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Cryobiology and Cryomedicine Techniques’ Boosting in Wartime

Pedepar: B ornspi npoaHanisoBaHO faHi nitepaTypy Npo CYTTEBUN HEraTMBHWIA BMMB MCUXOEMOLINHOMO HaBaHTaXKEHHS,
sIKe CynpOBOAXYE 5K BiICbKOBUX, TaK i LMBINbHMX OyAb-AKOT AepXaBu B YMOBax BOEHHOIO CTaHy. Take HaBaHTaXeHHS MOXe MpU3BOANTH
[0 BaXKNX po3nafiB cuctem, Lo 3abe3nevyoTb roMeocTaTuyHy CTanicTb OpraHiamy fiOAUHKM, 30Kpema A0 NMOCTTpaBMaTU4HOro CTpeco-
BOro posnapy. lNepebyBaHHA opraHiaMy MIOAVMHM B TaKOMY CTaHi CYNpOBOMKYETbCH PO3BUTKOM BaXKKMX OHKOMOMYHMX Ta ayTOIMYHHUX
3aXBOPIOBaHb, @ TaKOX AUCKYHKLIED penpoayKTUBHOI CUCTEMM YOMOBIKIB. Y pobOTi 3anponoHOBaHO CyvacHi miaxoau 4O MiKyBaHHS ne-
peniyennx naTonorin, GinbLiCTb 3 AKMX 6a3ylTbCs Ha MiKHapPOAHOMY AOCBIAI KMIHIYHMX | eKcnepuMeHTanbHUX AOCHiAKeHb Ta JOoCAr-
HEeHHSAX BITYM3HAHOI akademivHoi Hayku. Ocobnvea yBara NpuAinaeTbcs po3pobui KpiobionoriyHux i KpioMeanYHUX KNiTUHHO-TKaHWUH-
HMX TEXHOSOriN, BUKOPUCTAHHA SKMX MOXe ByTu 3anopyKot 3MiLLHEHHS SK MCUXIYHOTO, Tak i (hi3MYHOro 340POB’S LMBINIbHOTO HACENeHHS
nig yYac BiNHW.

KntoyoBi crnoBa: nocTTpaBMaTUYHUI CTPECOBUIA po3naj, OHKOMNAaTOMOris, ayTOIMYHHi 3aXBOPIOBAHHS, ANCYHKLIA penpoayKTUBHOI
CcMCTeMMU, KMITUHHA Tepanis, KPiOKOHCEPBYBAHHS, AEHAPUTHI KNITUHW, CepMaToroHarnbHi KMiTUHA.

Abstract: The review surveys the published data on a strong negative impact of psycho-emotional stress, which accompanies both
the military servicemen and civilians of any state in martial law period. Such a load can lead to severe disorders of the systems that
ensure the human body homeostatic stability, in particular to post-traumatic stress disorder. In this case human body is subjected to a
state accompanied by the development of severe oncology and autoimmune diseases, as well as dysfunction of the male reproductive
system. The study offers modern approaches to the treatment of the listed pathologies, most of which are based on the international
experience of clinical and experimental research as well as achievements of national academic science. Special attention is paid to
the development of cryobiological and cryomedical cell-tissue techniques, the use of those can be promising in the strengthening of
both mental and physical health of civilian population during the wartime.

Key words: post-traumatic stress disorder, oncology pathology, autoimmune diseases, reproductive system dysfunction, cell

therapy, cryopreservation, dendritic cells, spermatogonial cells.
YMOBHI CKOPOYEHHS:

AlI3 — ayToiMyHHi 3aXBOpHOBaHHS

ACAT — aHTUcnepmarbHi aHTuUTIna

M-KC® — rpaHynouutapHo-makpodaranbHuii KONOoHIECTU-
MYFoHYNA hakTop

OK — aeHapuUTHI KNITUHA

100 — ingonamin-2,3-anokcureHasa

IKK — iMyHOKOMMNETEHTHI KNiTUHU

11 — iHTepnenkiH

|®H-a — iHTepdepoH-a

KK — kopgoBsa kpoB

JIKKJT — nemnkokoHUeHTpaT KOpAoBOI KPOBI NTOANHN
HIEB — HeWpo-iMyHO-eHO0KpUHHMIA Briok

MTCP — nocTTpaBMaTU4HUIN CTPECOBMIN po3nag

|
IHCTUTYT npobnem kpiobionorii i kpiomeanumHn HAH Ykpainm, m. Xap-
KiB, YkpaiHa

*ABTOp, AKOMY HEOOXiAHO HaACKMNaTU KOPECNOHAEHLlo:
Byn. MNepesicnaecbka, 23, M. Xapkis, YkpaiHa 61016;

Ten.: (+38 057) 373-74-35, cakc: (+38 057) 373-59-52
eneKkTpoHHa nowuTa: cryopato@gmail.com

Haginwna 30.01.2023
MpunHaTa ao apyky 17.05.2023

List of abbreviations

AIDs — autoimmune diseases

ASAT — antisperm antibodies

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

IDO — indoleamine-2,3-dioxygenase

ICCs- immune competent cells

IL — interleukin

IFN-a — interferon-a

CB — cord blood

HCBL — human cord blood leukoconcentrate
NIEB — neuro-immuno-endocrine block
PTSD - post-traumatic stress disorder
SSCs — spermatogonial stem cells

]
Institute for Problems of Cryobiology and Cryomedicine of the
National Academy of Sciences of Ukraine, Kharkiv, Ukraine

*To whom correspondence should be addressed:
23, Pereyaslavska str., Kharkiv, Ukraine 61016;
tel.:+380 57 373 7435, fax: +380 57 373 5952
e-mail: cryopato@gmail.com

Received 30, January, 2023
Accepted 27, May, 2023

© Institute for Problems of Cryobiology and Cryomedicine of the National Academy of Sciences of Ukraine, 2023
© Publisher Publishing House ‘Akademperiodyka’ of the National Academy of Sciences of Ukraine, 2023

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0),
which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.



CCK — cnepmartoroHianbHi cToBOYpOBi KMiTUHK

Tper — T-perynaTtopHi KniTuHu

TP®-3 — TpaHcdhopmytoumin pocToBuid hakTop 3

®HIM-a — dakTop HEKPO3Y MYXMUHM a

CTLA-4 — umTOoTOKCHMYHUIA T-niMdoLmMT-acoLlinioBaHNn aHTUIeH 4
GILZ — rnokoKOpTUKOIA-iHAYKOBaHa nenumHoBa 3acTioka

Hsp70 — 6inkv TennoBoro LWOKy 3 MonekynsipHoto macoto 70 kfa
MHC — ronoBHuW KOMNIEKC ricTOCYMiCHOCTI

NF-kB — HykneapHuin daktop

NR3C1 — sgepHuii peuenTop, niacimenctso 3, rpyna C, uneH 1
PD-1 — peuenTop nporpamoBaHoi KniTMHHOI cmepTi 1

PD-L1 — niraHg 0o peuentopa nporpamoBaHoi KMiTMHHOT cmepTi 1

Ilicns BTOprHEHHS POCIMCHKOI apMii Ha TepH-
TOpit0 YKpaiHu BIMCHKOBI W LMBIIBHI OTpUMAaIN
3Ha4He (i3UYHE 1 MCHUXOCMOIIHHE HABaHTAXKCHHS,
SIKe CYNPOBOKYETHCS UYUCICHHUMH TOPYIICHHSIMH
CHUCTEM, L0 CKJIAJIAIOTh TaK 3BAaHUW «30JIOTUH TpH-
KyTHUK» OO/IiroMeocTasy JIOOUHA — HeUpo-imy-
Ho-eHnokpuHHMit 0ok (HIEB) [82]. Bin 3a0e3neuye
rOMEOCTAaTHYHY CTaJiCTh OPraHi3My JIOAMHH, 3aIo-
Oiraroun TOPYIICHHsSM #oro (iziojoridyHoro crany
1 pO3BUTKY 0ararbox 3aXBOPIOBaHb.

Crpec cynpoBOIKY€E JIIOIUHY IOBCSKIEHHO 1 €
000B’SI3KOBUM YWHHUKOM ii XUTTA [77]. B ymoBax
BOEHHUX TIOMiHf BIUIMB CTpecOpHOTO (akTopa Ha
JIOMUHY 3HAYHO 3pOCTa€, TOMY BapTo I BPaxoBy-
BaTH 1 HE BIJIKJIaJIaTH CBOEYACHY JIOTIOMOTY OpTraHi3-
My. XpoHiuHa opMma cTpecy NpU3BOJUTH 10 MOPY-
meHb y (yHKIIOHYBaHHI HEpBOBOI, IMyHHOI Ta
PENPOAYKTHBHOI CHCTEM OpraHizMmy, 10 MOXE PO3-
OanancyBatn HIEB i cnpuyvHUTH PO3BUTOK OHKO-
JIOTIYHUX Ta ayTOIMYHHHMX 3aXBOPIOBaHb, MaToJO-
TYHUX 3MiH Yy (QYHKIIOHYBaHHI PENpOIyKTHBHOI
CHCTEMH.

Emionamoeene3 oHKOI02IYHUX 3aX60PIO6AHL MA
ponv cmpecy. 3a gaaumu BOO3, 31m0sKicHI 3aXBO-
pIOBaHHS 3aiMarOTh JPYTe MICIe IICIS CEPIIEBO-CY-
JVMHHUX y 3arajJbHOMY TIepelliky XBOpOO, sKi Haid-
YacTilie MPU3BOATh O 3HWKCHHS IMpalie31aTHOCTI
Ta 3pOCTaHHS PiBHS CMEPTHOCTI HaceseHHs [44].
PicT OHKOJIOTIYHHX 3aXBOPIOBaHb MOXE OyTH MOB’si-
3aHUU 31 30LIBIICHHSIM PI3HOMAHITTS KaHIIEPOTCH-
HUX (hakTOpiB, OO SKUX MOXKHA BiZHECTH 1 po30a-
naHcyBaHHS ¢yHKmioHyBaHHs cuctem HIEB B ymo-
BaX CYTTEBOTO IICHMXOEMOLIIHOTO HaBaHTAXXCHHS
opraniamy [37, 86]. Hanpuknan, D. Kajdaniuk Ta
crmiBaBT. [37] NPOAEMOHCTPYBAJIM BIUIUB CTPECY
Ha PO3BUTOK paky depe3 MOpPYIICHHsS OajaHCy MiX
pIBHEM €HAOTCHHHUX OITOiiB Ta CEKPETOPHOIO PO-
0OTON IIMIIKOIIOAIOHOT 3ai103u. EHgoreHna omioin-
Ha CHCTeMa Ta MIMIIKONOAIOHA 3a7103a MOPYLIYIOTh
poboty Tinodisa, CTUMYIIIOITh MEXaHI3MH IMYHHO-
ro 3aXUCTy OpraHi3My Ta 3[aTHI BIUIMHYTH Ha Iie-
pedir 37osikicHOro 3axBopioBaHHsA. OKpiMm Timora-
naMo-rino¢izapHO-HaHUPHUKOBOI CHUCTEMH, CTpEC
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Treg — T-regulatory cells

TRF-B — transforming growth factor 8

TNF-a — tumor necrosis factor a

CTLA-4 — cytotoxic T-lymphocyte-associated antigen 4
GILZ — glucocorticoid-induced leucine zipper

Hsp70 — heat shock proteins with a molecular weight of 70 kDa
MHC — major histocompatibility complex

NF-kB — nuclear factor

NR3C1 — nuclear receptor subfamily 3 group C member 1
PD-1 — receptor of programmed cell death 1

PD-L1 — ligand for the receptor of programmed cell death 1

The Russian army invasion to the territory
of Ukraine crucially affected the military ser-
vicepersons and civilians by rendering physical and
psychoemotional load, which is accompanied by
numerous disorders in the systems, composing the
so-called ‘golden triangle’ of human body homeo-
stasis — neuro-immuno-endocrine block (NIEB) [82].
It ensures the homeostatic stability of the human
body, preventing the disturbances in physiological
state and the development of many diseases.

Stress accompanies a person daily and is an
essential factor in human life [77]. In military
operations, the influence of the stress factor on
a person increases strongly, so it is worth taking
this into account and not delaying a timely help.
A chronic stress leads to disturbed functioning of
the nervous, immune and reproductive systems,
which can unbalance NIEB and cause the develop-
ment of oncology and autoimmune diseases, pa-
thological changes in the functioning of the re-
productive system.

Etiopathogenesis of oncology diseases and the
role of stress. According to the WHO, malignant
diseases take second place after cardiovascular
diseases in the general list of diseases that most
often lead to a reduced working capacity and an
increased mortality rate of the population [44].
The growth of oncology diseases can be associated
with an increase in the variety of carcinogenic fac-
tors, which include the imbalance of the func-
tioning of the NIEB systems during significant
psycho-emotional stress [37, 86]. To exemplify,
D. Kajdaniuk et al. [37] demonstrated the influence
of stress on the development of cancer because
of an imbalance between the level of endoge-
nous opioids and pineal gland secretion. The
endogenous opioid system and pineal gland affect
the pituitary gland, stimulate the body’s immune
defense mechanisms, and are able to regulate the
enhancement of some cancer varieties. In addi-
tion to the hypothalamic-pituitary-adrenal system,
a stress also activates the sympathetic nervous
system [86]. Catecholamines (dopamine, adrenaline,
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TaKOXk aKTHBY€ CUMIIATUYHY HEPBOBY cucTemy [86].
Karexonaminn (nodamin, axpeHaniH, HOpajapeHa-
JiH) Ta HEUPONeNnTHUIW, U0 BUBUIBHSIOTHCS,
BaKAIOThCSI ONHUMHU 3 OI1OXIMIYHMX JETePMiHAHT
MEPEeKUTOTO CTpecy. XPpOHIUHUE mepedir crpeco-
BUX TOAiM IHAYKy€ TATOJOTi4HI 3MiHH B
OpraHi3Mi, sIKi CIIPUSIOTh PO3BUTKY HOBOYTBOPEHD,
BIUIMBAIOYM Ha Tpormideparmiro Ta aHrioreHes
nyxJuHHEX  KiithH  [86]. CyTTeBe TiIBUIICHHS
aJipeHaNiHy TpHYeTHEe 10 (OPMYBaHHS CTIMKOCTI
J0 amonTo3y KIITHH MyXJIMH HepenMiXxypoBoi
Ta MOJIOYHOI 3ay103 [74]. BioMo Takox Mpo BIUIMB
MiABHUIICHOTO PiBHSA aApeHajiHy Ha 3pOCTaHHs €H-
JOTENiI0 CyIMH Ta 1HTEHCHBHICTH POCTY DPaKOBHX
KIiTUH sieqHuKiB [52]. Ilpumyckaerscs, 1o 3aro-
CTPEHHSI 1HBa3MBHOCTI paKy IIiJ{ BIUTUBOM aJipeHa-
JiHY OIOCEPEIKOBAHO MATPUKCHUMH METaJIONpO-
teiHazamu. 3rigHo 3 ganuMmu A.K. Sood Ta cmiBasT.
[83], HOpaapeHanmin Maibke BABIWI 301TBIIyE 37aT-
HICTh KJIITHH pPaKy si€YHUKAa MPOHUKATH y CYyCiIHI
TKAaHWHU Ta AaKTHBYBAaTH IyXJHMHHY IPOTPECIIO.
Y pobori G.H. Rauscher Ta cmiBaBr. [69] BCTa-
HOBJICHO 3aJICKHICTh IIJIBUIICHHS arpecUBHOCTI
MPOTIKAHHS pPaKy MOJIOYHOI 3aJ03U BiJl MiJBH-
LICHHS IHTEHCHBHICTI CTPECOPHOTO HAaBaHTa)EH-
HSl.

HaiiBaxuiuBimummM, SKIIO HE €JUHUM, HUISIXOM
Heorasii € myranii nocnigosrocti JIHK [31]. Emi-
reHeTruHi MexaHismu (MetmmoBaHHs JIHK, wmo-
mudikaris TicToHiB 1 Hekomyounx PHK) mpusBoasaTs
0 CTHUMYJISIII a00 MPUTHIYCHHS TPAHCKPHIIIII Te-
HIB, BIAMOBIAANFHUX 32 PETYJAIII0 MporidepaTus-
HOI aKTUBHOCTI KJITHH, IO CHOPHSIE IHTYKII KaH-
neporenesy [29]. ¥V po6Goti C. Pu Ta cmiBaBt. [67]
Oyia BU3HAa4YeHA KPUTHYHA POJIb XPOHIUYHHUX MCUXiY-
HUX CTpecopiB y myxiumHoreHesi. M.A. Argentieri
Ta croiBaBT. [8] MpoAEeMOHCTPYBalU 3B’SI30K MiX
metuatoBanHsAM NR3C1 (spepuuit penentop (min-
cimeiictBo 3, rpyna C, unen 1), sike crocrepiraiu
ITiJ] 9ac cTpecy, Ta APiOHOKIITHHHAM PaKoOM JIETeHIB,
PaKoM MOJIOUHOI 3aJ103H.

Bimomo, m1o mijg yac po3BHTKY 3IOSKICHHX ITyX-
JIUH CIIOCTEPITa€ThCsl TOPYIICHHS pPOOOTH iMYH-
HOI CHCTEMH, II0 OOYMOBIIIOE€ YXWJICHHS ITyXJIMH-
HUX KIITHH BiJl iMyHHOI Bignosimi [33]. 3nosikicHO
TpaHc(hOpPMOBaHI KJIITHHH, HA BIIMIHY BiJl HOpMallb-
HUX, HaOyBalOTh 37aTHOCTI caMi MPOJYKyBaTu
CTUMYJIATOPH CBOTO 3K MoAiny. Bonu Brparunu 3aat-
HICTh [0 amomnTo3y Ta XapaKTepU3yIOThCS BiACYT-
Hictio mimity Xeiidauka [39]. Onnieto 3 cyTTeBUX
XapaKTEPUCTHK 3JIOSKICHOTO POCTY € TaK 3BaHHM
eniTenialbHO-Me3eHXIMaIbHUNA Tepexifl, KOJU elli-
TeNianbHI PaKkoBi KIITHHA HAOyBarOTh O3HAK ME3CH-
XiMaJbHUX, 1, K HACIiAOK, MafOTh OLIBIN Hemude-
peHITiHoBaHUH 3MOAKICHUH (eHoTHI [64].
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norepinephrine) and neuropeptides released accor-
ding to this mechanism are considered to be one
of the biochemical determinants of experienced
stress. The chronic course of stressful events
induces pathological changes in the body that cont-
ribute to the development of neoplasms, influencing
the proliferation and angiogenesis of tumor cells
[86]. A notable increase in adrenaline is involved
in the formation of resistance to apoptosis of pro-
state and mammary gland tumor cells [74]. It is
also known about the influence of elevated adre-
naline levels on the growth of vascular endothe-
lium and the intensity of growth of ovarian
cancer cells [52]. Aggravation of cancer invasive-
ness under the influence of adrenaline is assumed
to be mediated by matrix metalloproteinases. Ac-
cording to A.K. Sood et al. [83], norepinephrine
nearly doubles the ability of ovarian cancer cells
to invade neighboring tissues and activate tumor
progression. G.H. Rauscher et al. [69] reported
about the dependence of increased aggressiveness
of breast cancer progression on increased inten-
sity of stressor load.

DNA sequence mutations are the most impor-
tant, if not the only, way of neoplasia [31]. Epige-
netic mechanisms (DNA methylation, modification
of histones and non-coding RNAs) stimulate or
suppress the transcription of the genes responsible
for regulation of proliferative activity of cells,
which contributes to the induction of carcinogenesis
[29]. C. Pu et al. [67] determined the critical role
of chronic mental stressors in tumorigenesis.
M.A. Argentieri et al. [8] demonstrated an associa-
tion between NR3C1 (nuclear receptor subfamily 3
group C member 1) methylation observed during
stress and small cell lung cancer, breast cancer.

The development of malignant tumors, a mal-
function of the immune system is known to be
observed, that causes the evasion of tumor cells
from the immune response [33]. Malignantly transfor-
med cells, unlike normal cells, acquire the ability
to produce stimulators of their own division. They
have lost the ability to undergo apoptosis and
are characterized with the absence of the Hayflick
limit [39]. One of the essential characteristics of
malignant growth is the so-called epithelial-me-
senchymal transition, when epithelial cancer cells
acquire mesenchymal features, and as a result
have a more undifferentiated, malignant phenotype
[64].

A convenient model for performing experi-
mental studies to explore the functional charac-
teristics of stem cancer cells, which have certain
surface markers and are responsible for sup-
porting the growth and metastasis of tumors, is
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3pY4YHOI0 MOAECIIIIO IJisi MPOBEACHHS EKCIepH-
MEHTAJIBHUX JIOCII/PKEHb 3 BUBYCHHSI (DYHKITIOHAb-
HUX XapaKTEPUCTUK CTOBOYPOBUX PAKOBHX KIIITHH,
sIKi MalOTh TI€BHI ITOBEpXHEBI MapKepw 1 Biamo-
BiJIAIOTh 32 MIATPUMKY POCTY Ta MeTacTa3yBaHHS
MyXJIMH, € JIiHig KITAH aciuuTHOI (opMH aaeHO-
kaprumaomu Epmixa [26]. Ha mid momeni Oyio
BHBYCHO {i CyONOMyJAIiiHWNA CKIax Ta JOBefe-
HO HaWOIBII BHCOKY TYMOPOICHHY aKTHBHICTb
CD44hieh_ppakmii 1 MiABUIICHHS PIiBHSA eKcrpecii
TeHIB IUTIOPUIIOTEHTHOCTI (s0Xx-2, nanog ta oct-4)
[24]. A.M. TonbueBuM Ta crmiBaBT. [26] migkpec-
MOETbC  miaBuIeHa criiikicte CD44Me' gmiTun
70 YABTPAHU3BKUX TeMIeparyp Ha Tl 3MiHH iMy-
HOTEHHHX BJIAacTUBOCTeH myxiuau. Lle oOymoBitoe
cnenudiuHy MOAYIAIII0 IMyHHOI BiJIMOBiAI TBa-
PUH-TIYXJIMHOHOCITB, IIO CYMPOBOKYETHCS TiABH-
IIEHHSAM KIJTBKOCTI KUIEPHHX Ta 3HIDKEHHSIM pery-
naropaux T-xmitua (Tper). ToOTo, yaBTpaHU3BKI
TeMIepaTypyu 31aTHI sIK MOAU(IKyBaTH CTPYKTYpY
KIITUH ajeHokapimHomu Epiixa, tak i GopmyBa-
TH HOBI B3a€EMOBIJIHOCMHHM 3 IMYHHOK) CHCTEMOIO
MyXJIMHOHOCISI — aKTUBYBaTH 1i €PEKTOPHY JIAHKY,
IO CIpHUSE 3HWKEHHIO 1HTCHCHUBHOCTI POCTY IyX-
JVHH.

Cman imynnoi cucmemu nio wac po3gumxy OHKO-
Joeiunux 3axeoprogarns. ONHIEIO 3 YHIKAIbHUX Bia-
CTHBOCTEH 3JIOSKICHUX MyXJIMH € 3/IaTHICTh 1HIYKY-
BaTH IMYHOCYIIPECII0 B OpraHi3Mi HyXJIHHOHOCIS.
Y wMipy 3pocTaHHS MyXJIMHa HaOyBa€ BIIACTHBOC-
TeH, SKi O3BOJISIIOTH 1M YXWISITHCS Bifl IMYHHOTO
HaIIsioy, IO TEPEIIKOKAE PO3BUTKY MEXaHI3MiB
e(eKTHBHOI TNPOTHITYXJIMHHOT 1MYHHOI BiAIOBiI
[98]. Crparerisi «IpOTHIMYHHOTO 3aXHCTy» 3J10-
SKICHOT TMyXJIMHU peasli3ye€ThCsl Ha MOJCKYJISPHO-
KIITHHHOMY PIBHI Ta CKJIQAAEThCA 3 PEAyKLii iMyH-
HOTO pO3Mi3HaBaHHs Ta cynpecii QyHKOIl IMyHHHX
KIIITUH TYXJIMHOHOCIA 32 PaxyHOK 3HWKEHHS abo
BTpaTH EKCIIpecii BHCOKOIMYHOTEHHHX aHTHUTEHIB,
MTOPYIIEHHS MEXaHi13MiB ITPe3eHTAaIlil aHTUTEHIB TOIIIO.

BaxnmBo, 110 i 9ac po3BUTKY 0araTboX OHKO-
JIOTIYHUX 3aXBOPIOBaHb 3MIHIOETHCS TPODITh IMyHO-
rxomrieTeHTHUX KIITHH (IKK) 3 pisHuME QyHKIisIMA.
Tak, migsmmends kimpkocti CD4"CD25FOXP3*
Tper KIITHH 3 IMYHOCYNPECHBHOIO aKTHUBHICTIO
y TPUOYXJIUHHOMY JiM(OBY31 Ta mnepudepuuHiit
KpPOBi KOpEJIIOE 3 TMpOrpecyBaHHsM xBopobu. On-
HaK y XBOpHX Ha JiMpOMYy Ta KOJIOPEKTaIbHHUH
pax migBHUILEHA KUIBKICTh Tper B MyXJiMHI pO3IIsi-
JIA€THCSI SIK CIIPUATIIMBA O3HAKA IPUTHIUYyBaHHS 3aria-
neHHs. Y po6ori K. Li Ta cmiBaBT. [49] 3BepTaeTbes
yBara Ha CyNHpecOpHi KIITHHH Mi€JIOITHOTO TTOXOA-
KEHHS, IO 3aly4eHl OO «BUCIU3AHHA» IMyXJIMHU
Bil IMYHOJIOTIYHOTO HAIJISIAY, ITiIBHUINCHHS PIiBHS
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the Ehrlich ascites carcinoma [26]. Its subpopu-
lation composition was studied using this model
as well as the highest tumorigenic activity of
the CD44he" fraction and increased expression
of pluripotency genes (sox-2, nanog and oct-4)
were proven [24]. A.M. Goltsev et al. [26] empha-
sized the increased resistance of CD44Me" cells
to ultralow temperatures against the background
of changes in the immunogenic properties of
the tumor. This causes a specific modulation of
the immune response of tumor-bearing animals,
which is accompanied by an increased number
of killer cells and a decreased one of regulatory
T cells (Treg). That is, ultra-low temperatures
are capable of both modifying the structure of
Ehrlich carcinoma cells and forming new relation-
ships with the immune system of the tumor carrier,
i. e. activating its effector link, which contributes
to reducing the intensity of tumor growth.

The immune system state during the develop-
ment of oncology diseases. One of the unique
properties of malignant tumors is the ability to
induce immune suppression in the body of the tumor
carrier. As the tumor grows, it acquires properties
that allow it to evade immune surveillance, that
prevents the development of mechanisms for an
effective antitumor immune response [98]. The
strategy of ‘anti-immune protection’ of a malignant
tumor is implemented at the molecular and cell
level and consists of reducing immune recognition
and suppressing the function of immune cells of
the tumor carrier due to the reduction or loss
of expression of highly immunogenic antigens,
disruption of antigen presentation mechanisms,
elc.

It is important that during the development
of many oncology diseases, the profile of
immune competent cells (ICCs) with different
functions changes. Thus, an increased number of
CD4*CD25"FOXP3* Treg cells with immune sup-
pressive activity in the tumor lymph node and
peripheral blood correlates with the progression
of the disease. However, in the patients with
lymphoma and colorectal cancer, an increased
number of Tregs in the tumor is considered a fa-
vorable sign of inflammation suppression. In the
work of K. Li et al. [49] the attention is drawn to
suppressor cells of myeloid origin, involved in
the ‘slippage’ of the tumor from immunological
surveillance, a rise in the level of which in
the blood directly correlates with the worsening of
the clinical stage of cancer.

An increased level of interleukin-6 (IL-6) in
the blood was found in most cancer patients [43].
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SKHX y KPOBI MPSMO KOPENIO€ 3 TMOTIpIIEHHSM KITi-
HiYHOI cTanii paky.

Y OuIbIIOCTI OHKOXBOPUX BCTAHOBIICHO ITiJIBH-
ImeHHs piBHA iHTeprnelikiny-6 (IJI-6) B kposi [43].
Bin mocwmmoe QopMmyBaHHS aHTHTLI, MO ONOKY-
I0Th aHTUTEHU ITyXJHHH, 3aXWIIAI04H i Bil pyHHY-
BanHsg IKK. 3maTtHICTh «IpUXOBYBaTH» ITyXJIWH-
Hi KIiTiHA Bifg muroTokcnyHux IKK mpuramanna i
MO3aKIIITHHHUM TacTKaM HerTpodinis, siki hopmy-
IOTBCSI ITiJ] Yac OHKOIATOJIOTI 1 MICTSTh CyIpecopHi
MOJIEKYJIH JIiraHa 10 perenTopa NporpaMoBaHoi Kili-
tuHHOI cmepti (PD-L1) [100]. I[acTuHKT «camo30epe-
KEHHS» MYXJIMHU MiATBEPIKYETHCS 3a PaxyHOK
MiABUIICHHS eKCOpecii MOJEKYJl LHUTOTOKCHYHOTO
T-nimpouur-aconifiopanoro antureny 4 (CTLA-4)
1 perientopa MmporpamMoBaHoX KITUHHOI cMepTi (PD-1)
Ha JiMdonuTax, M0 MPUTHIYYIOTh akTHBarito T-kii-
THH mig vac B3aemonii 3 CD80/CD86 niranmamu
Ha aHTUTCH-TIpe3eHTyounX KiaiTuHax [100].

Cepen ycporo pizaomanitts IKK, mo mpuuetHi
JI0 KOHTPOITIO PO3BUTKY ITyXJIMHHOTO TPOILECY, CIiJI
BuainuT JaeHaputHi kinitnan (JK), siki € rerepo-
TeHHOI0 TOMyNALielo npodeciiHuX aHTUIeH-Tpe-
seHtyrounx kiaitud. J.J. Karrich ta cmiBaBr. [38]
MOPIBHIOIOTh MIMPOKUi crekTp ¢ynkuid JK 3 momni-
(DYHKLIOHANBHICTIO MIBEHIAPCHKOIO apMiHCHKOIO HO-
xa. JIeHOPUTHI KIITUHU BiIrPalOTh KIIFOYOBY POJIb
B iHIIIAIil Ta MIATPUMII TPOTUITYXJIMHHOTO IMYHi-
TETy, HPHU IbOMY HOEAHYIOUM 3yCHJUIS BpPODKE-
HOI Ta HaOyToi NMaHOK iMyHHOI cucrtemu. Hespimi
JK, He3BaxkalouM Ha CHHTE3 MOJIEKYI TOJIOBHOTO
rxomrmiekcy rictocymicaocti (MHC) I i II kmacis,
XapaKTEepPH3YIOThCSl SIK HU3BKOIO EKCIPECI€r0 KO-
CTUMYJIATOPHUX MOJIEKYJ, TaK 1 3[JaTHICTIO MPOY-
KyBaTH mpo3amaibHi 1uTokinu [41]. Jlo3piBaHHs
takux JIK BinOyBaeTbCs IMicias 3aXOIUICHHS aHTH-
TEHIB 3JI0SKICHUX CTPYKTYp MiJ BIUTUBOM MiCLIEBUX
MyXJMHHUX 1 cTpoManbHHMX cTtumyniB. Tak, cmoc-
TepiraeTbcs CTadimi3allis KOMIUIEKCY MENTHIHUX
(hbparMeHTIB 4y>KOPiTHUX aHTUTEHIB 3 MOJEKYIaMu
MHC, mo npu3BOAWTH A0 MiABHINEHHS eKcIpecii
KOCTUMYJISITODHUX MOJIEKYJI HA IIOBEPXHI aHTHUIEH-
MIPE3CHTYIOUNX KIITHH, [41], micis 9oro mo3piBarodi
JK wmirpyrots y aimdoinHi opranu ams mpe3eHTartii
MyXJIMHHUX AHTUTEHIB TICBHUM Tpynam T-KIiTHH
[93]. Ha 1nipomy erarti iMyHHOI BIJIOBIII HAsIBHICTh
iHOineTpytounx nyxauny JK € cnpustianBuMm mpor-
HOCTHYHUM MapKepoM Tepediry HeoIlIacTHYHOrO
nporecy. BaxiuBo, 10 Ha B3a€EMOJII0 MK IMYyH-
HUMH Ta MNyXJIUMHHUMH KIITHHAMHA BIUIMBaE He
JUIe KiabKicTh 1HQinmeTpyrounx JK, ame i cran
X 3piJOCTi, KU 3MIHIOETHCS 3aJIeKHO BiJ| CTamil
pocty myxnuH. HOBOyTBOpeHHsS Mae CBO€ MIKpoO-
OTOYEHHS MYyXJIMHHUX KIITHH, fKe IHTIOye MOXK-
JUBICTh iHIMmiamii eQeKTUBHOI IMyHHOI IIPOTH-
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It enhances the formation of antibodies that block
tumor antigens, protecting it from the destruction
of ICCs. The ability to ‘hide’ tumor cells from
cytotoxic ICCs is inherent in the extracellular traps
of neutrophils, which are formed during onco-
pathology and contain PD-L1 suppressor molecules
[100]. The tumor’s ‘self-preservation’ instinct is
confirmed by increased expression of CTLA-4
and PD-1 molecules on lymphocytes, which sup-
press T-cell activation during interaction with
CD80/CD86 ligands on antigen-presenting cells
[100].

Among the variety of the ICCs involved in the
control of tumor development, the dendritic cells
(DCs), which are a heterogeneous population of
professional antigen-presenting cells, should be
highlighted. J.J. Karrich et al [38] compared a
wide range of DC functions with the multifunctio-
nality of a Swiss army knife. Dendritic cells play
a key role in the initiation and maintenance of
antitumor immunity, while combining the efforts
of the innate and acquired links of the immune
system. Despite the synthesis of class I and I MHC
molecules, immature DCs are characterized by both
low expression of co-stimulatory molecules and
the ability to produce pro-inflammatory cytokines
[41]. Maturation of such DCs occurs after cap-
ture of antigens of malignant structures under the
influence of local tumor and stromal stimuli. Thus,
stabilization of the complex of peptide fragments
of foreign antigens with MHC molecules is ob-
served, which leads to increased expression of co-
stimulatory molecules on the surface of antigen-
presenting cells, [41], after that the maturing DCs
migrate to lymphoid organs to present tumor
antigens to certain groups of T cells [93]. At this
stage of the immune response, the presence of
DCs infiltrating the tumor is a favorable prognostic
marker of the course of the neoplastic process. It
is important that the interaction between immune
and tumor cells is influenced not only by the num-
ber of infiltrating DCs, but also by their maturity
state, changing depending on the tumor growth
stage. The neoplasm has its own microenvironment
of tumor cells, inhibiting the possible initiation of
an effective immune antitumor response due to the
presence of angiogenesis-stimulating plasmacytoid
DCs, which have pronounced immune suppres-
sive properties. Thus, the tumor microenvironment
forms immune suppressive DCs, promoting tumor
progression.

Dendritic cells infiltrating the tumor reveal in-
creased expression of PD-L1 molecules, which inte-
ract with PD-1 molecules on the surface of
T-lymphocytes and cause their apoptosis [46].
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MyXJIMHHOT BIAMOBiAI 3a paxyHOK HPUCYTHOCTI
AHTiOTeHE3CTUMYMIOIOUNX — miasMonutoigaux K,
SIK1 BOJIOAIIOTH BHUPAKCHUMH IMYHOCYIPECOPHUMH
BJIACTUBOCTSIMU. TakuM YMHOM, IMyXJIMHHE MIKpPOOT-
odeHHs (opmye imyHOcympecopHi K, crnpustoun
IIPOTPECYBAHHIO ITyXJIMHH.

JleHapuTHI KIITHHH, IO 1HQIIBTPYIOThH MMyXJINHY,
BHSBIISIIOTH MIIBHINEHY eKcrpecito Monekyn PD-L1,
AK1 B3a€MOJIIOTH 3 Mojekynamu PD-1 Ha moBepx-
Hi T-miMQOIMTIB 1 BUKIMKAIOTh iX amonrto3 [46].
Hakormuenns Ttakux JIK y myximHiI CynpoBoj-
XKyBajnocsl iHriOyBaHHSM mpouecy iH}inbTpamii
MyXJMHHOT TKaHuHK T-miMdonmramu.

TakuM 4YMHOM, PO3yMiHHS MEXaHi3MiB Ta ilIeH-
tudikamis (akropiB, 3amiTHUX B IHAYKIII TaKuX
imyHOCcynpecuBHUX JIK y MiKpoOTOUEHHI MyXJIHMHH,
BiJIKpUBAIOTh HOBI NUISIXU JIKYBaHHS OHKOJIOTIYHHX
3aXBOPIOBAaHb, KOJIM OCHOBHY 3HAYMMICThb MaTume
BITHOBJICHHS IMyHOCTHMYITIOIOUOTO 1 €()eKTOPHOTO
noTeHmiany iHpinpTpytounx myxiauay JK.

THpunyunu niKy8aHHA OHKONO2IYHUX 30X80PIOBAHD.
Po3M0OBCIO/PKEHUME METOJIaMU JTIKYBaHHS 3JIOSIKiC-
HUX MyXJIMH € XIMi0- 1 TpOMEHeBa Teparlisi, Xipypriuti
Ta KpiOXipypriuHi MeTOAM, a TaKOX KOMIUIEKCHE
ixHe 3actocyBaHHS [76]. OcTaHHIM 4YacoM 3Bep-
TAETHCSl yBara Ha MOXJIMBICTH JIIKYBaHHS XBOPHUX
Ha OHKOJIOTIUHI 3aXBOPIOBAHHS 3 BHKOPUCTAHHIM
HaHoMarepiamiB [7]. MoBa #ae mpo CTBOpeHHS Oa-
raro)yHKITIOHAIBHIX HaHOMAaTepialiB, sKi 3mar-
Hi OyTH TEpameBTHYHOIO CITONYKOIO Ta BHUSBISATH
MyXJIMHHI CTPYKTypH. Taka ocoOnmBicTh HaHOMa-
TepianiB cupusia GOpMyBaHHIO CyYaCHOTO HAIPSM-
Ky PO3BUTKY (YHIAMEHTAIbHO-NPUKIATHAX PO-
3p000K — HAHOTEPAHOCTUKH. [lepCreKTMBHUM
€ BHUKOPUCTAaHHS HAHOYACTOK OPTOBAaHAJAATIB Pif-
KicHo3emenbHuX enemeHTiB GdYVO4:Eu3+ i cTBo-
PeHHX Ha iX OCHOBI Ta XOJECTEpUHY HaHOKOM-
IUIEKCIB, pPO3poONieHnX B I[HCTHTYTI CIHMHTHIIS-
niiaux marepianie (ICMA) HAH VYkpaiam [6].
B IIKiK HAH Vkpaiam ta ICMA HAH Vkpai-
HU Oyl0 TEOPETHYHO OOIPYHTOBAHO 1 EKCIepuMe-
HaJlbHO JTOBEACHO €(EKTUBHICTh HAHOKOMITO3HTIB
B imeHTH(}iKamii CTOBOypOBHX paKOBUX KIITHH
Ta IHAKTUBAIlil PO3BUTKY paKy MOJIOYHOI 3aJI03U Ha
EKCIIepUMEHTAJIbHIA MOJeNi ajeHoKapiuHoMu Ep-
nixa [27].

Takoxx Oyno BCTaHOBIIEHO, IO MPOTHITYXJIWHHA
Iisl HAHOKOMIUIEKCiB OOyMOBJIEHa MOPYIICHHIM
(GyHKIIT MITOXOHAPIA 3 TiIBUIIECHHSIM pIBHA MpO-
IyKIii akTUBHUX (POPM KHCHIO 1 MOJAIBIION iH-
OYKLIEI aloNTOTHYHHUX ab0 HEKPOTHYHUX MpolLe-
CiB y TNyxXJIMHHUX KiitThHax [27]. Bukopucranus
HaHOKOMIIJIEKCIB CYIIPOBOXKYBAJIOCS IPUTHIYEHHIM
pocty myxmmuHHU Maibke Ha 80% 1 CyTTEBUM 3pocC-
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Accumulation of such DCs in the tumor was
accompanied by inhibition of the tumor tissue
infiltration by T-lymphocytes.

Thus, the understanding of the mechanisms
and the identification of factors involved in the
induction of such immune suppressive DCs in
the tumor microenvironment open up new ways
of treating oncology diseases, where the resto-
ration of the immune stimulatory and effector
potential of infiltrating tumor DCs will be of pri-
mary importance.

Principles of cancer treatment. Common treat-
ment of malignant tumors are chemo- and radiation
therapies, surgeries and cryosurgeries, as well as
their complex application [76]. Recently, an attention
has been drawn to the possibility of treating the
cancer patients with the use of nanomaterials
[7]. It is about the creation of multifunctional
nanomaterials that can be a therapeutic com-
pound and detect tumor structures. This ability
of nanomaterials contributed to the formation
of such a modern direction of fundamental
and applied research as nanotheranostics. It is
promising to use the nanoparticles of ortho-
vanadates of rare earth elements GdYVO4:Eu3+
and nanocomplexes created on their basis and
cholesterol, developed at the Institute for Scintil-
lation Materials (ISMA) of the National Academy of
Sciences of Ukraine [6]. At the Institute for Problems
of Cryobiology and Cryomedicine (IPC&C) of
the National Academy of Sciences of Ukraine and
ISMA of the National Academy of Sciences of
Ukraine, the effectiveness of nanocomposites in
identifying stem cancer cells and inactivating the
development of breast cancer in the experimen-
tal model of Ehrlich carcinoma was theoretically
substantiated and experimentally proven [27].

It was also established that the antitumor effect
of nanocomplexes was due to a disordered func-
tioning of mitochondria with an increased pro-
duction of reactive oxygen species and the sub-
sequent induction of apoptotic or necrotic processes
in tumor cells [27]. The use of nanocomplexes
was accompanied by inhibition of tumor growth by
almost 80% and a significant increase of animals’
survival. Elucidation of the mechanisms of antitu-
mor action of nanocomplexes also demonstrated
a significant decrease in the concentration of the
most tumorigenic cells with the CD44"e" phe-
notype, which are classified as cancer stem cells.
It is important that after the use of nanocomplexes
there is a change in the ratio of cells with the
CD44"e" and CD117* phenotype in the tumor and
the possibility of using this index as a diagnostic
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TAaHHSM BHYKMBAHOCTI TBapHH. 3’sSCYBaHHS MeEXaHi3-
MiB TNPOTHIYXJIMHHOI Jii HaHOKOMIUIEKCIB Mpoje-
MOHCTPYBAJIO TaKOX CYTTEBE 3HW)KCHHS KOHIICH-
Tpamii HaHOUIBII MyXJIMHOTEHHUX KIITHH 3 (heHo-
turnom CD44Me" 1110 BimHEeceHi 10 CTOBOYpOBHX
pakoBux KmiTHH. CyTTE€BUMH TICIs BUKOPUCTAHHS
HAaHOKOMITJICKCIB € 3MiHa CITiBBIJHOIICHHS B ITyX-
nuHi KimitHH 3 deHotuniom CD44Me" ta CDI117*
1 MOXIHMBICTh BHKOPHCTAaHHS IIHOTO ITOKa3HUKA
y SKOCTI JIarHOCTUYHOTO 1 TMPOTHOCTHYHOTO Map-
Kepa pO3BUTKY a00 iHaKTHBaLii MyXJIMHHOTO IPO-
necy [1]. Oco0nuBO BaXJIMBUMH € BCTAHOBJICHI
JaHl I[I0J0 3JaTHOCTI HAHOKOMIUIEKCIB BIUIMBATH
Ha CTaH TCHOMHO-IIICIITCHOMHHMX KacKaiB KIIITHH
ajeHokapuuHoMu Eprixa: iHriOyBaHHS pIBHS €K-
cipecii TeHIB IUTIOPUIIOTEHTHOCTI (nanog, octd,
sox2) i QaxropiB TpaHckpumnmii (nanog ta Oct3/4)
nyxauaanx CD44-xmitun [24]. OmHouyacHe 3HU-
JKEHHSI BMICTY B 3arajbHOMY IIyJi aaeHOKapIIHO-
mu Epnixa xiaitua 3 mapkepom Ki-67 miarBepmxye
HTIOIMif0 TTpoTihepaTUBHOTO TIOTEHI[ATY MyXJIMH-
HHUX KITHH IIiJ BIUIMBOM HaHOKOMILIEKCIB [27].
OCKUIBKM CHHTE30BaHI HAHOKOMILJIEKCH BIJHE-
CEHO JI0 MAJOTOKCUYHUX PEYOBHH, TO MOXJIHBE iX
BUKOPDHCTaHHA Yy SIKOCTI MPOTHIIYXJIMHHUX HaHO-
CTPYKTYpOBaHHX (OpPM JIiKapCchKUX Mpenaparis [25].

Cepell LIMPOKOTO CIEKTPY METOAIB JIKYBaHHS
OHKO3aXBOPIOBaHbh OCOOJIMBE MiCIle 3aiiMa€e iMyHO-
Tepartis, sika CKIIAJAaeThCs 3 aKTUBHOI (1HIYKY€ Tpo-
TUIYXJIMHHI IMYHHI peakIlii) 1 macuBHOI (B OpraHizm
nepeHocats IKK abo mwrokiHM, IO omocepen-
KOBYIOTh TIPOTUNYXJIMHHUHN edekT). [lpum amanTus-
Hill iMyHOTepanii 3JiHCHIOETBCS TIEPEHECEHHS JKH-
Bux IKK, ski QopmMyroTh NpOTUIYXIHHHY I1MYyH-
Hy BianoBiab. Cepejl MEPCIEKTUBHUX MIAXOMIB JI0
JIKyBaHHS OHKOXBOpMX € TapreTHa akTtuBamis T-
KIITHHHOTO TPOTHIYXJIMHHOTO IMYHITETY 3piTUMH
imynaumu 1K, sika me y 2010 poui oTpumana cxsa-
JICHHS YNpPaBIiHHSAM 3 IPOIOBOJICTBA 1 MEAMKa-
meHTiB CIIIA (FDA, Food and Drug Administration)
1 BuKopucToByeThes choromni [41]. Imynni K Bxo-
ISTh 0 CKJaly NPOTUIYXJIMHHUX BakIMH 1 3aCTO-
COBYIOTBCS I TIOCWJIEHHS IMYHOT€HHOCTI TIyX-
muHHEX KITHH [30]. Jn8 BUTOTOBIEHHS MPOTH-
nyxiuHHOT BakuuHu JIK oTpumyroTs 13 MOHO-
HyKIeapiB mnepudepuyHoi KpoBi ab0 KiCTKOBOTO
Mo3Ky [41]. HesanexxHo Bij| JpKepesa MOXOMKCHHS,
JAK HaBaHTaXyIOThb aHTHICHAMH IyXJIWHHHUX TKa-
HUH y BUDJISIII TENTUAIB, OUIKIB, IUTICHUX JIi3aTiB
youtux myxnuaHux Kmitud [81]. [Tokaszano, mo mis
CyTTeBOi aktuBalii T-KIITHHHOT BiAMOBIII Ha IMyX-
JIUHHI aHTHTeHH TIOTpiOHE Oararopa3oBe BBEICH-
Hs JIK [18]. BpaxoByro4n TPymIOMICTKICTh 1 BUCOKY
IIHY TPOIEAYPH IXHHOTO OTPUMAHHS ex Vivo, allb-
TEPHATUBHUM DINICHHIM € KpiokoHcepByBaHHS JIK
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and prognostic marker for th tumor development
or inactivation [1]. Particularly important are the
established data on the ability of nanocomplexes
to influence the state of the genomic-post-genomic
cascades of Ehrlich carcinoma cells: inhibition
of the expression level of pluripotency genes (nanog,
ost4, sox2) and transcription factors (nanog and
Oct3/4) of tumor CD44" cells [24]. A simultaneous
decrease in the content of cells with the Ki-67
marker in the general pool of Ehrlich carcinoma
confirms the inhibition of the proliferative po-
tential of tumor cells under the influence of
nanocomplexes [27]. Since the synthesized nano-
complexes are classified as low-toxic substances, it
is possible to use them as antitumor nanostructured
drugs [25].

Among the wide range of cancer treatment
methods, a special place is occupied by immune
therapy, which consists of active (induces antitumor
immune reactions) and passive (introduce ICC or
cytokines that mediate an antitumor effect into the
body). In adaptive immunotherapy, the live ICCs
are transferred, that forms an antitumor immune
response. Among the promising approaches to the
treatment of cancer patients is the targeted activation
of T-cell antitumor immunity by mature immune
DCs, which was approved by the US Food and
Drug Administration (FDA) in 2010 and is used
today [41]. Immune DCs are part of antitumor vac-
cines and are used to enhance the immunogenicity
of tumor cells [30]. To produce an antitumor
vaccine, DCs are obtained from peripheral blood
or bone marrow mononuclear cells [41]. Regard-
less of the source of origin, DCs are loaded with
tumor tissue antigens in the form of peptides,
proteins, whole lysates of killed tumor cells [81].
It has been shown that significant activation of the
T-cell response to tumor antigens requires repeated
administration of DCs [18]. Considering the time-
consuming and expensive procedure of their ex
vivo obtaining, an alternative solution is cryopreser-
vation of DCs in sufficient quantities and use of
them as needed. In most clinical trials, the mature,
antigen-loaded DCs ready to be applied in im-
munotherapy were cryopreserved [56].

It has been repeatedly emphasized that the ef-
fectiveness of cryopreservation of various biolo-
gical objects depends on their initial state [3]. This
thesis is confirmed by the results of H. Hayden
et al. [28], wherein they demonstrated that, de-
pending on the degree of maturity, DCs had
different cryosensitivity. It is known that there
are differences in the structural organization be-
tween DCs and their precursors — monocytes.
For example, monocytes have a higher nuclear-
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y JOCTaTHIX KiJIBKOCTSX 1 BUKOPUCTAHHS 3a MIipOIO
HEoOXigHOCTI. Y OUIBIIOCTI KIIHIYHUX BUIPOOY-
BaHb KPIOKOHCEPBYBAaHHIO MifJaBajy 3pijii HaBaHTa-
xeHi anTureHoM JIK, siki TOTOBI 10 BHUKOPHUCTAHHS
B iMyHOTeparmii [56].

Heonnopa3oBo Harosomrysanocsi, 10 €(eKTuB-
HICTb KPIOKOHCEPBYBAHHS PI3HUX  OI0JOTIYHHUX
00’€KTIB 3aJIE)KATH BiJ IXHHLOIO IIOYATKOBOI'O CTa-
Hy [3]. Leii Te3uc MiATBEPIKYEThCS PE3yIbTaTaMu
pobdoru H. Hayden Ta cmiBaBrt. [28], y sikili moka-
3aHO, IO 3aJIeXKHO BiJ crymnens 3pinocti JK mamu
pi3HY KpiodyTnuBicTh. Bigomo, mo BiIMiHHOCTI
ICHYIOTb 1 B CTPYKTypHii opranizauii mix JIK Tta
iX momepegHHKaMH — MOHoUMTamMHu. Hampuknan,
MOHOLIUTH MalOTh OUIbII BHUCOKE SACPHO-LIUTO-
IJ1a3MaTUYHE BiJHONIEHHS Ta MEHIIY KIIbKICTh
MITOXOH/Ipiii, 32 paxyHOK HYOTO BOHHM TOBUIBHIIIIE
CIIO)KMBAIOTh KHCEHb IOPIBHAHO 3 OTPUMaHUMH
3 Hux 3pimvu 1K, mo nepembavae BUKOPUCTAHHS
PI3HHX YMOB iX €()eKTHBHOTO KPiOKOHCEPBYBaHHS.

Ha crorogai He po3poO0IeHO €IWMHOTO MPOTO-
KOy KpiokoHcepByBaHHA iMmyHHuX JIK. V Hass-
HUX TMPOTOKOJIAX KpioKoHcepByBaHHs iMyHHuX JIK
JUISL KJIIHIYHOTO 3aCTOCYBaHHS BHKOPUCTOBYIOTH HE
menire 5% JIMCO, TiIpoKCHEeTHIIKpOXMallb, CHPO-
BaTKy abo tuazmy KpoBi [28]. ¥V po6Goti P. Shinde
Ta cmiBaBT. [79] BKa3yeThCcs Ha MOXIIUBE BBEICHHS
B CepeloBHIIEC sl KPIOKOHCEPBYBAaHHS INIIOKO3H
abo Tperamo3u. Tak, 3aMOpPOXKEHI B MPHCYTHOCTI
JIMCO Ta tperanmo3u imynni JIK Oymu MeHIIOO
MIpOIO CXWJIBHI IO allONTOTHYHOI 3aru0eIi MOopiBHs-
HO 3 imyHHIMHE J{K, KpiOKOHCEpPBOBaHUMH 3 JT0JIaBaH-
Hsim saire JIMCO.

JlymMka OUIBIIOCTI JOCTIAHUKIB IIO0 «JIOSIIb-
HOCT» MpPOTpaMu  KPIOKOHCEPBYBAHHS MOHOHY-
kieapiB, MoHouuTiB Ta He3pimux K mo —196°C
30ira€ThCss B HEOOXITHOCTI BHKOPUCTAHHS B IIMX
mporpaMax IOBUIBHOI MIBUIKOCTI OXOJIOKEHHS:
1 rpan/xB 1o —80°C 3 HACTYITHUM 3aHYPEHHSIM Y Pil-
Kkuid a30T Ta Bigirpisom mpu 37°C [28, 47]. Temmne-
parypa TpUBAJIOrO HM3BKOTEMIIEpPAaTypHOro 30e-
piraHHA B pimkoMy a3oTi BapitoBana Big —150 mo
—196°C (B Mexax ra3oBoi abo pimkoi ¢a3u a3ory)
[35, 79].

OcTaHHIM YacoOM aKIIEHTYEThCS yBara Ha Iep-
CIIEKTUBHOCTI BHKOPUCTAHHS B IMyHOTEparii paky
Kpiomikporonok 3 imynHumu K [16], siki MoxkHa
30epiraru sik 3a —80°C, Tak i 3a —196°C. Bakiuna-
uist imyaaumu K, HaBaHTa)XKeHUMH OBaJIbOyMIHOM
3 BUKOPHCTAaHHSM KPiOMIKpOTOJIOK, Ma€ Oifbll TO-
TYXXHY aHTHI'€H-CIIEIU(IYHy IMyHHY BIATOBIIb IO-
PIBHSIHO 3 MiIKipSHOIO 200 BHYTPIITHHOBEHHOIO.

P. Lewalle Ta cmiBaBr. [48] mpomeMoHCTPY-
Balld, IO 3aMOPOXYyBaHHS-BIATaBaHHS HE 3MIHIOE
(denotun Ta ¢yskiito iMmyaauX K, X049a B poOOTI
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cytoplasmic ratio and a smaller number of
mitochondria, due to which they consume oxygen
more slowly compared to mature DCs obtained
from them, which implies the use of different
conditions for their effective cryopreservation.

To date, a single protocol for cryopreservation
of immune DCs has not been developed. In existing
protocols for cryopreservation of immune DCs
for clinical use, at least 5% DMSO, hydroxyethyl
starch, serum or blood plasma are applied [28].
In the paper of P. Shinde et al. [79] the possible
introduction of glucose or trehalose into the me-
dium for cryopreservation was indicated. Thus,
immune DCs frozen in the presence of DMSO
and trehalose were less prone to apoptotic death
compared to immune DCs cryopreserved with
the addition of DMSO alone.

The opinion of most researchers regarding
the ‘loyalty’ of the program of cryopreservation
of mononuclear cells, monocytes and immature
DCs to —196°C coincides with the need to use
a slow cooling rate in these programs: 1 deg/min
to —80°C followed by immersion in liquid nitro-
gen and re-warming at 37°C [28, 47]. The tempe-
rature of long-term low-temperature storage in
liquid nitrogen varied from —150 to —196°C (within
the gas or liquid nitrogen phase) [35, 79].

Recently, attention has been focused on the
prospects of using cryomicroneedles with immune
DCs in cancer immune therapy [16], which can
be stored both at —80 and —196°C. Vaccination
with immune DCs loaded with ovalbumin using
cryomicroneedles has a more potent antigen-specific
immune response compared to subcutaneous or
intravenous introduction.

P. Lewalle et al. [48] demonstrated that freeze-
thawing did not change the phenotype and function
of immune DCs, although in the work of Q. Zhou
et al. [101] the cryopreservation was shown to
change the homing ability of immune DCs and
the implementation of their inherent functions.
That is, cryopreservation can really be a tool for
managing the structural and functional state of
various cells [3, 47]. This opens up prospects for
the formation of various types of DCs ‘to order’.

Etiopathogenesis of autoimmune diseases, the
role of stress. Post-traumatic stress disorder (PTSD)
is the consequence of the human body being under
significant psycho-emotional stress. The immune
system is very sensitive to stressors, therefore,
as a rule, PTSD is accompanied by increased
development of autoimmune diseases (AIDs) [3,
61, 82]. The results of surveys of participants
in various US wars confirm the relationship bet-

npo6nemu Kpiobionorii i KpiomeaUUMHN
problems of cryobiology and cryomedicine

Tom/volume 33, N%/issue 2, 2023



Q. Zhou Ta cniBaBr. [101] moka3zaHo, 110 KPiOKOH-
CEpBYBaHHsI NPU3BOAMTH 0 3MIHM 3IaTHOCTI iMyH-
Hux JIK 1o xomiHry Tta peamizaiii mpuTaMaHHHX
iM ¢yskmiid. ToOTo, KpioKOHCEpBYBaHHS JIHCHO
MOXKe OyTH IHCTPYMEHTOM YTPAaBIIHHA CTPYKTYp-
HO-(QYHKITIOHAJIbHUM CTAHOM pPI3HHX THIIB KIITHH
[3, 47]. Lle BimkpuBae mepcreKTHBH (HOpPMYBaHHS
pizanx tumiB K «mig 3aMOBICHHY.

Emionamoeene3  aymoiMyHHUX — 3ax60pioGaHy,
poavb cmpecy. Hacnigkamu nepeOyBaHHS OpraHizmy
JIOMUHA B YMOBaX CyTTEBHX ICHXOEMOIIMHUX Ha-
BaHTAXEHb € MOCTTPaBMaTUYHUI CTPECOBUI pO3J1ajl
(IITCP). ImyHHa cuctema Jqyke 4yTiauBa A0 CTpe-
COpPHOTO BIUIMBY, ToMY, sk npasuio, [ITCP cynpo-
BO/DKY€ETBCS IMIABHUILICHHSIM PO3BUTKY ayTOIMyHHHX
3axBoptoBanb (AlI3) [3, 61, 82]. Pesynasratn oOcTte-
KeHb y4acHHKIB pizHuX BiftH CHIA migTBepmKy-
10T 3B’5130K Mk IITCP i nexinbkoma tunmamu Al3
(peBMaTOIMHUM apTPHUTOM, TICOPia30M, PO3CISTHIM
CKJIEpO30M 1 CHCTEMHHM 4Y€pBOHUM BOBYakoM) [61].
LlikaBuM € Toit (pakTt, o Konu mamiedtu 3 [ITCP
y TEpUIMA PiK Micas BCTAHOBJICHHS J{IarHO3y MPHii-
MaJld TpenapaTd TPynH iHTIOITOPIB 3BOPOTHBHOTO
3aXOIUICHHSI CEPOTOHIHY, TO PU3UK pO3BUTKY Al3
3HIKYBaBcs [82], MIATBEPIKYHOUYH B3aEMOpETY-
msuito B HIEB. TpuBane mepeOyBaHHS B yMOBax
CTPECOPHOTO CTaHy BHKJIHMKA€ 3HWKCHHS PIBHA
TOPMOHY KOPTH30IY, IKHH BOJIOJIE iMyHOMOIYJIOIO-
YOI aTHBHICTIO, Ta €KcIpecii MIIOKOKOPTUKOIAHUX
perenTopiB, OOYMOBITIOIOYH 3aroCTpEeHHS Tepediry
AI3 a0 mimBUIIEHHS CXMIBHOCTI IO PO3BUTKY TTOMIO-
nux maronoriii [82]. Ilpu IITCP BimOyBaeThcs mif-
BUIIICHHS PIBHSI MPO3aNIbHAX [UTOKIHIB 1 TPAHCKPHII-
uii HykseapHoro ¢axropa kKB (NF-«xB) [62], w0 € o3Ha-
KaMH PO3BHUTKY ayTOIMyHHOI natosorii [47].

Piznomanitrss AI3 Bpaxkae, a temnm iX po3-
MOBCIOMKEHHSI TypOyroTh. AYTOIMYHHI 3aXBOpIO-
BaHHs, OCOOJMBO Ha TOYATKOBHX e€Tamax pPO3BHT-
Ky, HE MaloThb SIKHXOCh CYTT€BUX O3HaK. Cnan-
KOBa CXWJIBHICTh 1 Jesika CyKYITHICTh 3OBHIIIHIX
(bakTopiB BHcTymatoTs y poni TpurepiB Al3. Etio-
[IaTOTeHE3 LMX 3aXBOPIOBaHb [JO TEMEPilIHbOIO
yacy 3aJIMIIAETbCA O KIHLSA HE3 SICOBAaHMM, XO4a
3arajJioM BiH MOB’SI3aHAM 3 aKTHUBALIECIO BIAMOBIII
cyocrpariB imyHHOi cuctemu (IKK, antuTin Tomio)
Ha aHTHI'CHH BIAcHOrO opranizmy. OcTaHHIM dYa-
COM CTpec 1 CymyTHI 3 HHM pO3Jaad IOB’s3Y-
10T 3 posButkoM Al3 [82]. Haampomykuis rop-
MOHIB  HEHPOCHIOKPUHHOI JIaHKH B  YMOBax
Ha/IBaYKKOTO CTpPECy € TPUIepOM MOPYLICHHsS cTa-
HY IMyHHOI CHCTEMH, LI0 3PEIUTOI0 MPHU3BOIUTH JI0
po3Butky Al3 [82].

Cman  imynnoi cucmemu nicis — po3GUMKY
aymoiMyHHUX 3axeoproéansb. KIacMIHUMHU TimoTe-
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ween PTSD and several types of AIDs (rheuma-
toid arthritis, psoriasis, multiple sclerosis, and
systemic lupus erythematosus) [61]. Interestingly,
when the patients with PTSD took serotonin reup-
take inhibitor drugs in the first year after diagnosis,
the risk of AlDa was reduced [82], confirming
interregulation in NIEB. Prolonged exposure to
stressful conditions causes a decreased level of the
hormone cortisol, having an immune modulatory
activity, and the expression of glucocorticoid re-
ceptors, leading to an exacerbation of AIDs or
a rise the tendency to develop similar pathologies
[82]. In PTSD, there is an increased level of pro-
inflammatory cytokines and the transcription of
nuclear factor kB (NF-xB) [62], which are the
signs of autoimmune pathology development
[47].

The diversity of AIDs is impressive, and the
pace of their spread is disturbing. AIDs, especially
at the initial stages of development, do not have
any significant signs. Hereditary predisposition
and some combination of external factors act as
triggers of AIDs. The etiopathogenesis of these
diseases is still not completely clear, although it
is generally associated with the activation of the
response of immune system substrates (ICCs,
antibodies, efc.) to the antigens of the body. Re-
cently, stress and associated disorders have been
associated with the development of AIDs [82].
Overproduction of hormones of the neuroendo-
crine link in conditions of extreme stress is a
trigger for a disordered state of the immune system,
which ultimately leads to the development of AIDs
[82].

Immune system state during autoimmune
diseases. The existence of molecular mimicry
due to the presence of similar epitopes of foreign
and self-antigens, polyclonal activation of T- and
B-lymphocytes to bacterial polysaccharides, viru-
ses, adjuvant effect of the microenvironment, efc.
are considered classic hypotheses of AIDs patho-
genesis [11].

One of the hypotheses of AIDs development
is also the spread of the spectrum of immunogenic
epitopes due to the modification of the quaternary
structure of the body’s own proteins. The reason
for this may be the chronicity of inflammation
and superproduction of reactive oxygen species
due to the ‘cytokine storm’, which, for example,
was observed in COVID-19 [4]. A significant
breakthrough in understanding the pathogenesis
of AIDs was the determination of the role of
Tregs in maintaining tolerance to self-antigens [72].
These cells produce anti-inflammatory cytokines
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3aMu marorene3y Al3 BBaXKatOTbCsl iCHYBaHHsI MoJie-
KyJSIpHOi MiMiKpii, 00yMOBJIEHOI HASBHICTIO aHaJO-
TYHUX CMIiTOMNIB YY)KOPiJHUX 1 BIACHUX aHTUICHIB,
moJlikJIoHapHa aktuBaiis T- i B-mimdorurie Ha
OaxTepianbHI TOJicaxapuay, BipycH, aj FOBAaHTHUH
edexT mikpooTodeHHs TOIO [11].

Opniero 3 rimore3 po3BUTKy Al3 Takoxk € 10-
IIUPEHHS CHEKTPY IMYHOT€HHHUX eIiTOMIB BHACIHIi-
JOK Moaudikaliii 4eTBEPTUHHOI CTPYKTYypH Bjiac-
HUX OinKiB opraHizmy. [IpHYMHOIO HOTO MOXKE
OyTH XpOHI3allisl 3amajJibHOTO MPOIECY 1 CyNeprpo-
YKL aKTHBHUX (POpM KUCHIO, 0OYMOBJICHUX «IIU-
TOKIHOBHM IITOPMOM», 110, HAalpHKJIaa, CIOCTe-
piranocs B ymoBax COVID-19 [4]. IctoTHUM
[IPOPUBOM po3yMiHHS naroreresy Al3 crano BusHa-
yeHHs pom Tper y WATPUMII TOJIEpaHTHOCTI
no BimacHuWX aHTHre”iB [72]. Lli xmitmHEM TIpo-
IyKyIOTh TpoTu3amanbHi mutokiam (1J1-10, 1JI-35,
Tpanchopmyrounii poctoBuii ¢dakrop B (TPD-P),
galectin-1) abo Oe3mocepenHbO iHTIOYIOTH edek-
TOPHI KIITHHMA UUISIXOM TPOAYKIil Tpansumy B
i mepdopuniB. Jns OGararbox AlI3 momuam Ta
IX EKCHEpPUMEHTAJIbHUX MOJENIEW y TBapUH Xapak-
TepHe 3HWKEHHs KinbkocTi Tper Ta/abo ix cympe-
copuoi ¢ynkuii [2, 72]. BBaxaerbcs, IO SIK MpH
iHimianii, Tak i1 po3BUTKy Al3 cnocrepiraerbes
mucbanaHc KUTBKOCTI abo (yHKIIT aHTHUIIOJHHX
cyonomymsiiin Tx17 Ta Tper [59]. B ocransiii gac
BYEHI IHTEHCHBHO JOCII/DKYIOTh TOPYIICHHS eIlire-
HETHUYHOI peryisiii TpaHCKPHUIIii TeHIB y KIITHHAX
mpu Al3 [54]. ¥ po6oti Y.S. Kim Ta cmiBasT. [40]
BUBYAIH POJIb CHUTHAJBHOTO MeJiaTopa — 3anallb-
HOTO iHIyKOoBaHOTO xojogoM PHK-3B’s3yrodoro
oinka (Cold-inducible RNA-binding protein), sikuii
3’SBIAETbCA i Yac PI3HUX CTPECOBHX BILIUBIB,
BUKOHYIOUHM (YHKIIO LIallEpoOHy Yy 3a0e3medeH-
Hi TpaHCysnii OUKIB. AKTHBHY POJIb y MiATPUMII
3anasieHHst 'y xBopux Ha Al3 Bimirparore Makpo-
(baru 3 BUCOKOIO CTIHKICTIO JI0 allONTO3Y, CIIPHUSIIOUN
TUM CaMHUM TOJOBXKEHHIO 1MyHO3alajJbHOIO Ipo-
necy [3], Ta mHarypameHi Kimepu — CDI16%,
CD56%, mo mnpoayKyloTh IIBWINECHI piBHI 3a-
maneHux  1JI-22 1 QakTtopy HEKpo3y KIITHH
(OHII-0) B cunoBianbHiN piguHi. [nenTudikaris
OiomapkepiB Al3 € akTyanbHUM Cy4acHHM HampsiM-
KoM BHBYCHHS eriomatoreHedy Al3. Oxpim Bxke
BIJIOMHUX aHTUTIJ JIO TENTUIY LUTPYIiHY, KU €
MPOIYKTOM POILICIJICHHS AapriHiHy, y CHpOBAaTIi
KpPOBI XBOpPHX Ha PEBMAaTOiMHHN apTPUT BUSBICHI
aHTUTIA 10 KapOaMinboBaHWX OiNIKIB, SIKI MaroTh
Olnbin BUCOKY creuudiunicts [65]. BcranosieHo,
mo N-rimikaau IgG y cupoBarii kposi monuHu [20]
OB’ s[3aHi 3 MPO3aIaibHOI0 aKTUBHICTIO aHTHTIJI.

OcTaHHIM YacoM CYTTE€BO 3pOCia yBara IIOJO
poii ToneporenHnx JIK B perymsmii iMyHO3amaib-
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(IL-10, IL-35, TRF-B, galectin-1) or directly
inhibit effector cells through the production of
granzyme B and perforins. A decrease in the number
of Tregs and/or their suppressive function is
characteristic for many AIDs in humans and their
experimental animals [2, 72]. An imbalance in
the number or function of antipodal Tx17 and
Treg subpopulations is believed to be observed
both during the initiation and development of AIDs
[59]. Recently, scientists have been intensively
investigating the disordered epigenetic regulation
of gene transcription in cells with AIDs [54].
Y.S. Kim et al. [40] studied the role of a signal
mediator, i. e. the inflammatory cold-inducible
RNA-binding protein, which appears during va-
rious stress effects, performing the function
of a chaperone in ensuring protein translation.
Macrophages with high resistance to apoptosis
play an active role in maintaining inflammation
in patients with AIDs, thereby contributing to the
prolongation of the immune inflammation [3], and
natural killers — CD16*, CD56", producing the
increased levels of inflammatory IL-22 and TNF-a
in synovial fluid. Identification of AIDs biomarkers
is a relevant modern direction of studying the
etiopathogenesis of AIDs. In addition to the
already known antibodies to the citrulline peptide,
being a product of arginine cleavage, antibodies
to carbamylated proteins, which have a higher
specificity, were detected in the blood serum of
patients with rheumatoid arthritis [65]. It has
been established that IgG N-glycans in human
serum [20] are associated with the pro-inflamma-
tory activity of antibodies.

Recently, there has been an increasing atten-
tion to the role of tolerogenic DCs in the
regulating of immune inflammation in AIDs, in
particular, suppression of the immune response
[57]. Isolated ex vivo tolerogenic DCs express
membrane markers CD14, CD16, CDI141 and
CD163, have a unique profile of anti-inflamma-
tory cytokines and a high IL-10/IL-12 ratio. To-
lerogenic DCs contribute to the maintenance of
the state of tolerance in the periphery using se-
veral mechanisms, in particular through the pro-
duction of indoleamine-2,3-dioxygenase (IDO),
heme oxygenase-1, IL-10, TRFpP, which inhibit
activated T-cells, inhibit their proliferation and
transform naive T-cells on Treg. The need for a stra-
tegy of tolerance formation in AIDs with the
involvement of tolerogenic DCs as a component
of adoptive therapy determines the impor-
tance of expanding the sources of their ac-
quisition and developing methods of their gene-
ration.
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HUX TpoueciB npu Al3, 30kpema NpuUrHIYYBaHHI
iMmyHHOT Bignosini [57]. Bunineni ex vivo Tonepo-
renHi JIK ekcnpecyrots MemOpanni mapkepu CD14,
CD16, CD141 ta CD163, MatoTh yHIKaJIbHUAW MPO-
(bins MpoTH3anaNbHUX ITUTOKIHIB 1 BHCOKE CITIBBiJI-
vomenas 1JI-10/1J1-12. Tomeporemni K crpus-
FOTh MIATPUMIII CTaHY TOJICPAHTHOCTI Ha Tmepudepii
3a JIOTIOMOTOIO0 JIEKITPKOX MEXaHi3MiB, 30KpemMa
HUISXOM  TPOAYKIT  1Hm0IaMiH-2,3-THOKCUT€HA3H
(110), remokcurenasu-1, 1JI-10, TPDP, ski iHridy-
I0Th aKTUBOBaHiI T-KIITHHH, TPUTHIYYIOTH iX MPOJTi-
(epaiiito Ta TEPETBOPIOIOTh HAiBHI T-KIITHHU Ha
Tper. HeoOximnicTh cTpaterii ¢GopMyBaHHS ToOJe-
pantHocTi mpu Al3 3a ywactio ToneporenHux K
y BUDIAJI KOMIIOHEHTa aJONTHBHOI Teparii o00y-
MOBJIIOE€ BayKJIMBICTh PO3IIMPEHHS JXKepen iX OTpu-
MaHHS Ta PO3pOOKH CIIOCO0IB TeHepyBaHHS.

Cyuacui nioxoou 0o nixkyeanus AI3. JlikyBaHHS
Al3 3anmumraeTscsi OfHIEI 3 HAHUOUTBII aKTyaJbHHUX
po0JieM MEIUIIMHY. 3arajibHa IMyHOCYIIPECis 3a11o-
Oirae mporpecyBaHHIO ayTOIMyHHUX peakIliii, OqHaK
CYNPOBOIKYETHCSI PH3UKOM PO3BHTKY OHKOJIOT1YHUX
ta iHpekiiHux 3axBoproBaHb [92]. JlificHo, 3acTo-
CyBaHHs IpPH PEBMATOINHOMY apTpUTI Npemnapary
0asucHoi Teparmii «Metorpekcary» (Papmaxemi b.B.,
I3paine) migBHIy€e KUIBKICT i CyNpEecOpHY aKTHB-
Hicte Tper. Ilpu mpbOMYy NPUTHIYYETHCS TPOILYKILiS
npo3ananpaux 1uToKiHIB (PHII-0, 1JI-6, IJI-1PB,
JI-17 Tomo). Ommak Tepamist «MeToTpeKkcaToM»
pIOKO TIPUBOIUTEL IO CTIMKOTO IOKPAICHHS CTaHY
narieHTiB 3 AI3 1 moBHOI BiIMOBH BiJ MEIHKAMEH-
TiB [32]. Momnotepanis «MeTOTpeKkcaToM» MOXKE
OyTH TIOCWJIEHA IUIIXOM IPOBEICHHS KOPOTKOTO
KypCy JIKyBaHHSl TJIIOKOKOPTHKOIIaMH y HHU3BKHX
J103ax, ajie 1 B IbOMY BHIIaJIKy MOXJIMBI HeOakaHi
e(eKTH: MPOrpecyBaHHsS OCTEONOPO3y, PH3UKH PO-
3BUTKY 1H(EKUIHHUX, CEeplLEeBO-CyANHHHUX YCKIal-
HEHb.

Jlo pocrioBcromkeHnX MeTofiB JikyBaHHS Al3
TaKOX BITHOCATH 3aCTOCYBaHHS OJIOKaTOpiB TIPO-
3amaJbHUX [HUTOKIHIB. Hampuxman, iHQIikcnMao,
KWW SBISIE COO0I0 XUMEPHI MOHOKJIOHAJIbHI aHTH-
tina 7o ®HII-a ta iHTiOye Horo cuHTE3, MOXKE IPH-
3BECTH JI0 30UIBIICHHSI PU3UKY 1H(PEKIIH 1 3OSKICHUX
HoBOyTBOpeHb [73]. JlikyBanHsi Al3 BHyTpilIHROBEH-
HUM imyHoroOyninom (IVIg) yckiamHroeTses iioro
JIOPOTOBAPTICTIO Ta OOMEKEHOIO KiJIbKicTIO [60].

B ocraHHI pOKM aKIEHTYETbCS yBara Ha MOXK-
auBOCTI iHaykmii Ta mocuienHi ¢ynkuii Tper
in vivo 3a JIOTIOMOTIOI0 AAypHUHOJA, SIKUM 30aTHHUM
inaykyBaru nemetmmtoBanHs JIHK y mpomotopHiit
nminsgani reHa Foxp3 B Tper-kmituaax. Jlns migBu-
meHHsT (YHKIIIOHAJIBHOI cTabimbHOCTI Tper 3acTo-
COBYIOTBHCSI TaKOX TEXHOJIOTII, 10 BKIIIOYAIOTh pe-
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Modern approaches to AIDs treatment. Treat-
ment of AIDs remains one of the most urgent prob-
lems of medicine. Although general immune
suppression prevents the progression of autoimmune
reactions, it is accompanied by the risk of deve-
loping oncological and infectious diseases [92].
Indeed, the use of the basic therapy drug
‘Methotrexate’ (Pharmahemi B.V., Israel) in rheuma-
toid arthritis increases the number and suppres-
sor activity of Treg. At the same time, the pro-
duction of pro-inflammatory cytokines (TNF-a,
IL-6, IL-1B, IL-17, etc.) is inhibited. However,
‘Methotrexate’ therapy rarely leads to a stable
improvement in the condition of patients with
AlDs and complete rejection of medications [32].
Although ‘Methotrexate’ monotherapy can be enhan-
ced by conducting a short course of treatment with
glucocorticoids in low doses, even in this case
undesirable effects are possible: progression of
osteoporosis, risks of developing infectious and
cardiovascular complications.

The use of pro-inflammatory cytokine blockers
is also a common treatment method for AlZs.
For example, infliximab, which is a chimeric
monoclonal antibody against TNF-a and inhibits
its synthesis, may lead to an increased risk of
infections and malignancies [73]. Treatment of
AIDs with intravenous immunoglobulin (IVIg)
is complicated by its high cost and limited availa-
bility [60].

Recently an attention has been focused on the
possibility of inducing and enhancing the function
of Treg in vivo with the help of daurinol, which
is able to induce DNA demethylation in the pro-
moter region of the Foxp3 gene in Treg cells. To
raise the functional stability of Treg, there are
also used the technologies, including editing
their genome using RNA-guided endonucleases
(CRISPR/Cas-9 technology) [71]. Currently, other
types of cells with a suppressive function are being
studied, in particular, immature cells of myeloid
origin and regulatory macrophages, tolerogenic
DCs acting through IDO, IL-10, TRF-f and ca-
pable of inhibiting activated T cells, suppressing
their proliferation and converting naive T — cells
to Treg.

The multifactor nature of AIDs development
explains the difficulties not only in their diag-
nosis, but also in their treatment. Disorders of the
mutual regulatory activity of various populations
and subpopulations of ICCs, deviations from the
physiological level of pleiotropic cytokines pro-
duced by them, can significantly distort the func-
tional properties of NIEB. Therefore, the use of
cell and tissue therapy drugs with suprasystemic
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JaryBaHHs iX reHoma 3 BukopuctanHsM PHK-xepo-
BaHuX eHjaonykiea3 (texnomorist CRISPR/Cas-9)
[71]. Ha tenepimHiii 9ac JOCTiKYOTHCS 1HII THITH
KIIITHH 3 CYNPECHBHOIO (YHKIII€I0, 30KpeMa He3pii
KIITUHU MI€JIOITHOTO TOXO/PKCHHSA Ta PEryssiTop-
Hi Makpodarm, Toieporenni K, mo ifoTe depe3
110, UI-10, TPD-B i 3maTHi iHTiIOyBaTH aKTUBOBaHI
T-ximiTHHY, TPUTHIYYBATH iX mpodidepariro Ta nepe-
TBOpIOBAaTH HaiBHI T-KmiTuHM Ha Tper.

MynbsrudakTopHicTh po3BUTKY Al3 3yMoBIIOE
TPYIHOIII HE TIIbKKM TXHBOI JIIaTHOCTUKH, aJie 1
nikyBaHHsI. [lopylieHHs B3a€MOPETy/II0I040i aKTHB-
HOCTI pi3HUX momyssiuii 1 cyonomymsiuiid IKK, Bin-
XHWJICHHS BiJ (Di310JIOTIYHOTO piBHS TUICHOTPOIHUX
LUTOKIHIB, 110 BOHU MPOAYKYIOTb, MOXKYTh CYTTEBO
cnoTBoproBaTH (QyHKIioHambHI BiactuBocti HIEB.
Tomy mra xopekmii cuctem HIEB mepcrnekrnBHUM
Mo)ke OyTH BHKOPHCTAHHS IIpernapariB KIITHHHOT
Ta TKAaHWHHOI Teparii 3 HaJICHCTEMHOIO Peryis-
miero [13].

Buxopucmanua monepocennux J[K y mepanii

AI3. KniniyauM BUNpoOyBaHHSM TodeporeHHux JIK
nepeayBaiy JOCTI/DKSHHSI Ha EeKCIIEPUMEHTaIbHUX
MOJICTISIX PEBMATOiTHOTO apTPHUTY, XBOPOOU «TpaHC-
IJTAaHTaT MpOTH XaszsdiHay Touio [84]. Came pesynb-
TaTl EKCIEPUMEHTAIbHUX JOCHIHKEHb JI03BOJIMIH
MEePeTH A0 KIIHIYHUX BUIPOOYBaHb TOJEPOTSHHHX
JK 3 MO3UTHBHUMH pe3yJabTaTaMu JIIKyBaHHS LIyK-
poBoro miabera I tumy, xBopobu KpoHna, peBma-
TOIJHOTO apTPUTy Ta PO3CiTHOro ckiepo3y. bara-
TO JOCHIAHUKIB 1 KIIHIIYCTIB BBa)KalOTh, 1[0 X04a
Teparmisi Ha OCHOBI ayTOJOTIYHHX TOJIEPOTCHHUX
JK, orpumanux ex vivo, nopora i morpeOye Oara-
TO yacy, ii mepeBara IMojsira€ y TapreTHOMY BILIHBI
toneporennux JIK Ha ayropeaktuBHi T-xmituHH
3 OJHOYACHOK iHayKuier (opmyBanHs Tper [84].
[Ipu upoMy BKpail BXXJIMBHM € MUTAHHS PO3MINPEH-
HSl JDKEpeN OTPUMAaHHS MOIEPEJHUKIB TOJEPOreH-
nux K, a came, MOHOHYKJIEApHUX KJITHH, MOHO-
nuTiB miepudepruaHoi KpoBi a00 KiCTKOBOTO MO3KY.
[ToTeHIITHUM JDKEpETIOM OTPUMAaHHS TOJIEPOTCH-
aux JIK mms xmitaHHOT Teparii Moke OyTH KOpaoBa
kpoB (KK) [66, 68]. 3aznaueno, mo JIK 3 KK Buss-
JSIIOTH OUTBIN He3piauid (QEeHOTHIT 1 MaroTh 3HWKE-
HYy 3JaTHICTh J0 MPOAYKIi 3amaJibHUX IUTOKIHIB
OHII-a i I®H-0, HiX OoTpuMaHi 3 TepUPEpHUIHOT
KPOBI JIIOAWHH, TIPOTE OiNIbII €(PEeKTUBHO THIAYKYIOTb
Tper.

BaxxnuBe 3HaueHHS B OWIHII (DyHKI[IOHATHHHUX
BIACTHBOCTEH oTpuMaHux ex vivo JIK Mae inen-
tudikallis GioMapkepiB, IPUTaAMaHHUX CaMe TOJIepO-
reaanM JIK. [l HUX XapakTepHi HU3bKa €KCIIpecis
koctumyistopaux (CD80, CD86, CD83) i MHC
Motekyn, migBumieHa ekcrpecis CD11b-momexymu
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regulation may be promising for the correction
of NIEB systems [13].

Use of tolerogenic DCs in therapy of AIDs.
Clinical trials of tolerogenic DCs were preceded
by studies in experimental models of rheumatoid
arthritis, graft-versus-host disease, efc. [84]. The
very the results of experimental studies enabled
to proceed to clinical trials of tolerogenic DCs
with positive results in treatment of Diabetes
type I, Crohn’s disease, rheumatoid arthritis, and
multiple sclerosis. Many researchers and clinicians
believe that although therapy based on autologous
tolerogenic DCs obtained ex vivo is expensive
and time-consuming, its advantage is the targeted
effect of tolerogenic DCs on autoreactive T cells
with the simultaneous induction of Treg formation
[84]. At the same time, it is extremely important
to expand the sources of obtaining precursors
of tolerogenic DCs, namely, mononuclear cells,
monocytes of peripheral blood or bone marrow.
A potential source of obtaining tolerogenic DCs
for cell therapy can be cord blood (CB) [66, 68].
It is noted that DCs derived from CB reveal a more
immature phenotype and have a reduced ability
to produce inflammatory cytokines TNF-a and
IFN-a, than those obtained from human peripheral
blood, however, more effectively induce Treg.

Identification of biomarkers specific to tole-
rogenic DCs is important in assessing the functional
properties of ex vivo DCs. They are characterized
by low expression of co-stimulatory (CD80, CD86,
CD83) and MHC molecules, increased expression
of CDllb-molecule of the integrin class [95].
The prime  transcriptional marker formed in
DCs under the influence of glucocorticoids and
determining their tolerogenicity is a protein known
as glucocorticoid-induced leucine zipper (GILZ)
[14]. Its anti-inflammatory activity is realized
through the inhibition of the function of transcrip-
tion factors: activating protein-1, NF-xB, PD-LI,
which contributes to the increase in the production
of IL-10. It is crucial that the expression of the
transcription factor GILZ in DC is accompanied
by the induction of Treg with high expression of
the transcription factor Foxp3 [14]. In tolerogenic
DCs induced by ‘Dexamethasone’ (KRKA, MD,
Slovenia), an increased level of expression of the
idol gene, which forms immune tolerance due to the
activation of the suppressor link of immunity, was
observed [72].

It should be noted that the chain of wuse of cell
and tissue therapy in clinical practice requires the
cryopreservation of biomaterial for the purpose of its
storage and application as necessary [3, 55].

npo6nemu Kpiobionorii i KpiomeaUUMHN
problems of cryobiology and cryomedicine

Tom/volume 33, N%/issue 2, 2023



knacy iHTerpuHiB [95]. BaxnuBuM TpaHCKpUMLiK-
HUM Mapkepom, 1o ¢popmyerses y AK min BrmBom
[JIIOKOKOPTHKOIIB 1 BHM3HAYa€ iX TOJICPOTCHHICTb,
€ OUIOK, BiTOMUH $K TIFOKOKOPTUKOINI-iHIyKOBaHA
nefiuuHoBa 3actibka (GILZ) [14]. Moro npormsa-
najbHa aKTUBHICTh peasi3yeTbcs dYepes iHTiOIIio
(hyHKITIT TpaHCKPUMITIHHUX (HaKTOPiB: aKTUBYIOUOTO
nporeiny-1, NF-kB, PD-L1, mo crnpusie 30inbmeH-
uto npoaykuii 1JI-10. CytreBo, 1m0 exkcnpecis TpaHc-
kpurnuiiiHoro dakropa GILZ y JIK cynpoBoKy€eThCsI
iHayKiieto Tper 3 BUCOKOIO EKCIPECi€r0 TPAaHCKPHUTI-
uifinoro ¢dakropa Foxp3 [14]. Y ToneporeHHHX
JK, innykoBanux «Jlexkcamerazonom» (KPKA, m.i.,
CroBenist), cnocrepiraBcs MiABUIICHUN piBEHb
excnpecii reHa idol, sxwii popMye IMyHHY TOJIE-
PaHTHICTb 4Yepe3 AaKTUBALiI0 CYNPECOPHOI JIAHKU
imyHitery [72].

Crmig 3a3HAYATH, IO BUKOPUCTAHHS KIIITHH-
HOI Ta TKAaHWHHOI Tepamii y KIHIYHIA MpaKTh-
ui morpedye eTamy KpiOKOHCEpBYBaHHS Oioma-
Tepialy 3 METOI HWOro 30epiraHHs i 3aCTOCYBaHH:I
3a HeoOximHicTio [3, 55].

3actocyBaHHs ayTonoriunux Tper, chopmoBa-
HUX ex Vivo, € OIHUM 3 Cy4YacHHX HamlpsIMKiB iMy-
Hokopekiii AlI3 [23]. Onnax indopmarii om0
KpiokoHcepByBaHHsI Tper Hebarato, a pe3ylnbTaTH
X JOCIIHPKCHD HE 3aBKIU OJHO3Ha4YHi [23].

BaxnuBuM € muTaHHS, sIKe IIOB’s3aHE 3 Kpio-
KOHCEPBYBAaHHSIM Ta BHUKOPHUCTAHHSAM Yy IIporpaMax
teparii AI3 Toneporennmnx JIK. Hanpuknan, y po-
6oti L. Usero Ta crmiBaBT. [87] mMpoaeMOHCTPOBAHO
Oinpinry gymmmBicTe ToneporeHnnx JIK mo 3amopo-
JKYBaHHS-BIJIrPpiBaHHsI, HIXX MOHOHYKJIEapiB Iepu-
(bepuvHOi KpOBi, 3 SIKUX X OTPUMYIOTh. Taka pi3Ha
KpiOWyT/IHMBICTh MOXKe OyTH OOyMOBIIEHA pi3HUM
BUXITHUM CTPYKTYpHO-(QYHKIIOHAJIBHHUM CTaHOM
nux Kaitad [3]. Buxomsuu 3 mboro, AesKi JOCIIJI-
HUKU HAJaloTh TEpeBary KpiOKOHCEPBYBAHHIO MO-
HOHYKJICApiB Ta MOAAJBIIIN reHepamii 3 HUX ex vivo
toneporenHnx JIK [47]. bimpm Toro, orpumani
3 KpIOKOHCEpBOBaHMX MOHOHYKJIeapiB K wmamm
ITIBUINEHAN TOJEPOTEHHUI TIOTEHIlal ITOPIBHSIHO
3 HatuBHEUMH [IK 1 Oinmbmr eeKTHBHUMH B amoll-
TUBHIA Tepamii aja I0oBaHTHOTO apTpuTy. Takwmit
(deHoMeH Moke OyTH pe3yibTaTtoM ITIiBUIICHHS B
JK excrpecii ToneporeHiHAyIHOUIEHUX O1NIKIiB Te-
IJIOBOTO IIOKY 3 MOJEKYJsipHOlo Macoro 70 k/la
(Hsp70) ta rena GILZ. 3a IOMOMOIOK KpPiOKOH-
CEpBYBaHHS MOXKHA PETYJIIOBAaTH PiBEHb eKcIpecii
Hsp70 B JAK i 30inburyBatu ix TONEpOreHHUH TO-
TeHIian. Taki pe3ynbraTé € MigIpyHTSM Ui CTBO-
peHHs OaHKiB KpiokoHcepBoBaHuX JIK 3 MeToro TiKy-
BaHHs Al3.

o amrutihikaTopiB TOJIEPOTEHHOTO TMOTEHITIATY
JK Moxna BimHectn 1 neiikokonmenTpar KK mro-

npobnemwu Kpiobionorii i KpiomeanumHm
problems of cryobiology and cryomedicine

ToMm/volume 33, N%/issue 2, 2023

The use of autologous Tregs formed ex vivo is
one of the modern directions of immune correction
of AIDs [23]. However, there is little information
on the cryopreservation of Tregs for use in AIDs
therapy, and the results of these studies are not
always clear-cut [23].

A principal issue is related to cryopreservation
and use of tolerogenic DCs in AIDs therapy prog-
rams. For example, in the work of L. Usero et al.
[87] there was demonstrated higher sensitivity of
tolerogenic DCs to freeze-thawing than peripheral
blood mononuclear cells from which they are
obtained. Such different cryosensitivity may be due
to different initial structural and functional state
of these cells [3]. Based on this, some researchers
prefer cryopreservation of mononuclear cells and
subsequent generation of tolerogenic DCs from
them ex vivo [47]. Moreover, DCs obtained from
cryopreserved mononuclear cells had an increased
tolerogenic potential compared to native DCs and
were more effective in the adoptive therapy of
adjuvant arthritis. Such a phenomenon may be the
result of an increase in DC expression of tolerogen-
inducible heat shock proteins with a molecular
weight of 70 kDA (Hsp70) and the GILZ gene.
With the help of cryopreservation, it is possible
to regulate the expression level of Hsp70 in DCs
and increase their tolerogenic potential. Such
results are the basis for the creation of banks of
cryopreserved DCs for clinical use during the
treatment of AIDs.

Among the amplifiers of the tolerogenic potential
of DCs can be attributed the human cord blood
leukoconcentrate (HCBL) [4, 5]. It is known that
cord blood is a multi-structural and multifunctional
biological system, which, along with protein com-
ponents of plasma, contains a variety of nucleated
cells, in particular stem cells, Treg, etc. [5]. The endo-
and exoregulatory potential of cord blood is confir-
med by the identification of pro- and anti-inflam-
matory cytokines in it: IL-la, B, IL-2, IL-4,
IL-6, IL-8, IL-12, IL-10, GM-CSF, IFNa, IFNy,
TNFa, TREB, etc. [99]. For instance, IFN-y, which
is produced by cord blood mesenchymal stem cell,
promotes the formation of tolDCs with an increased
level of IDO expression and an increase in the Treg
population [12], and IL-10 ex vivo can promote
the formation of DCs with an immature phenotype
and resistance to maturation stimuli [41]. However,
it remains relevant to determine in experimental
studies the effect of cold on the ability of cell and
humoral components of CB to form highly functional
tolerogenic DCs and Tregs with the aim of their
further use in clinical practice during the treatment
of AIDs.
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muan (JIKKJI) [4, 5]. Bigomo, mo KK e Oararo-
CTPYKTYPHOIO 1 TONiQYHKI[IOHATBHOW Oiojoriu-
HOIO CHCTEMOI0, Yy SIKil TIOpsi/T 3 OLTKOBHMH CKJIaJI0-
BUMHU TUTa3MH MICTSTHhCS PI3HOMaHITHI SAPOBMICHI
KIIITUHY, 30KpeMa CTOBOYpOBi KIITHHH, Tper Tomio
[5]. Enmo- i1 exzoperymaropuuit norenmian KK miza-
TBEPIKYETHCS 1MCHTH]IKAIIE0 B HIA MPO- 1 TPO-
Th3amanbHux — murokimiB:  [JI-1o,B, DI-2, DI-
4, Ul-6, UI-8, 1I-12, 1JI-10, rparymomuTapHo-
MakpodaraibHUi  KOJOHIECTUMYIIOIOUU  (akTop
('M-KC®), intepdepon-a (IdHa), [®Hy, ®HIla,
TP®B Tomo [99]. Hampuknax, IOH-y, sxuit npo-
OYKyIOTh Me3eHXiMalibHi cToBOypoBi KiituHu KK,
cnpusie yrBopeHHto Toi/IK i3 migBUIEHUM piBHEM
excripecii [JIO 1 30inmpmennsm nomymsauii  Tper
[12], a DI-10 ex vivo Moxe copuatu (opmy-
BanHio [IK 3 He3pimuMm ¢deHoTHTIOM 1 CTIHKiCTIO
0 CTUMYIIB Jo3piBaHHS [41]. BTim 3ammmmaerscs
aKTyaJbHUM BU3HAYEHHS B €KCIIEPUMEHTAIbHUX J10-
CII/UKEHHSAX KpIOBIUIMBY HAa 3MaTHICTh KIITHHHHUX
i rymopanbaux komnoneHTiB KK ¢gopmysatu Brco-
ko(dynkuionanbHi ToneporenHi K i Tper 3 meroro
MOAANBIIOrO X BUKOPUCTAHHS B KIIHIUHIN Tpak-
TUI 171 JlikyBaHHS Al3.

Ponv cmpecy 6 emionamoeenesi 3axeopiogans
penpodykmusHoi cucmemu  4onosikie. HanOinbImn
yyTauBuUMU A0 cTpecy € cucteMu HIEB [82], sikomy
MiANOPSAAKOBAHO (PYHKIIOHYBaHHS PENPORYKTHBHOL
cucremn [15]. B ymoBax BO€HHOTO CTaHy aKIIEHT
TAaKOTO BIUTUBY 3MIIIYEThCS y OIK PETpPOTyKTUB-
Hoi cucremu 4onoBikiB. E. Carlsen ta cmiBaBT. [15]
HAroJIONIyBalld, IO CTPEC BUKIHMKAE 3HUKCHHS
CeKpelii TOHaJOTPOIHUX TOPMOHIB, SIKE MPU3BO-
T 0 MPUTHIYEHHS QyHKIIT craTeBux 3amo3. Jii-
CHO, 3HIDKCHHS SIKOCTi YOJIOBIUOi CIIEpMH B YMOBax
CTPECOPHOIO HAaBaHTAKEHHSI € HE3arepeuHUM (DaKTOM.

Kirouem n0 mopo3yMmiHHS BIUIMBY CTpecy Ha
YOJIOBIUYy PENPOAYKTUBHY (DYHKIIIO € CUMIIATOaIpe-
HajoBa Ta TiNoTaIaMo-TinodizapHO-HaTHUPHUKOBA
cuctemu, ski, 3a maaumu J.N. Flak Ta cmiBabT. [19]
BI/ITOBIIAlOTh 3a peajizaliio CTPECOBHX PEaKIIiH.
CyTT€BO, IO XPOHIYHUUA CTpEeC MOXKE TaabMyBa-
TH CHHTE3 TECTOCTEPOHY Ta MiJBHIIYBATH arolTo3
kiituH Jlelaira, oOyMOBIIOIOUN JUCHYHKIIIO CHC-
TEMU PelEeNnTopiB, OB’ s3aHux 3 G-01JIKOM, Ta MOIII-
KO/DKEHHSI TeMaTOTeCTUKYIsIpHOTO Oap’epa [21].
e ysromkyerbcs 3 manumu A.L. Juarez-Rojas Tta
crmiBaBT. [36], sKi 1HOYKyBadu cTpec y ILypiB 3a-
HYPEHHSIM y XOJOIHY BOLY 1 HiATBEpAMIM AaKTHU-
Ballil0 NUIAXIB alonTo3y y KIITHHAX CiM SHUKIB,
IO MPU3BOIUTH [0 3HIDKCHHS pIiBHS TecToCTe-
pOHY.

B ymoBax cTpecy NepBHHHI 3MIHH Yy CHMIIATO-
aJPEHAIOBI CHCTEMI BHKIIMKAIOTH TIOPYIICHHS HEH-
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Role of stress in etiopathogenesis of male
reproductive system diseases. The most sensitive
to stress are the NIEB systems [82], subordinated to
the functioning of the reproductive system [15]. In
military operations the emphasis of such influence
shifts towards the reproductive system of men. E.
Carlsen et al. [15] emphasized that stress causes a
decrease in the secretion of gonadotropic hormones,
which leads to suppression of the function of the
gonads. Indeed, it is an indisputable fact that the
quality of male sperm decreases in stressful con-
ditions.

The key to understanding the impact of stress on
male reproductive function is the sympathoadrenal
and hypothalamic-pituitary-adrenal systems, which,
according to J.N. Flak et al. [19] are responsible for
the implementation of stress reactions. Significantly,
chronic stress can inhibit testosterone synthesis
and increase apoptosis of Leydig cells, leading
to dysfunction of the G-protein-coupled receptor
system and damage to the blood-testicular bar-
rier [21]. This is consistent with the data of
A.L. Juarez-Rojas et al. [36], who induced stress
in rats by immersion in cold water and confirmed
the activation of apoptosis pathways in testicular
cells, which leads to a decrease in testosterone
levels.

Under stress, primary changes in the sym-
pathoadrenal system cause alterations in the
neurohumoral regulation of reproductive function.
Most hormones, neurotransmitters and biogenic
amines mediate the inhibitory effect of long-term
and short-term stress on sexual function, acting at
the brain level. In particular, adrenaline inhibits
the secretion of gonadotropic hormones, mediated
through the hypothalamus. Suppression of the
secretion of gonadotropins plays a significant role
in the mechanism of inhibition of the activity
of the spermatogenic epithelium by androgens [78].

The response to a short-term stress in men is
the release of testosterone, but chronic emotional
exhaustion significantly decreases its level, which
reduces sperm production, causes erectile dysfunction,
which led to impotence. The results of the work of
H. Lin et al. are important. [51], who showed that
immobilization stress induced suppression of the
expression of testosterone synthesis genes, which
was accompanied by a significant decrease in its level
in blood plasma.

It was found that ‘dexamethasone-loaded’ rats
had 10 times more apoptotic germ cells than control
animals [96]. Glucocorticoid receptor-mediated
apoptosis and inhibition of testosterone synthesis in
Leydig cells are considered to be the main mechanisms
of stress-induced impairment of spermatogenesis.

npo6nemu Kpiobionorii i KpiomeaUUMHN
problems of cryobiology and cryomedicine

Tom/volume 33, N%/issue 2, 2023



POTyMOpaIIbHOI perysslii PenpogyKTUBHOI (yHKIII.
Binburicte ropMoHiB, HelpoMeniaTopiB 1 O10reHHUX
aMiHIB OIIOCEPEAKOBYIOTh iHIIOYIOUy il0 TPUBAJIO-
ro Ta KOPOTKOYAaCHOTO CTPeCy Ha cTareBy (yHKIIIO,
JI0YM Ha piBHI MO3KY. 30Kpema, aJipeHaliH raJbMye
CEKpEeIIif0 TOHATOTPOITHUX TOPMOHIB, OITOCEPEIKO-
BaHy depe3 rimoramamyc. I[IpurHiYeHHS cekperil
TOHA/IOTPOTIHIB BiJ{irpa€e iCTOTHY pOJIb Yy MeXaHi3Mi
1HTIOIMIT aKTUBHOCTI CIIEPMATOTCHHOTO EITiTElNit0
aHnaporenamu [78].

Peaxmiero Ha KOPOTKOYACHHI CTpeC y YOJOBIKiB
€ BUKHJ] TECTOCTEPOHY, aje XPOHi3allis eMOIiHO-
ro BUCHa)XEHHS CYTTEBO 3MEHIIY€E HOTO PiBEHb, IO
3HWKYE BUPOOJICHHS CIIEPMHU, CIIPUYMHSIE EPEKTUIIb-
HY IOUCQYHKIIIO, 10 MPHU3BOAUTH JO IMITOTEHIIIi.
Baxxnusumu € pesynbratu podotu H. Lin Ta cmiBaBr.
[51], axi mokazamu, MO iMMOOLTIZaIifHUN CTpec
IHAyKy€e TPUTHIYEHHS eKcrpecii TeHIB CHHTE3y
TECTOCTEPOHY, 110 CYINPOBOUKYETHCS 3HAYHUM 3HU-
JKEHHSIM HOTO PiBHS Y IIa3Mi KPOBI.

BcranoBieHo, 1110 y 1IypiB 3 «IeKcaMeTa30HOBUM
HaBaHTaXeHHsIM» Oyio y 10 pasiB Oinblie anomnTo-
TUYHUX TEPMEHAJbHUX KIITHH, HI)X y TBapUH KOH-
TpoibHOI rpynu [96]. OmnocepenkoBaHui TITIOKO-
KOPTUKOIJHUMH PELENTOpaMH aronTo3 Ta iHrioimis
CHHTE3y TECTOCTEpOHY B KiiTHHax Jleiinira BBaxka-
IOTBCSI OCHOBHHUMH MeEXaHi3MaMu CTpec-iHIyKoBa-
HOTO MOpYLIEHHsS crepMarorenesy. KoHueHtpauis
TECTOCTEPOHY MOKE 3HIDKYBATHCS Y YOJOBIKIB ITiJT
4ac CTPECOBOIO HABAHTAKCHHs, 00YMOBJIEHOTO BOEH-
HAM CTaHOM a0o Oe3mocepeqHhOI0 yUacTio y 00io-
BHX JisiX [63].

Crpec-iHIlyKOBaHI TOPYIIEHHS CIEPMaTOreHE3y
MOB’SI3yIOTh TAaKOX 3 TEPEBHIICHHSIM KOHILIEHTpAIlii
MIPOJIAKTHHY 1 3MiHOIO OI0CHHTE3y aHJPOTEHIB LIIs-
XOM TaJlbMyBaHHS INE€PETBOPEHHSI TECTOCTEPOHY Ha
Horo axkTuBHY (opMy — S50-TUTiAPOTECTOCTEPOH.
Ile mpu3BOAMTH 10 3HMWKECHHS O1OJOTTYHOT aKTHB-
HocTi anxporeHiB. Kpim Ttoro, mpomaktua OJOKye
IIiI0 TOHAJOTPOMiHIB Ha crareBi 3ano3u [45]. Crpe-
COpHI CTaHM BHMCOKOi IHTEHCHBHOCTI 37]aTHI 30BCIM
3YNUHHUTH CIIEPMATOTeHe3, PO IO CBiI4aTh Kili-
HIYHI pe3ysbTaTH, a came, OIOTCis S€IOK JOJIOBIKIB,
aki mepeOyBanu B Takux ymoBax. Kmitmam Cep-
TOJII Ta CIEPMATOTOHIl € €IUHUMU THUIIAMU KJIITHH,
[0 3aJUIIAIKCSA Yy CIM’SIHUX KaHAJbISIX YOJIOBIKIB
IIPH NICUXOEMOIIHHIX HaBaHTAXKCHHSX [58].

Bnaue imynnoi cucmemu Ha penpoOyKmMueHy
cucmemy 4onogixkie 6 ymoeax cmpecy. CTpecopHi
(hakTOpU MOXKYTh YMHUTH OIOCEPEIKOBAHUHN BILTUB
Ha CTaTeBl KIITHHHU NUITXOM NPUTHIYECHHS 3arajib-
HOTO YH JIOKQJIBHOTO IMYHITETY 1 30iIbIIEHHS PH-
3UKy 1HQEKIIHHOTO YpaXKeHHS CTaTeBOi CHCTEMH.
BpaxoBytoun BaXJIUBY POJIh IMyHHUX Peakilii y ¢pop-
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The concentration of testosterone can decrease in
men during stressful situations caused by martial law
or direct participation in hostilities [63].

Stress-induced disorders of spermatogenesis are
also associated with an increased concentration of
prolactin and a change in the biosynthesis of androgens
by inhibiting the conversion of testosterone to its
active form — 5a-dihydrotestosterone. This leads to
a decrease in the biological activity of androgens. In
addition, prolactin blocks the action of gonadotropins
on the gonads [45]. Stressful conditions of high
intensity can completely stop spermatogenesis, as
evidenced by clinical results, namely, testicular
biopsies of men who were in such conditions. Sertoli
cells and spermatogonia are the only cell types that
remained in the seminiferous tubules of men during
psychoemotional stress [58].

The influence of the immune system on the
reproductive system in men under conditions of
stress. Stress factors can have an indirect effect
on germ cells by suppressing general or local im-
munity and increasing the risk of infectious damage
to the reproductive system. This principal role of
immune responses in the formation and functioning
of the human reproductive system, a change in im-
mune homeostasis can disrupt the normal repro-
ductive process and cause infertility in men. Atten-
tion is drawn to the possibility of spermatogenesis
disorders against the background of systemic AIDs
induced by the stress factor of war events, which
persist for many years and are even transmitted to
offspring [70]. It is known that military personnel
who participated in hostilities have the disordered
regulatory functions, primarily in the autonomic
nervous system, and increased secretion of stress-
releasing substances [9]. Such a stress-induced
state in military personnel persists for a long time
after returning to everyday life. In addition, gunshot
(mechanical) injuries of the scrotum deserve special
attention. It is known that testicular tissue is beyond
the limit of immune recognition. Traumatic violation
of this barrier is accompanied by the entry of sperm
immunogenic epitopes into the bloodstream and
the development of an autoimmune reaction with
the production of antisperm antibodies (ASAT).
The presence of blocking and destructive ASAT in
the blood or fluids of the reproductive tract is one
of the main immune factors that lead to impaired
fertilization [17]. In addition, ASATs can interfere
with the interaction of gametes by blocking surface
receptors. Immune infertility in men, in particular
induced by stressful and traumatic triggers, is the
result of the combined effect of various types of
ASAT, reducing the ability of spermatozoa to move
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MyBaHHI 1 (YHKIIOHYBaHHI PENpPOAYKTUBHOI CHC-
TEMH JIOAWHH, 3MiHa IMYHHOTO TOMEOCTa3y MOKe
MOPYIIUTH HOPMAJBHUN PENPOAYKTUBHUM Ipoliec
1 BUKIMKATH OE3IUTIAS Y YOJOBIKiB. 3BEepTa€ThCS
yBara Ha MOXXJIUBICTh BHHUKHEHHS TTOPYIIIEHb CIIep-
MatoreHesy Ha (oHi cuctemanx Al3, iHIyKOBaHHHX
CTpecopHUM (PaKTOPOM BOEHHHX TOAiH, sKi 30epi-
raroThCsl MPOTATOM 0araThbOX POKIB 1 HABITH Tepe-
naroThest Hamaakam [70]. Bigomo, 1110 y BifiCHKOBHX,
Kl Opanu ydactb y OOWMOBHX JisiX, € MOPYIICHHS
peryasTopHUX (YHKIIIN, TIEpI 3a BCE, Y BEreTaTHB-
Hill HEPBOBIM CUCTEMI Ta MOCHIIEHA CEKPEIlis CTpec-
penizuHr pedoBuH [9]. Takuil crpec-iHIyKOBaHHHIMA
CTaH y BIHCHKOBHX 30€pira€Tbcsi MpOTSATOM JIOBIOTO
4acy Iicisi TIOBEPHEHHS JIO MOBCSKICHHOTO YKUTTS.
OxpimM TOro, 0COOMMBOI yBaru 3aciyrOBYyIOTh BOT-
HemnaibHI (MeXaHi4Hi) TIOpaHEeHHs MOIIOHKH. Biso-
MO, IO TECTUKYJSpHA TKaHWHA 3HAXOAWUTHCS 11032
MEXOI0 IMYHHOTO pO3IMi3HaBaHHI. TpaBMarnyHe
MIOPYIICHHS IIHOTO Oap’epa CYMPOBOKYETHCS TIO-
TPAIUITHHAM CIIEPMaJIbHUX IMYHOT€HHHUX eIITOIIB
y KPOBOTIK i PO3BUTKOM ayTOIMYHHOI peaxiiii 3 Bu-
pobnenHssm aHTHcnepManbHux aHTUTLT  (ACAT).
HasBuicte Onmokyrounx i pyhHiBHEX ACAT y KpoBi
abo piguHaxX PENpOAYKTHBHOTO TPAKTYy € OIHHUM
3 OCHOBHHUX IMYHHHUX (DaKkTOpiB, IO MPU3BOIATH JI0
nopymieHast 3amnigHenss [17]. Kpim Ttoro, ACAT
MOXKYTh TIEPEIIKO/HKATH B3a€MOJIii raMeT depe3 OI1o-
KyBaHHS TIOBEPXHEBUX perentopiB. ImyHHe 0e3-
IDTiAA YONOBIKIB, 30KpeMa IHAYKOBaHE CTPecop-
HAMH 1 TpaBMaTHYHUMH TPUTEpPaMHU, € HACIiIKOM
kombiHoBanoi mii pisHEX BUAIB ACAT, sKi 3HIKYIOTH
3/IaTHICTh CIIEPMATO30i/liB TIEPECYBaTUCS B IIEPBIKAJIb-
HOMY CJIM30BI i ICHITpyBaTH siiexmituny [10].

OcHo6HI nidxo0u 00 AIKY8aHHs OUCHYHKYIL penpo-
OYKmueHoi cucmemu 4on06ikie. I1omyk MmigxoiB a0
30epekeHHsT TeHO(QOHAY Ta PENPOAYKTHBHOTO 370-
POB’sS yKpaiHCBKOI Hallii € aKTyaJlbHUM Y MUPHUH 1,
0c0011B0O, BoeHHUH yac. CyTT€BUM BHECKOM Yy BHPi-
IISHHS IIi€1 BAXXIUBOI MPOOIEMH MOXYTh OyTH PO3-
pobku ycraHoB HarionansHO1 akagemii Hayk Ykpai-
Hu, 30kpema ITTKiK HAH VYkpainam.

CyTT€BOIO CKJIQIOBOIO 3araJlbHOTMPHUIHSATOT Te-
pamii JiKyBaHHA OE3IUTIIASN YOJOBIKIB € BHUKOPH-
CTaHHS KPIOKOHCEPBOBAaHUX PEMPOIYKTUBHUX TKa-
HUH 1 KIITHH. 3 MeTOI0 30epekeHHs (epTHIBHOCTI
YOJIOBIKIB TPOBOJSTH KPIOKOHCEPBYBAHHS CIIEpPMU/
CIEepPMAaTO30iiB, a y BHIIAJKaX, KOJH HEMOXIIMBO
OTpUMarTu TaMeTH (TmpemyOepTaTHUM BiK XJIOMYH-
KiB), BHKOPHCTOBYIOTb HHU3BKOTEMIIEPAaTypHE KOH-
CepByBaHHS OIONTATiB 3BUTHX KAaHAJIBIIB sS€4YKa
[88]. ¥ Oararpox KIIiHIKax BIIPOBAHKEHO POOOTY
KpioOaHKiB KIIITHH 1 TKAaHWH CiM’SHHUKIB XJIOITYUKIB
npemyOepTaTHoro BiKy, XxBopux Ha pak [42]. Ilo-
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through the cervical mucus and penetrate the egg
[10].

Basic approaches to the treatment of male
reproductive system dysfunction. The search for
approaches to the preservation of the gene pool
and reproductive health of the Ukrainian nation is
relevant in peacetime and, especially, in wartime.
Developments of the institutions of the National
Academy of Sciences of Ukraine, in particular
IPC&C of the NAS of Ukraine, can significantly
contribute to solving this important task.

An essential component of the generally ac-
cepted therapy for the treatment of male infertility
is the use of cryopreserved reproductive tissues
and cells. In order to preserve male fertility, the
sperm/spermatozoa cryopreservation is performed,
and in cases where it is impossible to obtain gametes
(prepubescent boys), low-temperature preservation
of convoluted tubule biopsies is used [88]. In many
clinics, the cryobanks of testicular cells and tissues
of prepubescent boys with cancer have been
established [42]. The positive results of develop-
ments in this direction are inextricably linked to
the development of cryobiological approaches and
technologies, taking into account the possibility of
almost indefinite storage of biological objects for
future medical procedures. Indeed, cryopreservation
has become an essential component of the medical
use of cell and tissue therapy products [88].

Thus, various biotechnological approaches
developed in experimental model systems can be
used to reproduce the reproductive cells of men,
in particular those under wartime conditions. Cul-
tivation of spermatogonial cells in vitro provides
an opportunity for manipulation of the paracrine
environment, and also helps to study the individual
influence of each growth factor on spermatogenesis
[22].

Cryopreservation of germ cells and tissues. The
currently mastered methods of cryopreservation of
male reproductive cells allow solving important not
only medical, but also social problems. The most
relevant issue is the rehabilitation of the repro-
ductive function of men who have suffered PTSD
(as well as mechanical injuries of reproductive
tissues) on the battlefield or among the civilian
population. This applies to men whose work is
related to the harmful effects of the environment
on the reproductive system (nuclear power plants,
etc.), as well as to cancer patients receiving radia-
tion and chemotherapy [85]. Cryopreservation is a
necessary procedure before a diagnostic testicular
biopsy. Indications for cryopreservation of germ
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3UTUBHI PE3yJBTaTd PO3POOOK y LBOMY HANPSAMKY
HEPO3PUBHO TIOB’s3aHi 3 PO3BUTKOM KpioOioJoriu-
HUX TIAXONIB 1 TEXHOJOTIH, BPaXOBYIOYU MOXKJIH-
BiCTh Maibke Oe3cTpoKoBOTO 30epiraHHs 0i000’€K-
TiB Ui MaiOyTHIX MeawdHUX mporenyp. JlificHo,
KpiOKOHCEPBYBaHHS CTa0 000B’I3KOBHM KOMITOHCH-
TOM MEJMYHOTO BUKOPUCTAHHSI MMPOIYKTIB KIIITHHHOT
Ta TKAaHWHHOI Teparii [88].

Tak, 1uisi BIATBOPEHHS PENPOAYKTHBHUX KIITHH
YOJIOBIKiB, 30KpeMa THX, sIKi epeOyBain B yMOBax
BOEHHUX [Iil, MOXKYTb 3aCTOCOBYBATHCSI PI3HOMAaHIT-
Hi OIOTEXHOJIOTIYHI TIJXOIW, BiJMpaIbOBaHI Ha
EKCIIepUMEHTAJIbHUX MOJAETbHUX cHucTeMax. Kyib-
TUBYBaHHSl CIICPMATOTOHIANILHUX KIITUH in Vitro
JAI0Th MOXJIMBICTh JUIS MaHIMYISALIA TapakpuH-
HUM CEpEJIOBHUIIEM, & TAKOX JOMOMArarTh BHUBYH-
TH 1HAWBIyaJbHUI BIUIMB KOXKHOTO (haKTOpa pOCTy
Ha TIPOIIeCH criepMarorenesy [22].

Kpiokoncepsysanua cmamesux kaimuu 1 mKa-
nun. ONIaHOBaHI Ha TEMEPIlIHIA Yac METOIu Kpio-
KOHCEpPBYBaHHSI CTaTeBUX KIIITHH YOJOBIKIB JI03BO-
JISIOTh BUPINIMTUA BAXJIUBI HE TUIBKH MEIUYHI, aye
i coumianpHi mpoOiiemu. HaiakryanpHilIUM € MH-
TaHHs peaOimiTamii AiTOponHOi (YHKIII YOJIOBIKIB,
mo nepenecnn [ITCP (sx i mMexaHi4HI BpakKeHHS
PENpONYKTHBHUX TKAHWH) Ha TOJi OO YU cepen
LIMBITBPHOTO HaceleHHA. lle cTocyeTbes 4YOINOBIKIB,
poboTa SKMX TIOB’si3aHa 31 IIKIJUIMBHM BIUTHBOM
HaBKOJIMIIIHEOTO CEpE/IOBUINa Ha PENpOIyKTHBHY
CHUCTEMY (aTOMHI EIIEKTPOCTAHIli TOIIO), a TaKOXK
OHKOXBOPHUX, SIKUM 3aCTOCOBYIOTh IPOMEHEBY Ta
ximioreparito [85]. KpiokoHcepByBaHHS € HEOOXi-
HOIO TIPOLIEAYPOIO TIepe/i TPOBEACHHSIM J1arHOCTHY-
Hoi Oiorcii seuka. [TokazaHHSME 10 KpPiOKOHCEPBY-
BaHHS CTAaTeBUX KIITUH € TIPOBEICHHS IITYYHOI
iHCeMiHaIlii, 3a SKOi y BUIAJKaX OJIro-, aCTeHO- Ta
TEepaTo300CTepMii HEOOXiTHO IMPOBOIUTH HAKOIIH-
YyeHHs1 crnepMaro3oifiB. Ilicis BimirpiBy esKyssTiB
(bpakiisi aKTUBHOPYXJIMBUX KIITHH BHIUISETHCS
3 yCiX HaKONMWYEHHWX 3PasKiB, IO JIO3BOJSE 301Tb-
IIUTH 1X KUTBKICTH y /1031, IKY BUKOPUCTOBYIOTH JJIS
mTyyHoi iHceMiHamii [97]. BuxopucrtamHsS Kpio-
TEXHOJIOTIH y pEenponyKTHBHIM MeaumnuHi 00y-
MOBJICHE HE TUIBKH 3a MEJUYHHMH, aje U 3a co-
LiaTbHUMH [TOKa3HUKaMH (HAIPHUKIIAI, KOJIX 38 YMOB
CBIZIOMOTO BHOOpY MOJPYKHS Tapa BiJKIaJae 3a-
4yarTd 1 BHUHOUIYBaHHS IWTUHH Ha OUIbII Ti3HIH
PENpPOAYKTUBHUH MEpion).

[Ipun KpioKOHCEpBYBaHHI TECTUKYISIPHOI TKa-
HUHU BUKOPUCTOBYIOTH [[BA MiAXOAM: OiomTar sed-
Ka MOXe OyTH 3aMOpPOXKEHHH y BUIJISINI CyCHeH3ii
CIIepMaTOTOHIATFHUX KIITHH a00 sIK ()parMeHTH 3BH-
TUX CIM’SHUX KaHaJbIIB. Ilicms po3mMopoXyBaHHS
CyCIIeH3ii KJIITHH MOXIJIMBA ii ayTOTpaHCIUTAHTAIIis
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cells are artificial insemination, during which in
cases of oligo-, astheno- and teratozoospermia it is
necessary to accumulate spermatozoa. After warming
of ejaculates, the fraction of actively motile cells
is separated from all accumulated samples, which
allows to increase their number in the dose used for
artificial insemination [97]. The use of cryotech-
niques in reproductive medicine is determined not
only by medical, but also by social indications (for
example, when, under conscious choice, a married
couple postpones the conception and bearing of a
child for a later reproductive period).

Two approaches are used for cryopreservation of
testicular tissue: the testicular biopsy can be frozen as
a suspension of spermatogonial cells or as fragments
of convoluted seminiferous tubules. After thawing
the cell suspension, its autotransplantation is possible
by injecting a healthy population of spermato-
gonial cells into the testicular tissue to populate
the convoluted tubules [80]. In the case of
cryopreservation of the convoluted tubules, after
their thawing, it is possible to transplant the biopsy to
initiate spermatogenesis. In the future, spermatozoa
obtained in this way can be used for fertilization
by means of intracytoplasmic injection of sperma-
tozoa into the oocyte [34].

Spermatogonial stem cells (SSCs) are found in
male testicles from birth, but they are not capable
of producing mature spermatozoa until puberty.
The development and optimization of testicular cell
culture and cryopreservation protocols to ensure high
indices of functional completeness ensures its more
profitable use for the restoration of male fertility,
the therapy of hormonal dysfunction and erectile
disorders [94].

Today, transplantation of autologous cryopre-
served SSCs and accessory regulatory cells is
one of the most promising methods of restoring
patients’ fertility. The development of such modern
biotechnology, which allows to create reserves and
store autologous SSCs and accessory regulatory
cells of testes under conditions of ultra-low
temperatures, is carried out at the Department of
Cryopathophysiology and Immunology of the
IPC&C [91]. The introduction of autologous fibrin
gel into the cryoprotective media makes it possible
to abandon the use of xenogenic serum, reduce the
concentration of the cryoprotectant, and shorten
the duration of freezing. This approach ensures the
morphofunctional state of SSCs and accessory-
regulatory cells of testes at a qualitatively high level
[91].

However, despite the high rate of investigations
in this field, the isolation and cryopreservation
of testicular SSCs remains imperfect and non-
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LUISIXOM 1H €Kil Yy TKaHMHY CiM’SIHUKIB 3J0pPOBOL
MOMYJISALii CIepMaTOrOHiaNbHUX KIITHH Ui 3a-
cesieHHA 3BUTHX KaHanbUiB [80]. Y pasi kpiokoH-
CEpBYBaHHs 3BUTHX KaHAJbLIB MICIs IX PO3MOPO-
KYBaHHS MOXKJIMBE IIPOBEIEHHS TpaHCIUIaHTaLi{
Olomrary misa iHimiamii cnepmartorenesy. OTpumani
TAKUM YHMHOM CIEpMAaTO30ilu B IEPCIEKTHBI MO-
KyTh OyTH BUKOPHCTaHI [UIsl 3aIUTiTHEHHS 3a
JIOTIOMOT'0F0 IHTPAIMTOIIa3MATUYHOI 1H €KIIIT criep-
Maro30i1a B oouT [34].

Cnepmaroronianbti ctoBOypoBi kmituau (CCK)
MPUCYTHI B CiM’SHUKaxX YOJOBiKa BXKE BiJ Hapol-
JKCHHS, aJleé BOHM HE 3[aTHi MPOAYKyBaTu 3pimi
CriepMaTo30igu 10 crareBoi 3pijmocti. Po3poOka Ta
OITHMI3allis MPOTOKOIIB KYJIbTHBYBaHHS Ta KPIOKOH-
CEpBYBAaHHsI KIITHH Si€4Ka 3 METOI0 3a0e3leueHHs
BHCOKHX TIOKa3HUKIB (YHKIIIOHAIBHOI TIOBHOIIIH-
HOCTI 3a0e3redye OUTBII BHUPOTITHE HOTO BUKOPH-
CTaHHS [UIS BITHOBIICHHS (QEPTUIHLHOCTI y dYOJIO-
BiKiB, Tepamii TOPMOHAIBLHOT MUCQYHKINI Ta epeK-
TUIBHUX po31aniB [94].

Ha cporomui TpaHCILIaHTAIlis —ayTOJOTIYHHX
kpiokoHcepBoBaHux CCK Ta akiiecopHO-peryasiTop-
HUX KJIITHH € OJIHAM 3 HAHUIIEPCIICKTUBHIIIUX METO/[iB
BiZHOBIEHHs (epTuibHOCTI mamieHTiB. Came pos-
poOka Takoi cydacHoi OIOTEXHOJIOTIi, sIKa JO3BOJISIE
CTBOPHUTH 3amacH i 30epiratéu 3a yMOB YIBTPaHU3b-
kux temmeparyp ayrtonoriuHi CCK Ta akmecopHo-
PETyASTOpHI KIITHHU CiM SHUKIB, TIPOBOIUTHCS
y Bigaim kpiomarodiziomorii 1 imynomorii ITTKiK
[91]. BBenenns ayrtomorigHoro (GhiOpHHOBOTO TEIIO
B KpIO3axHMCHE CEepeOBHIIE JI03BOJISIE BiJMOBHUTH-
sl BiJ] 3aCTOCYBaHHsI KCEHOTEHHOT CHPOBATKH, 3HU-
3UTH KOHIEHTPALII0 KPIOMPOTEKTOpa Ta CKOPOTH-
TH TPHUBAJICTh TPOLECY 3aMOPOXKYBaHHS. Takuid
MiIXiJ JO3BOJMB  3a0e3neuuTd  MophOQyHKIIiO-
HanbHUA cTan CCK Ta akiecopHO-peryasTOpHUX
KIITHH CIM’SIHHKIB Ha SKICHO BHCOKOMY piBHI
[91].

OnHak, He3BaKalOUM Ha BUCOKI TEMIH AOCIHiJ-
XKEHb Yy Wil ramysi, 3aJMIIA€ThCS HEIOCKOHAIUM
Ta HECTAaHIAPTH30BAaHWM METOJ BHIUICHHS 1 Kpio-
xoHcepByBaHHI CCK seudok. IIpoTokomwm OIHKH
oiomoriuaux BiaactuBocted CCK 1 crmoco0iB BiIHOB-
neHHs: QepTUIILHOCTI NOTPeOYIOTh OUIBII MPHUCKIII-
JIMBOI cTaHmapru3aiii. Buxoasun 3 BUMOT KITIHIYHOT
MIPaKTUKH, 3apa3 MOXKYTh OyTH 3aCTOCOBaHi JIEKijbKa
MIPOTOKOJIIB BUKOPUCTAHHS KPIOMPOTEKTOPIB EHIO-
Ta EK3OICIIOSIPHOTO THUMIB abo X KOMOiHAIIiM.
Hocmimkenns A.M. TonereBa Ta cmiBaBT. [3, 26,
47, 88] mokazanwu, mo JAMCO, miinepuH, eTUICHTIi-
KOIIb, TIOJIETHIJICHIJIIKONb, Tperaio3a € e(eKTHB-
HUMH HPOTEKTOpaMH Il KPIOKOHCEPBYBAHHS KIli-
THH 1 TKaHWH, aje iXHSI e(PEKTUBHICTD BiIPi3HIETH-
Cs IS PI3HMUX KIITHHHUX TOMYIsIii. Panime Oyrmo

94

standardized. Protocols for assessing the bio-
logical properties of SCCs and methods of fertility
restoration need more meticulous standardization.
Based on the requirements of clinical practice,
several protocols for the use of endo- and exocel-
lular cryoprotectants or their combinations can
now be applied. Research by A.M. Goltsev et al. 3,
26, 47, 88] showed that DMSO, glycerol, ethylene
glycol, polyethylene glycol, trehalose were effective
protectors for cryopreservation of cells and tissues,
but their effectiveness differed for various cell po-
pulations. It was previously shown that DMSO,
due to its low molecular weight, quickly penetrated
into cells and was able to minimize cryodamage of
human SSCs [42]. The analysis of studies demonstra-
ted that the use of a classic combination of 10%
DMSO and fetal bovine serum in a concentration
from 5 to 90% allowed the preservation of the viability
of about 55-65% of cells after freezing [50]. At the
same time, the toxic effect of DMSO is known.

Therefore, the development of approaches aimed
at reducing DMSO concentrations and the search
for an alternative to fetal serum are urgent tasks of
cryobiotechnology.

Natural polymers based on collagen, gelatin and
fibrin proteins are known to be haracterized by high
biocompatibility and bioactivity. There is a parallel
interest in these gels in cryobiological research.
The main factor leading to the death of cells
at the stages of cryopreservation is a disorder of
the pro- and antioxidant balance, which increases
oxidative stress and induces apoptosis. The acti-
vation of these processes depends on the composition
of the medium with cryoprotective properties. It is
believed that biopolymer gels in the composition
of such media contribute to the stabilization of
membranes, ensuring high viability and meta-
bolic activity of cells subjected to cryopreservation
[53].

The effectiveness of low-temperature preservation
of cells, in particular SSCs, with the help of gels
is determined not only by the integrity of their
membranes, but also by the level of viability and
functional activity, which is significantly influenced
by changes in the physical and mechanical properties
of the carrier under freezing-warming [90].

The most stringent criterion for the functional
capacity of the SSCs is the restoration of fertility.
Even if the results of histological evaluation of
spermatogenesis are positive, not necessarily after
transplantation, SSCs will be functionally active.
To date, there is a small amount of research related
to the restoration of fertility, that may be due to the
complexity and low efficiency of the spermatogonia
transplantation technique.
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nokazaHo, mo JAMCO 3a paxyHOK HM3BKOi MOJIEKY-
JSIPHOI Macu IIBUAKO NMPOHHUKAE Y KIITHHH 1 37at-
HUH MiHIMI3yBaTH KpionomkomkenHs CCK monuan
[42]. AHami3 mocCIipKeHb MOKa3aB, 1110 BUKOPUCTaH-
Hs kiacuaHoi koMOiHamii 10% AMCO i deranpHOI
Omuadoi cupoBaTKu B KOHIEHTpamii Bix 5 mo 90%
JO3BOJISIE 30€PErTH KUTTE3MATHICTH ONHM3BKO 55—
65% wmiTuH micns 3amopoxysanHs [50]. [Tpu upomy
BijoMo Tipo TokcuuHuit epext AMCO.

Omxe, po3poOKa IMiAXOIB, CIPSIMOBAHUX Ha
3HIKeHHsI KoHIeHTpaliii JIMCO, ta nouryk aasrep-
HaTuBU (eTalbHI CHPOBATLi € aKTyaJbHUMH 3aB-
JAHHSIMH Kpi0Oi0TEXHOJIOT 1.

Bigmomo, mo mnpupoaHi moniMepH Ha OCHOBI
OINKIB KoJjareHy, elmaruHy Ta (iOpuUHY Xapakrte-
PHU3YIOTBCS BHCOKOIO OiOCYMiCHICTIO Ta 0Oioak-
TUBHICTIO. Y KpioOiOMOTIYHUX JOCIIPKEHHSIX ic-
Hy€ TMapajelbHANA iHTEepeC MO0 mHuX TediB. Bimomo,
II0 OHUM 3 OCHOBHHUX (PaKTOpIB, KU TPU3BOIUTH
10 3aru0eni KIITHH Ha eTamnax KpiOKOHCEpBYBAaHHA,
€ TOpYIIeHHS MPO- Ta AHTHOKCHJIAHTHOTO OaliaH-
CY, L0 TIOCUJIIOE OKUCHIOBAJILHUN CTpEC Ta 1HIYKYE
arnonTo3. AKTHBAIliS IMX MPOLECIB 3aJCKUTh BiJl
CKJIaJy CepeloBHIIa 3 KPIOMPOTEKTOPHUMH Blia-
CTHBOCTAMH. BBakaeTbcs, mo OiomomiMepHi Tremi
y CKIIaJli TaKWX CEepPEJOBHUII CIPUSIOTH CTaOimi3arii
MeMOpaH, 3a0e3Neuyrodun BUCOKY JKUTTE3IaTHICTh
1 MeTaOoNIYHy aKTHBHICTh KIIITHH, SKi ITiJUISTAIOTh
KpiOKOHCEpPBYBaHHIO [53].

EdexTuBHICTE HU3BKOTEMIIEPATypHOTO KOHCEP-
ByBaHHS KJIiTHH, 30KpemMa CCK, 3a 70ImoMororo remin
BHU3HAUAETLCSA HE JIMINE IUTICHICTIO iX MemOpaH,
a W piBHEM >KHTTE3JATHOCTI Ta (PYHKI[IOHAIBHOI
AKTHBHOCTI, Ha SIKUH MalOTh CyTTEBH BIUIUB 3MiHH
(hi3MKO-MEXaHIYHUX BIIACTHBOCTEH HOCIS 32 YMOB
3aMOpOKyBaHHs-BiairpiBanus [90].

Haii0inpm cyBopuM KpuTepieM (QyHKIIOHAIIb-
Hoi 3xarHocTi CCK € BimHOBIEHHS (DepTHIBHOCTI.
HaBiTh 32 yMOB MO3WTHBHUX PE3yNbTaTiB TiCTOJO-
TIYHOT OIIHKHU CIepMaTOTeHe3y, He 000B’SI3KOBO ITiC-
ns tpancruanTanii, CCK OymnyTs QyHKITIOHaTHEHO
aktuBHI. Ha cporomHi icHye He3HayHa KiJIbKICTh
JOCITIKEHDb, TTOB’SI3aHUX 13 BiMHOBICHHSIM (ep-
TUIBHOCTI, IO MOXJIHBO OOYMOBJICHO CKJIQJHICTIO
Ta HU3bKOIO (EKTUBHICTIO TEXHIKH TpaHCIUIAHTAIIIT
CIIEPMATOTOHIH.

B ocranni poku came in’ekmisi cycrensii CCK
BBaXKAETbCS HAWOUIBII TIEPCIEKTUBHUM  IIUISIXOM
BiTHOBJIEHHS (EPTHIBHOCTI MiCIs TOHAJOTOKCHY-
HOI Tepamii. Bmepme 1meit meron OyB ommcaHuit
R. L. Brinster i J. W. Zimmermann [13] Ta ycmim-
HO 3actocoBanuit mis iHPY3ii CCK Big crateBoHE3-
pUIMX JIOHOPIB y s€YKa CTEPUIIHBHHUX PEIUITIEHTIB
3 METOI0 BIJHOBJIEHHS IXHBOI'O CIIEPMATOICHE3Y.
Cnouarky CCK i30110t0Th 3 OiomTaTiB, MICJIS YOTO
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Recently it is the injection of SSC suspension
that is considered the most promising way to restore
fertility after gonadotoxic therapy. This method
was first described by R.L. Brinster and J.W. Zim-
mermann [13] and was successfully used for the
infusion of SSCs from sexually immature donors
into the testicles of sterile recipients to restore their
spermatogenesis. First, SSCs were isolated from
biopsies, after which they were transplanted in the
amount needed for effective colonization of the
testis and restoration of spermatogenesis [75].

Restoration of male fertility is a complex and
multi-stage process, the success of which depends
on the perfection of applied approaches and methods
at each stage. The repair of this system after PTSD
deserves special attention, and even more so,
in combination with mechanical damage to the
testicles. That is why scientists all over the world
are working on the study and improvement of
protocols for isolation, cryopreservation, cultivation
and transplantation of testicular SSCs. For cryo-
preservation and low-temperature storage of testi-
cular tissues, along with the use of slow cooling
rates, the vitrification (use of high concentrations
of cryoprotectants and ultra-fast cooling) is used
[89]. Thus, cryopreservation allows the keeping of
male reproductive cells for a long time in a func-
tionally capable state, that makes this technology
attractive and vital, as well as a mandatory com-
ponent of regenerative medicine during the
treatment of infertility by assisted reproductive
technologies.

Conclusion

Thus, a detailed analysis of the published data
demonstrated that the human body being under
chronic stress also underwent the development of
oncological, autoimmune diseases and dysfunction
of the reproductive system. Today, the need to find
effective treatments for these pathologies in military
servicepersons and civilians using cryobiological
and cryomedical techniques is extremely important.
Cryopreservation is shown to be a tool for managing
the structure and functions of various cells, in
particular, immune DCs for clinical use in oncology.
It remains an urgent task to determine the influence
of cryopreservation factors on the ability of cell
and humoral components of CB to form highly
functional tolerogenic DCs and Tregs with the aim
of their further use in clinical practice to treat the
AlDs. Cryopreservation enables the preservation
of male reproductive cells for a long time in a
functionally capable state, making this technique
important, and making it also a mandatory com-
ponent of regenerative medicine during infertility
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TPaHCIUIAHTYIOTh y HEOOXimHid m031 s edek-
TUBHOI KOJIOHI3aIlil si€uka Ta BiTHOBJICHHS CIIEp-
martoreHesy [75].

BinHOBIEHHS (hepTUIBHOCTI YOIOBIKIB — CKJIaJI-
HUH Ta OaraTocTajiiiHWii TPOIEC, YCHIX SKOTO
3aJIeKHUTh BiJ IOCKOHAIOCTI 3aCTOCOBAHMX ITi/IXO/IIB
1 MeromiB Ha KoXKHOMY etarmi. OcoOmnMBOi yBarm
3aciyroBye penapaiist 1iei cuctemu ticist TITCP,
a TUM Ta4ye, B KOMOIHAIli 3 MEXaHIYHUMH YIIKOJI-
KEeHHsIMH siedoKk. Came TOMY HayKOBII B YCHOMY
CBITI MPAIFOIOTh HAJI BUBUCHHSM Ta Y/I0OCKOHAJICHHSIM
MIPOTOKOJIIB BUIJICHHS, KPIOKOHCEPBYBAaHHS, KYJIb-
tuByBaHHs 1 Tpancmantauii CCK cim’sHukiB. J{ns
KpIOKOHCEPBYBaHHS 1 HU3bKOTEMIIEpaTypHOTO 30epi-
TaHHS TKaHWH CiM’SHUKIB TOpsJ] i3 3aCTOCYBaH-
HSM TOBIJTPHUX IIBUAKOCTEH OXOIIOUKEHHS BIIPO-
BaJDKYyETbc  MeTon  BiTpudikamii (3acTocyBaHHS
BHCOKHX KOHIICHTpAIlIi KpiOMPOTEKTOPIiB 1 HaI-
MIBUIKOTO oxonomkeHHs) [89]. Otmxke, KpiOKOH-
CEpPBYBAaHHS JIO3BOJISIE 30epiraTw YOJIOBIYUl PETpo-
JOYKTUBHI KJIITHHH TIPOTAIOM TPUBAJIOr0 Yacy y
(YHKIIIOHANIBHO 3/JaTHOMY CTaHi, [0 Hajae ik
TEXHOJIOTii MPUBAOIUBOCTI Ta BaroMoOCTi, a TaKOX
€ 000B’SI3KOBOI0  CKJIAJIOBOIO  PETeHEepaTHBHOI
MEIMIIMHU Yy JIIKYBaHHI Oe3IUIigas MeToiaMu
JIOTIOMI>)KHUX PETPOIYKTUBHUX TEXHOJIOTIH.

BucnoBok

TakuMm 4MHOM, Ha TIiJCTaBi JAETAIBFHOTO aHAII3Y
JMaHUX JITEpaTypHu IOBENEHO, IO IepeOyBaHHSI Op-
TaHI3MYy JIIOIWHH B CTaHi XPOHIYHOTO CTPECY CYIIpO-
BOJDKYETBCSI PO3BUTKOM OHKOJIOTIYHHX, ayTOIMYHHUX
3aXBOPIOBaHb Ta JUC(QYHKIE PENpOLyKTHBHOL
cucremu. ChOroHI HEOOXiTHICTh MOIIYKY e(hEeKTHB-
HUX METOIB JIIKYBaHHS I[UX IaTOJIOTiH y BIHCHKOBUX
1 IMBUIBHMX 13 3aCTOCYBaHHSIM KpioOiONOTIYHMX 1
KpIOMEIMYHUX TEXHOJIOTiIH € HaA3BUYAHO BaxK-
muBoto. [loka3aHo, MO KpPiOKOHCEPBYBAHHS MOKE
OyTH IHCTPYMEHTOM YIIPaBIIiHHS CTPYKTYPHO-(PYHK-
[IOHAJILHUM CTaHOM Pi3HUX KIIITHH, 30KpeMa iMyH-
Hux JK ansg xiiHIYHOrO 3acTOCyBaHHS B OHKOTeE-
pamii. 3anumaeTbes akTyalbHUM 3aBIaHHAM BH3HA-
YeHHS BIUTMBY (aKTOpiB KpPiOKOHCEPBYBaHHS Ha
3[IATHICTh KJIITHHHUX 1 TYMOpaJbHUX KOMITOHEHTIB
KK ¢opmyBatn BHCOKO(YHKIIIOHATIBHI TOJEPOTCH-
Hi JIK 1 Tper 3 MeTOI0 MOJANBIIOTO TX BUKOPUCTaH-
Hs B KIIHIYHIA TpaKTUIl Mij 4ac JikyBaHHS Al3.
KpiokoHcepByBaHHs [103BOJIsI€ 30epiraTd 4OJOBii
PENPOAYKTHBHI KIITHHH HPOTSATOM TPHUBAJIOrO Hacy
y (YHKLUIOHANBbHO 3AAaTHOMY CTaHi, 110 Hagae Iii
TEXHOJIOTIi BaroMmicTh, a TaKOXK € OO0OB’SI3KOBOIO
CKJIaJIOBOI0 PEreHepaTMBHOI MEAWLHMHUA Yy JIKY-
BaHHI Oe3mumigus. [lpencraBmeni mani € 3armo-
PYKOIO  ITOMAJBINOTO  KIIIHIYHOTO BUKOPHUCTAHHS
OpHUTIHATHHUX KP10O10JIOTITHIX 1 KPIOMEIUIHHUX KJTi-
TUHHO-TKAaHHHHUX TEXHOJIOTIH.
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treatment. The presented data provide an evidence
of expediency of further clinical use of original
cryobiological and cryomedical cell-tissue techni-
ques.
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