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Pecpepar: Kpnoabnauus senserca meTogom Bbibopa npu NeYeHUn ConmaHbIX OMyxorneln pasHomn nokanusauun. NMoMmmMo gectpyk-
LN NaToONoOrnyeckon TkaHu, Kproabnaums Bbi3bIBAET KOMMIEKCHbIE U3MEHEHWUsI B UMMYHHOWN cucTeMe. B paboTe kpaTko paccmartpu-
BalOTCsl MeXaHU3Mbl pa3BuUTUsi abckonanbHOro adodpekTa nocne KPpUOXMpYyprim onyxonen, a Takke CONpOBOXOAKLIME €ro BO3MOXHbIE
M3MEHEHMS B UMMYHHOI cucteme. ABckonanbHbl 3pdeKT JOCTUraeTcst 3a CHET BbICBOOOXKAEHNSI aHTUTEHOB M3 Pa3pyLUEHHbIX KIETOK,
KOTOpble 3anyckalT Kackag MMMYHHbIX peakuui. B Hactosiweln ctatbe 0600LieHbl pesynbraTbl COYETAHHOIO MPUMEHEHMS Kpuab-
nauum n UMMyHOTepaneBTUYECKNX METOAOB, B YAaCTHOCTU afONTUBHON Tepanuu. BBegeHne OeHAPUTHBIX KIETOK B COYETaHMM C NpoBe-
OeHnem kpnoabnauum No3BoNsET CyLLECTBEHHO YCUMUTbL MPOTUBOOMYXONEBLI UMMYHUTET U CHU3UTb PUCK BO3HUKHOBEHUST peLmanBa.

KntoueBble cnoBa: kpnoabnauusi, pakoBble CTBOSOBbIE KINETKM, UMMYHHAsi CUCTEMA, aHTUMEH, eHAPUTHbIE KIETKM.

Pedbepar: Kpioabnauis € metogom BMOOpY Npu miKyBaHHI CONiAHMX NyXNWH pi3HOi nokanisauii. KpiMm gecTpykuii matonorivyHoi
TKaHWHK, Kpioabnauis BMKIMKAE KOMMMEKCHI 3MiHM B iMYHHIN cuctemi. Y poboTi KOPOTKO pO3MMSAAalTbCs MEXaHi3MU pO3BUTKY abcko-
nanbHoro edekTy Nicnsa Kpioxipypril NyXnWH Ta MOXMUBI 3MiHM B iIMYHHIll CMCTeMi, SiKi MOro CynpoBOXAYyHTb. ABckonanbHWin edekT
[OCAraeTbCsl 3a PaxyHOK BMBINIbHEHHS aHTWUreHiB i3 3pyMHOBAHWUX KNiTWH, SKi 3anyckaloTb Kackag iMyHHUX peakuin. Y uin crarTi
y3aranbHeHO pe3ynbTaTi NMOEJHaAHOro 3acTOCyBaHHA Kpiabnauii Ta iMyHOTepaneBTUYHUX METOZAIB, 30Kpema afonTvBHOI Tepanii. Bee-
OEeHHA AeHOPUTHUX KNITUH y MOEAHaHHI 3 MpoBeAeHHAM Kpioabnauii [403BOMSE iCTOTHO MOCUMAWUTKU MPOTUNYXIMHHWIA IMYHITET Ta
3HU3UTU PUSUK BUHUKHEHHS peLmanBy.

KniouyoBi cnoBa: kpioabnadisi, pakoBi CTOBOYpPOBI KNiTUHW, iIMyHHa cucTema, aHTUreH, AeHAPUTHI KNITUHW.

Abstract: Cryoablation is a method of choice in treatment of solid tumors of different localization. In addition to the destruction
of pathological tissue, the cryoablation causes to complex changes in the immune system. This paper briefly discusses the implemen-
tation of the abscopic effect after cryosurgery of tumors, as well as possible changes in the immune system that accompany it.
The abscopic effect is achieved with a release of antigens from the destroyed cells, which trigger a cascade of immune reactions.
This article summarizes the results of the combined use of cryablation and immunotherapeutic methods, in particular adoptive the-
rapy. The introduction of dendritic cells in combination with cryoablation can significantly enhance antitumor immunity and reduces
the risk of relapse.

Key words: cryoablation, cancer stem cells, immune system, antigen, dendritic cells.

B nocnennee Bpems kproaOnanusi IIMPOKO MpU-
MEHSIETCSl B KIIMHUYECKOW MPAKTUKE B KAY€CTBE allb-
TEpPHAaTUBHOIO METO/A JICUCHUS PA3IMYHBIX BHUJIOB
OHKOJIOTHYECKHX 3a0oneBaHuil. OCHOBHBIMM 3aja-
YaMy KpUOaOIaIny SIBISIFOTCS JIECTPYKITHSI OITyXOJIe-
BOM TKaHW, MHAKTHBAIUS OIYXOJb-HHIYIHPYIOIIHX
pakoBbIxX cTBOJIOBHIX KieTok (PCK) n 6moxupoBanue
X MHIpaluu (METacTa3upOBaHUsS) M3 MEPBUYHOTO
omyxoJieBoro oyara [1]. K ocHoBHBIM (hakTopam, jie-
TEPMUHUPYIOIIUM yCIleX KpHoadiamuuu, OTHOCSTCS
CKOPOCTb OXJIQKICHUSI TKaHH,; MUHMMAJbHAs TEM-
neparypa B (h)OKaJbHON (LEHTPAIbHOM) YacTH OIyXO-
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Recently, cryoablation is widely used in clini-
cal practice as an alternative method of treating
various types of cancer. The main tasks of cryoabla-
tion are the destruction of tumor tissue, inactivation
of tumor-inducing cancer stem cells (CSCs) and the
blocking of their migration (metastasis) from the
primary tumor focus [1]. The main factors deter-
mining the success of cryoablation include tissue
cooling rate; minimal temperature in the focal
(central) part of the tumor; heating rate; exposure
time and the number of freeze-warm-up cycles
[7]. Tt is crucial that in the central zone of cryoab-
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JIEBOTO Odara; CKOPOCTb OTOIPEeBa; BPEMsS HKCIIO3HU-
MU U YHUCIO LHUKJIOB 3aMOpa’KUBaHUSA-OTOrpeBa [8].
CyliecTBeHHO, YTO B LEHTPAJIbHOM 30HE KpHOAO-
Januu npu temneparype Huwke —50°C peanusyroTcs
MEXaHU3MBI, KOTOpbIe OOYyCIIaBIMBAIOT TOBPEKICHUE
Y THOEJb OMyXOJIEBBIX KIJIETOK IyTeM HEKpo3a, TOr/a
Kak B repuQeprdeckoil 30He TP TeMIepaType BhIIe
—50°C nbenp KIEeTOK MPOUCXOANT MPEUMYIIIECTBEHHO
B pe3yJbTaTe aronTOTHYECKHX MporeccoB [19].
[puHIMIIIaNBEHO, YTO MPOTHBOOITYXOJIEBBIA -
ekt kpuoabnamu c(hOKYyCHpOBaH HE TOJIBKO Ha
KJIeTKax mepBHYHON omyxomd. B 1970-x romax Obiia
JOCTUTHYTA PEMHCCHSI METacTa3oB IIOCIe KpHOal-
JaMu paka MPeACTaTeNbHON xenes3bl [23]. Dot ad-
(bexT OBLT Ha3BaH aOCKOMAIBHBIM (TOPMO3SIIAM HITH
pEeKTOM «CBHIETENS»), €ro peain3alys accolld-
vpoBanach ¢ Kierkamn ummyHHOW cuctembl (MC).
BO3MOXXHBIM MEXaHHU3MOM a0CKOTIAIBLHOTO d(deKTa
aBTOPHI CYMTAJM BBIXOJ TOCTE KPHUOACCTPYKINH B
KPOBOTOK OMyXOJIeBbIX aHTHreHoB (Al") mepBudHO-
ro o4ara, B OTBET Ha KOTOpbIe (POPMUPOBATIMCH AHTH-
Tena, B3amMoneicTByronme ¢ AlT meracTaTmuecKux
y310B. C TO3UIMI COBPEMEHHOIO TMPEJCTaBIEHUS O
CTPYKTYPHO-(DYHKIIMOHAIBHOM OpraHu3allii  OITyXO-
JICBOM TKaHW JIOTUYHO TPEATIOIIOKUTh, YTO K TaKUM
A" otHOocsTes m A" PCK mocne nelictBust ynmerpa-
HU3KUX TeMIeparyp. IT0 0OCTOATENHCTBO MOITBEPIK-
JIEHO pe3yibraraMu Hammx pador [10—12], xoropsle
CBUJIETEITHCTBYIOT 00 M3MEHEHNH CTPYKTYPHBIX M (PyHK-
MOHATLHBIX ocoberHocTert PCK. [pu aToM ycTaHoBITE-
HO, YTO X XapaKTep OIpenenseTcsi peykuMOM 3aMOopa-
JKFBAHWSI-OTOTPEBA, a TAKKE Pa3MepaMH OITyXouH [2].
OpHMM 13 MEXaHW3MOB pean3aluy a0CKOIalb-
HOTO 3 (eKTa MOXKET OBITh TaK Ha3bIBACMBIN «3ITH-
TONHBIA CHPUIMHIY, BO3HUKAIOLIMKA B pe3yjbTare
KpHUOMOAN(UKALMN OIYXOJEBBIX MPOTEHHOB U TO-
BBIILICHNUSI MMMYHOTEHHOCTH OITyXOJICBOW TKaHU BIIE-
soMm [13]. B aTom acnekte mpuBIeKaTeIbHBIM MOXKET
OBITh TIPHOOpETeHNE WUMMYHHOTEHHOCTH «UEK I1O-
WHTaMM», KOTOPBIE DKCIIPECCUPYIOTCS Ha OIyXolle-
BBIX KIIETKaX W TPEMSATCTBYIOT Pa3BUTHIO MNMMYH-
HBIX peakiuii Ha omyxoiieBble Al [16]. Kpuone-
HaTypanus, MPEANONIOKUTENbHO, TPUBOAUT H K
00pa30BaHUIO KOHIJIOMEPATOB PACTBOPUMBIX OITy-
xoneBbiX Al, 4TO, B CBOIO OYepelb, CIOCOOCTBYET
CTUMYJISLIMN MX TIOIVIONICHHS M TPEe3eHTallul MaK-
podaramu. B oTBeT Ha KPHUOBO3JCHCTBHUE IOBBI-
1I1aeTcsl ypoBeHb OENKOB TEIUIOBOTO IIOKA, CIOCO0-
HBIX MPOSBIATH CBONCTBa aabloBaHTa [26]. uTe-
pecHa Takas KOHIENIHS OTHOCHTEIHHO BO3MOXK-
HOCTH DKCIIPECCHUM Ha IIOBEPXHOCTH OCTaBIIMX-
cs mocne kpuoabmaruu PCK pementopoB Natural
killer group 2D (NKG2D) B yclnoBUSX HH3KOTEM-
[epaTypHOTO CTpecca, 4TO TMOBBIIIAET BEPOATHOCTD
nux smmvuHanmu kietkamu UC [18]. Tlocnme kpwo-

lation at temperatures below —50°C there are im-
plemented the mechanisms, which stipulate a da-
mage and death of tumor cells by necrosis, while
in the peripheral zone at temperatures above —50°C
the cell death occurs mainly as a result of apop-
totic processes [19].

Fundamentally, the antitumor effect of cryoabla-
tion is focused not only to the cells of the primary
tumor. In the 1970s, the remission of metastases
was achieved after cryoablation of prostate cancer
[23]. This effect was called abscopic (inhibitory
or ‘witness’ effect), its implementation was asso-
ciated with the immune system (IS) cells. The
authors considered the possible mechanism of
the abscopic effect to be the release of tumor anti-
gens (AG) of the primary focus into the blood-
stream after cryodestruction, in response to which
antibodies were formed, which subsequently inte-
racted with the AG of metastatic nodes. From
the point of view of the modern idea of struc-
tural and functional organization of tumor tissue,
it is logical to assume that among these there
may be CSCs AG. This circumstance is confirmed
by the results of our works [9—11], which indi-
cate a change in the structural and functional
characteristics of CSCs after effect of ultralow
temperatures. At the same time, it was found
that their character was determined by the mode
of freezing-warming, as well the tumor size [12].

One of the mechanisms of implementation of
the abscopic effect can be so-called ‘epitope sprea-
ding’, which arises as a result of cryomodifi-
cation of tumor protein and an increase in the im-
munogenicity of tumor tissue in whole [13]. In this
aspect, the acquisition of immunogenicity by ‘check-
points’ that are expressed on tumor cells and in-
hibiting the development of immune responses to
tumor AGs, may be attractive [16]. Cryodenatu-
ration, presumably, can lead to the formation of
conglomerates of soluble tumor AGs, which, in
turn, contributes to stimulation of their absorption
and presentation by macrophages. In response
to cryotherapy, the level of heat shock proteins,
that can exhibit adjuvant properties, increases
[26].

As well an interesting concept is the possibility
of expression on the surface of the remaining
after cryablation CSCs of the natural killer group
2D (NKG2D) receptors under conditions of low
temperature stress, which will enhance the possi-
bility of their elimination by IS cells [18]. After cryo-
surgical treatment, immunocompetent cells (ICCs)
located on the tumor periphery, the so-called tumor-
infiltrating ICC (TI ICC), will also change their
structural and functional potential. This fact is con-
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XUPYpPrUYeCcKOro BO3AECHCTBUS HaxosIIMecs Ha Te-
pudeprn OMyXold HWMMYHOKOMIIETEHTHBIC KIICTKH
(MKK), Tak Ha3bpIBaeMble OITyXOJIb-MH(DUIBTPUPYIO-
e MKK, tak >xe OymyT U3MEHSATh CBOU CTPYKTYp-
HO-(pyHKIIMOHANBHBIN MOTeHInan. JlaHHeli ¢akr
rmoatBepxaaroT D.N. Campbell u coast. [6], moka-
3aBIlIME€ CHW)XKEHUE HKcrpeccuu penentopa PD-1
(CD279) na moBepxHOCTH TUMQPOIUTOB TTOCIIE KPUO-
koHCcepBupoBaHus. llockonpky PD-1, cBs3bIBasch
CO CBOHMM JIMTaHJIOM, ITOJIABIISIET MPOTHUBOOITYXOJIEBYIO
aKTUBHOCTb T-KJIETOK, MOXKHO CYHMTaTh, YTO aHTH-
OnacToMHass aKTUBHOCTH JIMM(OLIUTOB, MOIBEPLINXCS
HU3KOTEMIIEpaTypHOMY BO3/ICHCTBHIO, YCHIIMBAETCSL.
B orBer Ha crumymsinuio Kietok ¢opbon 12-mupuc-
tar 13-areratoM KpHOKOHCEPBHUPOBAHHBIE JM()OITH-
THI OTBEYAJHM OOJiee MHTEHCHBHOW MPOMYKIIMEH WH-
TepdepoHa-y, 00NagaroIIero MPOTUBOOITYXOJIEBEIMU
CBOICTBaMH, YeM HaTWBHBIC KieTkd [15]. Taxum 00-
pas3oM, ecTh BCE OCHOBAHHS CUUTATh, YTO KPHOAOTAIHS
MO3BOJISIET  CO3JaTh TIPOTHBOOITYXOJIEBYIO BAKIIMHY
BHYTPH OpraHM3Ma CaMoro TaIlieHTa W TIOBBICHTH
¢dynkuponansHyto akruBHocTh MKK. 3amernm, uto Ha
CETONTHSIIHNIN /1IeHb MCIOJIb30BaHME BAKLIMH HAa OCHO-
Be PCK — mepcrnexTuBHOE HarpaBieHHE B IKCIIEpH-
MEHTaJIbHON M KJIIMHUUECKOW OHKOJIOTHH [ 17].

B xinHuYeckoll NpakTHKE OTMEYEHBI CYIIECT-
BeHHbIe n3MeHeHHs B IC manueHToB 1mocie Kpuoxu-
pyprudeckoro BmemarenscTBa. Tak, T.G. Si u coaBrt.
[21] uepe3 4 Henenn mociie KPHOAOIAINH B OITyXOJIH
MIpe/ICTaTeIbHON JKele3bl MalMeHTa OTMeYald CHH-
JKEHHE KOJIn4ecTBa T-peryisiTOpHBIX KIIETOK, IPOSB-
JISIOUINX UMMYHOCYIIPECCOPHBIE CBOMCTBA, MPUYEM
3TOT 3(h(HEeKT MPOSIOHTUPOBAJICS BIUIOTH 10 8-U He-
nend. BaxkHo, uTo cymnpeccupyromuii d3GQeKT 3Tux
KJIETOK ObLI 0OJiee BBIPAKEHHBIM, YE€M JI0 MPOBEIC-
HUSl TIpoLenypsl KpuoBo3zaeicTBus. MMMmyHOTpon-
HOE BIMSHHME KpHoadiauuu ObUIO ONMHCAHO elIe B
90-¢ roap! mpouwtoro cronetus P. Bayjoo u coast.
[4], xoTopbie cooOmmany 00 YCHIEHHH UTOTOKCHY-
HOCTH HarypanbHbIX KmimiepoB (NK) mocme kpwo-
XUPYpPrHYECKOTO BO3JEHCTBHS Ha WMILUIAHTHPOBAH-
HyI0 omyxoib TedeHu kpbic. G.G. Hamad u coaBT.
[14] Tak ke yka3pIBali Ha aKTUBAIIMI0 UMMYHHOTO
oTBeTa IMocyie Kpuoalmanuu (uOPOCaAPKOMBI MBI-
meit. B Oosnee mo3mHux paboTax Ha MOJCIH [JIHOMBI
y MBbIIICH ObUIO TIOKA3aHO, YTO MOCIE Kproadiauu
OIyXOJW ObUI HMHAYLUPOBAH MPOTHBOOITYXOJIEBBIN
KJIETOYHBII MMMYHHBII OTBET — B BHJE YyBeJU4e-
Husg kommuectBa CD3"- m CD4" T-kieTok, a Takke
NK-knerok B kpoBu [27]. C 3TuM cormiacyrorcs u
nanHble X. Yang M coaBT. [29], koTopble moATBEp-
KIAT, YTO TIOCIE KPUOAOJIalMi YBEIMYHBACT-
cst yuciio CD4" u CD8* T-kiieTok, coorHomenue Thl/
Th2 u ycunmBaeTcs HUTONUTHYECKAsT AKTHBHOCTH
nurotokcndeckux T-mumdoruto m NK-kireTox.
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firmed by D.N. Campbell et al. [5], which showed
a decrease in the expression of PD-1 receptor
(CD279) on the surface of lymphocytes after cryopre
servation. Since PD-1, binding to its ligand, sup-
presses the antitumor activity of T cells, it can be
considered that the anti-blastoma activity of lym-
phocytes exposed to low-temperature exposure is
enhanced. In response to cell stimulation with phor-
bol 12-myristate 13-acetate, cryopreserved lympho-
cytes responded with more intensive production
of interferon-y, which has antitumor properties,
than native cells [15]. Thus, there are the reasons
to believe that cryoablation allows the creation of
an antitumor vaccine inside the patient’s body and
a rise in functional activity of the ICCs. It should
be noted that today the use of vaccines based on
CSCs is a promising direction in experimental
and clinical oncology [17].

In clinical practice, significant changes in the
IS of patients after cryosurgical intervention were
noted. So T.G. Si et al. [21] 4 weeks after cryoab-
lation in a patient’s prostate tumor, a decrease in
the number of T-regulatory cells exhibiting im-
munosuppressive properties was noted, and this
effect lasted up to the 8™ week. It is important that
the suppressive effect of these cells was more
pronounced than before the cryotherapy. The im-
munotropic effect of cryoablation was described
back in the 90s of the last century by P. Bayjoo
et al. [4], who reported an increased cytotoxicity
of natural killer (NK) cells after cryosurgical treat-
ment of an implanted rat liver tumor. G.G. Ha-
mad et al. [14] also indicated an immune response
activation after cryoablation of murine fibrosar-
coma. Later studies in a model of glioma in mice
showed that after cryoablation of the tumor, an
antitumor cellular immune response was induced
in the form of an increase in the number of CD3*
and CD4" T cells, as well as NK cells in blood
[27]. The data of X. Yang et al. are consistent with
this [29], confirming that after cryoablation, the
number of CD4" and CD8" T cells and the ra-
tio of Th1/ Th2 are increased, and the cytolytic acti-
vity of cytotoxic T lymphocytes and NK cells en-
hances.

It is significant that the nature of the antitu-
mor immune response is determined by the type
of cell death after cryoablation. As noted above,
the cell death after cryodestruction is realized by
the development of necrosis or apoptosis in cells.
Necrosis leads to a rapid and massive release of
DAMP (damage associated molecular patterns —
DNA, RNA, heat shock protein-70 and uric acid),
activating the dendritic cells (DCs) and, in gene-
ral, a tumor-specific response [20]. In apoptotic
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Cy1iecTBEeHHO, YTO XapakTep NPOTUBOOITYX0JIEBO-
ro IMMYHHOTO OTBETa ONpEeIseTCS THIIOM THOeH
KJIETOK mocie Kpuoabmanuu. Kak Obuto oTrmedeHo
BbIllIe, THOENb KJIETOK MOCHIe KPHOAECTPYKINHU pea-
JU3yeTcs MyTeM pa3BUTHS B KJIETKaxX HEKpo3a Ju0o
anonro3a. Hekpo3 mpuBomuTr k ObICTpOMY M Mac-
cuBHOMY BBIZeneHnio DAMP (damage associated
molecular patterns — JIHK, PHK, Genok TemioBo-
ro moka-70 M MoueBas KHCIIOTa), aKTHBUPYIOIINX
nennputnele kietku (JK) u B mesnom omyxoub-cre-
uuduueckuit orser [20]. [Ipu anonToTHYecKkoi TH-
Oexm kierok /1K, HampoTuB, B Oonbliell Mepe WH-
OYLUPYIOT U MOJJAEPKUBAIOT UMMYHOCYTIPECCUBHOE
coctosinue [20, 22]. COOTHOLIEHUE HEKPOTHUUECKUX
1 allONTOTHYECKHX KIIETOK OyzeT onpeaesTs 3 dex-
TUBHOCTb KpHOAOIALUK, PEealn3yeMylo Yepe3 BEKTOP
HMMYHHOI'O OTBETa OpraHu3Ma.

B nocnennee BpeMs 00i1b1110€ BHUMAHUE yAEISIET-
Cs1 COUETaHHOMY IIPUMEHEHUIO KPHOa0Ialui U METO-
OB UMMYyHOTepanuu. Hanmpumep, mokasana BbICOKast
3G PEeKTUBHOCT, KOMOWHHPOBaHUS KpUOAOIauu |
UHTUOUTOPOB «4ueKk MomHTOB» [3]. Ocoboe BHUMA-
HUE 3aCiIy’KMBaeT a/JI0NTHBHAsI MPOTHUBOOIYXOJIE€Bas
MMMYHOTepanuss Ha OCHOBe wucnosb3oBaHus JIK,
KOTOpbIE BIEPBbIC ObUTM HACHTU(GHUIMPOBaHBI P.M.
[lrelinmManoMm u coanT. [24], 3a uto B 2011 rogy on
ob11 ynocroeH HobGenerckoit mpemun. Ha coOcTBeH-
HOM IIpUMEpE OH BIIEPBbIE JOOMJICS ONPEIEICHHO-
ro IMOJIOKUTEIBHOrO pesyasrara npumeHeHus K
IUIsl JIGYEHUsI OHKOJIOTMYEcKOro 3abosieBaHus. Jlns
ucnoip3oBanus JIK B KIMHUKE HEOOXOIUMO CO3-
JaTh WX 3arachkl U YCIOBUS IS JJIUTEIHHOTO Xpa-
HeHUs. B kadecTBe KpuoOmpoTeKkTopa MpH 3amopa-
KUBAaHUM KJIETOK MPEUMYIIECTBEHHO HCHOIb3YIOT
JAMCO, onHako J1Jisi CHUYKEHHUSI TOKCHYECKHUX CBOMCTB
MPETyCMOTPEHO €ro HCIOJb30BaHHE C JIPYTHMHU
Kpuornporektopamu [5]. B kadecTBe Takoro coemu-
HEHMS paccMaTpuBaeTcs MeTHOPMHH, YHUKAJILHOCTD
KOTOPOTO COCTOUT TAaKK€ B IPOTHBOOIYXOJEBBIX
cBoiictBax: uHrnOmpoBanne PCK, mMmyHOMOIYIS-
LSl C LEJIBIO MOBBIMIEHUsS] IPOTUBOOILYXOJIEBOM pe-
3UCTCHTHOCTH OHKOOONBHEIX [7, 25]. P. Xu u coaBT.
[28] oTmewanu, 9yTO MET(HOPMUH MOXKET WHTHOHMPO-
BaTh HAKOIUICHWE W MMMYHOCYIIPECCOPHBIE CBOWCTBA
MUEJIOUAHBIX CyIpeccopHbIX KieTok (G-MDSCs),
TEM CaMBbIM CJIEp’KUBasi IPOrPECCUPOBAHHE OMYXOJIU
Yy MBIIIEH € NEPEBUBAEMBIM PAKOM MOJIOYHOM JKe-
ne3sl CT-26. [leiicTBue MeThopMrHa HapaBJIeHO Ha
ycusenue QochopwinpoBaHus  5’aJeHO3MH-MOHO-
¢docdar akTHBUPYeMOil NPOTEMHKHHA3bI, CHI)KCHHE
ypoBHs pochopunupoBarns STAT3, uro mogasiser
narHONpytomyto Gyakmuo G-MDSCs in vitro. Kpo-
M€ TOro, JJaHHOE BeLIecTBO oOyamaeT Momuduuu-
pYIOIIMM JieiicTBUEM Ha (YHKLIMOHAJIBHYIO AKTHB-
Hocth camux JIK. Ilpu sTOoM Xapakrep OKa3bIBae-

cell death, DCs, on the contrary, to a greater ex-
tent induce and maintain an immunosuppressive
state [20, 22]. The ratio of necrotic and apop-
totic cells will determine the -effectiveness of
cryoablation, realized via the body’s immune res-
ponse vector.

Recently, much attention has been paid to the
combined use of cryoablation and immunotherapy
methods. For example, the high efficiency of com-
bining cryoablation and ‘check point’ inhibitors
has been shown [2]. Adoptive anti-tumor immune
therapy based on the use of DCs, which were
first identified by Ralph M. Steinman et al., de-
serves a special attention. [24], for this disco-
very in 2011 he was awarded with the Nobel Prize.
For the first time by his own experience he
managed to positively exemplify the application
of DCs to treat the oncology disease.

To use DCs in clinic, it is necessary to create
their stocks and conditions for long-term storage.
DMSO is predominantly used as a cryoprotec-
tant when freezing cells, but its use with other
cryoprotectants is foreseen for reducing the toxic
properties [4]. Metformin is considered as such a
compound, the uniqueness of which also consists
in its antitumor properties: inhibition of CSCs,
immunomodulation in order to increase the anti-
tumor resistance of cancer patients [6, 25]. P. Xu
et al. [28] noted that metformin can inhibit the
accumulation and immunosuppressive properties of
myeloid suppressor cells (G-MDSCs), thereby an
inhibiting tumor progression in mice with trans-
planted breast cancer CT-26. The action of metfor-
min is aimed at enhancing the phosphorylation of
5’adenosine monophosphate activated protein ki-
nase, reducing the level of phosphorylation of
STAT3, which slows down an inhibitory function
of G-MDSCs in vitro. In addition, this substance
has a modifying effect on a functional activity of
DCs themselves. Moreover, the nature of the ef-
fect is determined by the DCs belonging to one
or another subopopulation [8]. Due to such an ac-
tivity, metformin can be used as a cryoprotectant
for freezing DCs and subsequent application in
immune correction protocols for oncology patients
after cryoablation.

It should be noted that research in the field
of cryoimmunology should be based not only on
the use of substances with immune modulatory
and antitumor effects as well as the above-men-
tioned cryosurgical approaches, but should also
be aimed at developing new methods and approa-
ches, enabling the creation of new drugs and
technologies (nanostructures, nanotechnologies) to
enhance the effectiveness of cryovaccines.
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Moro 3ddekra onpenensercs npuHaIIeKHOCTHI0 JIK K
TOW MM MHOW cybononynsinuu [9]. baaronaps Takoit
AKTUBHOCTH MET(OPMHH MOXKET HNPUMEHSATBHCS Kak
KPHONPOTEKTOp Npu 3amopaxuBanuu JIK u ux moc-
JIelyoleM IPUMEHEHHUH OHKOOOJBbHBIM B IPOrpaM-
MaX UMMYHOKOPPEKLMH OCIe KproalalyH.
Cnemyer 3aMeTUTb, YTO HCCJIENOBaHUS B 00IacTH
KPUOUMMYHOJIOTAH JIOJDKHBI OCHOBBIBaThCS HE TOJb-
KO Ha HCIIOJNB30BAHMM BEIIECTB C HWMMYHOMOIYJIH-
PYIOIIMM M TIPOTHUBOOITYXOJIEBBIM JCHCTBUEM M BBI-
1€ yNOMSHYTBIX KPHOXHPYPTHYECKUX TTOXO0I0B, HO
OBbITh HalleJIeHbl Ha pa3padOTKy HOBBIX METOIONOTHI
U METO/IMK, KOTOpPBIE MO3BOJISIT CO3aTh HOBBIE Mpera-
patbl M TEXHOJOTWH (HAHOCTPYKTYpPbI, HAHOTEXHO-
JIOTHM) TS yerneHust 2(p()EeKTUBHOCTH KPUOBAKIIVH.

BriBoABI

IToBbillIeHHE TMPOTUBOOMYXOJEBOW aAKTUBHOCTH
OpraHr3Ma I0Cie Kproalianny OIyXOJEBOTO Cai-
Ta OOYCIIOBJIEHO yCHJIEHHEM WMMYHHOTO OTBETa 3a
CUeT KPUOMOJM(DUKAIMH OIYyXOJCBBIX AHTHICHOB.
OnHMM U3 BapHaHTOB IMOBBIIIEHUS aHTHOIACTOMHOMN
aktuBHOCTH MC OHKOJIOTHYECKUX OONBHBIX SIBISIFOTCS
COUYETAaHHOE HCIONBb30BaHUE KPHOAOIalMi M pa3HbIX
(opM MMMyHOTEpaIriy, B YaCTHOCTH, MHTMOMTOPOB
«YEeK IOMHTOB»,a TaKXKe BBEICHHE pa3HbIX (OpM
JK, KoTOpble OTKPBIBAIOT HOBBEIE TEPCIIEKTUBHI B
0e3peluANBHOM JICUEHUH paKa.
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Conclusions

Increase of anti-tumor activity of a body after
cryoablation of tumor site is stipulated by anti-
tumor immune response due to cryomodification
of tumor antigens.

One of the options for increasing the anti-blas-
toma activity of the tumor carrier IS is the com-
bined use of cryoablation and different forms of
immunotherapy, in particular, ‘check point’ inhi-
bitors, the introduction of various forms of DCS
etc., that opens up new perspectives in cancer-
free treatment.
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