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Cancer Stem Cells in Tumor Pathogenesis after Cryoablation

Pedepat: B 0630pe ocBelleHbl HEKOTOpbLIE HaMpaBreHUs Tepanuu 3nokavyecTBEHHbIX HOBOOBpa3oBaHWI, B YACTHOCTH,
KpUOAECTPYKUMA conuaHbix onyxonei. O6cyxaaeTcs BO3MOXHOCTb UCMNONb30BaHUS MeToAa Kpuoabnauum Kak MHCTPyMeHTa
HanpaBreHHOro BO34ENCTBUS U MHAKTUBALMU CTBOJIOBBIX PAKOBbIX KNETOK, ABMSAOLWMXCA rMaBHOW CTPYKTYPHOW eAuHWLEeR UHK-
unauuu, nogaepxaHvus pocta U mMeTtacTta3upoBaHusi onyxonein. MNpoBeaeH aHanu3 AaHHbIX NUTEpaTypbl OTHOCUTENBbHO (hEHOTU-
NMUYECKNX U (PYHKLMOHANbHBIX OCOBEHHOCTEN ONYyXOMNb-MHOYLUPYOWUX KNeToK, B TOM 4yucne kak 6onee noteHTHbix CPK, Tak u
NpoABUHYTBLIX B AnddepeHUnpoBKe MX NOTOMKOB, XapakTepa BIUSIHAA Ha HUX XONoAoBbIX hakTopoB. PaccMoTpeHbl OCHOBHbIE
nyTv onTUMU3auun NpUMeHeHUs meToAda Kpuoabnauuu B KIMHUYECKOW MpakTuKe.

KnioyeBble crnoBa: 3nokavyecTBeHHble HOBOOOpa30BaHWsi, CTBONOBbLIE pakoBble KNeTku, kpuoabnauwus.

Pecbepar: B 0630pi BUCBITNEHO Aesiki HANPsSIMKX Tepanii 3NnosikiCHUX HOBOYTBOPEHb, 30Kpema, KpioaecTpyKuUis COnigHMX MyXMuH.
O6GroBOpHETLCH MOXITUBICTL BUKOPUCTAHHA MeToay Kpioabnauii sik iHCTpymMeHTa crnpsiMoBaHoi Aii Ta iHakTuBauii cToBGYpoBuUx
pakoBMX KNITWUH, IKi € FTOMIOBHOI CTPYKTYPHOI OAWHMLEI iHiuiauil, niaTpUMKM pocTy Ta MeTacTasyBaHHs NyxnuH. MNposeaeHo
aHani3 gaHux nitepatypu wono PeHOTUNOBUX i (PYHKLIOHANbHUX OCOGNMBOCTEN MYyXMUHHO-IHOYKYHOUUX KIITUH, Y TOMY YuChi SIK
6inbw noteHTHUXx CPK, Tak i npocyHyTux y AndepeHuiloBaHHiI iXHIX HallaakiB, XapakTepy BMIUBY Ha HUX XOMOAOBUX (hakTopis.
Po3rnsiHyTo OCHOBHI LWNsSXM ONTMMI3aUii 3acTocyBaHHS mMeToay Kpioabnauii y kniHiuYHiA npakTuui.

Knio4oBi cnoBa: 3nosikicHi HOBOYTBOPEHHSI, CTOBOYPOBI pakoBi KniTUHK, Kpioabnauisi.

Abstract: The review highlights some areas of malignant tumor treatment, particularly the cryosurgery of solid tumors. There is
discussed the possibility of using the method of cryoablation as a tool for targeting and inactivation of cancer stem cells, being the
main structural unit, initiating, maintaining growth and tumor metastasis. The publications regarding the phenotypic and functional
characteristics of tumor-inducing cells, including both more potent CSCs and advanced in the differentiation of their descendants, the
nature of cold factor impact on them were analyzed. The main ways to optimize the use of cryoablation technique in clinical practice

are under consideration.
Key words: malignancy, cancer stem cells, cryoablation.

AKTYanbHOCTH PEIIEeHHS TPOOIEMBI JISUSHHSI 3710~
KadeCTBEHHBIX HOBOOOpPa30BaHUI OMpenesieTcs
MTOCTOSIHHBIM YBEIIMYCHHEM TI0Ka3aTelel 3aboeBae-
MOCTH PaKOM, CJIO)KHOCTBIO CBOEBPEMEHHOM TNarHoc-
TUKH U JICYEHUS1, BLICOKUM YPOBHEM MHBAIHUIU3AIUU
U JIETaIbHOCTH.

B nacrosmee Bpems A7 Je4eHUs] OHKO3a00eBa-
HUU IPUMEHSIOT XUPYPTUUECKYIO PE3EKIUI0, XUMHO-,
panno-, TopMOHO-, IMMYHOTEPAITHIO MITH X KOMOWHA-
umio. Tem He MeHee HU ONWH U3 yKa3aHHBIX METOIOB
HE SIBIISIETCS COBEPUICHHBIM, I03TOMY BaXKEH MOMCK
AJBTEPHATUBHBIX CITOCOOOB JICUCHHSI TAaHHOU TIaTOJIO-
ruu [33]. Ocoboro BHUMaHHUS 3aCTyKHBAET TaKOH
METOJ KpUOXHUPYPIUH, KaK Kproabiianus OmyXoJiH,
KOTOPBIH BIIEpBEIC OBLI alipoOHpOBaH B cepeanHe 60-x
rogoB XX cronetus [32]. CerogHs oH cyuTaecTcs
MUHUMAaJIbHO HHBA3UBHBIM U MO3BOJISIOIIMM KOHTPOIH-
pyeMo pa3pyuiaTh TKaHU-MHUIICHU U, B YaCTHOCTH,
I ——
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The relevance of solving the problem of treating
the malignant tumors is determined by a constant
increase in the cancer incidence, the complexity of
well-timed diagnosis and treatment, high morbidity and
mortality.

Current treatment of oncology diseases involves
surgical resection, chemo-, radio-, hormonal, and
immune therapy, or their combination. Nevertheless,
none of these methods is perfect, so it is important to
find alternative ways of this disease treatment [33].
Of particular attention is a method of cryosurgery, a
tumor cryoablation, which was first tested in the mid-
60s of the twentieth century [32]. Today, it is considered
as minimally invasive and allowing a controlled
destruction of the target tissues and, in particular,
tumors. Due to novel technologies allowing the
visualization of the freezing zone isotherm spreading

the scope of this method has significantly expanded
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oryxonu. braronaps nosiBIEHNIO COBPEMEHHBIX TEXHO-
JIOTUH BU3YyaJIM3allMi IUHAMUKHI U30T€PMBI 30HBI 3aMO-
PaKMBaHUS 3HAYUTEIBHO PaclIpuiack 00JI1acThb Mpu-
MeHeHus 3Toro metona [15]. Kpuoabmamus moxer
MIPOBOJAUTHCS JIAAPOCKOMUYECKH, TEPKYTAHHO O
rxoHTposeM Y3 unu KT, a Takke OTKPBITBIM CIIOCO-
6om [43]. 1o cpaBHEHHIO C APYTUMH METOAAMH JIede-
HUS OHKOJIOTHYECKHX 3a00JIeBaHMiT OHa 00TaaeT MHO-
TUMH IPEUMYIIIECTBAMU: BEICOKON 3()(hDeKTUBHOCTHIO,
0e300J1e3HEHHOCTBI0, OTCYTCTBHEM KPOBOTEUEHUH,
OBICTPOI OPraHOTHUIINYECKOH pereHepauei, OTCyTCT-
BHEM 3HAUUTEIEHOMN OOIIEH peakiuu 1 00Jiee KOPOTKOH
IIPOIOIDKUTEIBHOCTHIO rocrutanm3armu [48]. Kproaod-
nauus HanOonee 3pheKkTuBHA B TEX CIydasx, Koraa
HEBO3MOKHO NTPOBECTHU 3KCTUPIALIUIO OITyXOJIH CTaH-
JApTHBIM XUPyprudecKuM myTeM [8, 49]. Oqnaxo nan-
Hble KIIMHWUYECKON CTaTUCTHUKH CBUIETENHCTBYIOT O
TOM, YTO MPH UCIOITH30BAHMHN YKa3aHHOTO METO/a
HEIOCTaTOYHO IPOMOPAKUBAETCS OITyX0JIb, 0COOEHHO
€CIJIM OHa uMeeT OOJTBIION 00beM TN HeTPaBUIIbHYIO
dbopmy [50, 70]. bonee Toro, OBLIO MOKA3aHO, YTO
[IOCJIe MECTHOM KPHOAECTPYKIIUHU OITyXOJIH HaOmroa-
Jack CTUMYJISIIIUSA OIyXoJieBoro mporecca [60, 68].
Bo3moxHO, 4TO N0A00HKIH (hEHOMEH MOKET OBITH OT-
gacTu 00yCJIOBJIEH «OCOOBIM» OTBETOM Ha KPHOBO3-
JeHCTBUE MPUCYTCTBYIOLIEH B HEOIIIa3UsIX CyOIOIyIisi-
LUK CTBOJIOBBIX pakoBhiX KieTok (CPK), koropsie
CIIOCOOHBI HE TOJIBKO (OPMHUPOBATH IIEPBUYHBIC 3JI0Ka-
YEeCTBEHHBIE CAlThI, HO M OTBEYATh 3a MOJCpKAHHE
pocTa ¥ MeTacTa3upoBaHue omyxoiei [6, 21, 40]. Tak,
Ut (pOpMUPOBAHS HOBO OITYyXOJIM JOCTATOYHO MPH-
cytctBre Beero 10 Ki1eTok ¢ GeHOTUITHYECKHUMH Xa-
pakrepuctukamu CPK, xotopsie B 10-50 pa3 npeBbI-
IaI0T KaHIIEPOT€HHOCTh JPYTHX KIETOK orryxomnu [ 10].

Teopust CPK u ee 3HaueHHe B OHKO0J10THH

Konuenuus cymectBoBanus CPK He HOBa U ee cTa-
HOBJICHHE KaK TEOPUU UMEET JUIUTEIBHYIO HCTOPHIO
[23]. Tak, B 1963 r. W.B. Bruce u H.A. Van Der Gaag
[17] oOHapy) I HEOOIBITYIO TOMYJISIIHIO KIETOK
JTAM(OMBI MBIIIIEH, KOTOPBIE OBLTN CTIOCOOHBI TIPOITH-
dhepuposarth in vivo. llomobubie HAOMIONCHHS OBLTH
CAeNaHbl ¥ B OTHOIICHUH KJIETOK MUEIOMBI MBIIIEH
[14]. ITo3xe C.H. Park u coasrt. [54] mokazanm, 910
oxono 0,1% nefikeMHIecKuX KIETOK CIIOCOOHBI (hop-
MHUPOBATh KOJIIOHUM B arape. JlaHHbIe UCClIeOBaHUs
TO3BOJIUIIU CJIENIATh PEATOJIOKEHIE O TETEPOTSHHOC-
TH pakoBBIX KileToK. HanGonee yOequrensHbie qaH-
HBIE, CBUJICTENBCTBYIONME O cymiecTBoBaHuU CPK,
ObUTH TTONTy4YeHbl B 1994 1. rpynnoil y4eHsIX moJ pyKo-
BoactBoM J.E. Dick. DxcriepuMeHTHI TPOBOAMIHN Ha
muausgx Meimei SCID (severe combined immunodefi-
ciency) mm NOD-SCID (non-obese diabetic-severe
combined immunodefficiency), y KOTOPBIX OTCyTCT-
ByeT IMMYHHAas peakiusi Ha KCeHOTPaHCIUIaHTAIHIO
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[8]. Cryoablation can be performed laparoscopically,
percutaneously under ultrasound or CT control, and
using open method as well [43]. If compared with other
methods of cancer treatment, it has many advantages:
high efficiency, painlessness, absence of bleeding, fast
organotypic regeneration, lack of a significant systemic
response and shorter duration of hospitalization [48].
Cryoablation is most effective when it is impossible to
carry out standard surgical tumor extirpation [1, 49].
However, the clinical statistic data indicate the incomp-
lete freezing of the tumor following the application of
this method, especially if it has a large volume or
irregular shape [50, 70]. Moreover, a stimulation of
tumor was shown after tumor local cryoablation [60,
68]. This phenomenon likely may be partially stipulated
by an individual response to cryoeffect observed in
cancer stem cells (CSCs) subpopulation present in
neoplasia, which are capable of not only generating
primary malignant sites, but also responsible for
maintaining the growth and metastasis of tumors [15,
30, 40]. In particular, the presence of only 10 cells
with phenotypic characteristics of CSCs is enough to
form a new tumor, and their cancerogenic potential is
10-50 times higher than other tumor cells [3].

CSC theory and its significance in oncology

The concept of CSC existing is not new and its
establishing as a theory has a long history [17]. In 1963,
W.B. Bruce and H.A. Van Der Gaag found a small
population of mice lymphoma cells, which were able
of in vivo proliferation [11]. Similar observations were
made also in mice myeloma cells [7]. Later, C.H. Park
et al. [54] showed that about 0.1% of leukemic cells
could form colonies in agar. These studies led to the
assumption of the heterogeneity of cancer cells. The
most convincing evidence of the existence of CSCs
were obtained in 1994 by the team of scientists headed
by Dr. J.E. Dick. The experiments were carried out in
SCID (severe combined immunodeficiency) or NOD-
SCID (nonobese diabetic-severe combined immuno-
deficiency) mice, which had no immune response to
xenotransplantation of human cells. In this study, the
authors have identified a subpopulation of CSCs of
acute myeloid leukemia (AML) with specific surface
markers CD34%/CD38", which being transplanted to
SCID mice were able of generating a large number of
colony-forming progenitor cells, whereas the cells with
phenotype CD347/CD38* and CD34~ did not possess
these properties [44]. However, for a long time the
researchers were not sure if this theory could be extra-
polated to solid tumors. Recent reports have confirmed
the existence of CSCs in numerous solid tumors of
brain, colon, breast, pancreas, prostate, liver, lungs, as
well as mesenchymal tumors and ovarian carcinomas
[3, 18, 40].
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YeJI0BEYECKUX KIETOK. B maHHOM mccieqoBaHUU
aBTOpamu OblIa WACHTU(UIHPOBAaHA CYOTIOMYSIUSA
CPK ocrtpoii muenounHo# neiikemun (OMJI) co crierm-
(uyecKuMHU MOBEPXHOCTHBHIMH Mapkepamu CD34+/
CD38", xoTropsle IpH WX TPAHCILUIAHTAIIMN MBIIIIaM
suaun SCID 6butH crioco0HBI YOPMHUPOBATH 0OJIBIIIOE
KOJIMYECTBO KOJIOHHEOOPa3yoIuX IPOreHUTOPHBIX
KJIETOK, B TO BpeMs Kak KJIeTku ¢ peHotunamu CD34/
CD38" u CD34 ue oOmaganu JaHHBIMHA CBOMCTBAMHU
[44]. Onnako MccieaoBaTeNd A0JITOe BpeMs He ObLIH
YBEPEHBI B BO3MOKHOCTHU HKCTPATIONISLIMHA TAKOH T€O-
YU Ha cONUHBIE onmyxonu. B mocneanue roasl nomy-
YeHbI JaHHBIE, TTOATBEPHKAAIOIINE CYIECTBOBAHNE
CPK B MHOTOYHCIIEHHBIX COJTUIHBIX OITYXOJISX TOJI0B-
HOT'0 MO3ra, TOJICTOW KMILKH, MOJOYHOH, MOJKEILy-
JIOYHOM, Ipe/ICTaTENbHOM JKee3bl, ICUCeHHU, JIETKUX, a
TaK)Ke€ B ME3CHXUMAILHBIX OMYXOJISIX M OITyXOJSAX
suanuka [ 10, 24, 40].

B nacrosimee Bpemst mupoko o0cyKaaeTcs KoH-
uenuus dnumuHau CPK, kotopas nexXuT B 0CHOBE
HOBOTO HAIpaBJICHUS OHKOJIOTHH — «T€PAHOCTHKI,
T. €. COYETaHNS TUATHOCTUKH U CIEIHU(PHIECKOTO Jie-
YEHUS, IPOBOJAUMOrO C YUETOM MHAUBUAYATbHBIX
noKasatesieil 00IbHOTO.

B 2011 r. Ha xouTpecce EBpornetickoii Accormarum
TeMaToJIOTOB OBUTH PACCMOTPEHBI HEKOTOpPbIE TIOTEH-
uuanbHeie MyTU ycnemHou snumunanuu CPK. Bo-
MEPBBIX, 3TO OTKa3 OT TE€PAIUH 3JI0KaYE€CTBEHHOIO
pocta narnouTopamu Trpo3uH kuna3z (MTK) u, Bo-BTo-
PBIX, pa3paboTKa HOBBIX CITOCOOOB AMTUMHUHAIINHN OCTa-
tounblx CPK. Brina goka3zana Heap(heKTUBHOCTH
neuenns UTK, mockoneky CPK, kak v 00nbIIMHCTBO
CTBOJIOBBIX KJIETOK, HAXOIATCS B COCTOSTHUY TIOKOA, U,
CJIEZIOBATENIbHO, OHH YCTOWYMBHI K TAKOTO POJia Iperia-
pataM. B 4acTHOCTH omucaHbI Clydau MOSBICHUS
PEIHUINBOB Y OOJILHBIX C XPOHHYECKUM MHEIIOJICHKO-
30M, JICUUBIITNXCS UMAaTHHUOOM [38, 66].

OtcyrctBue gyBctBuTenbHOCTH K MU TK nefikemu-
YECKUX CTBOJIOBBIX KJIETOK U €€ MOSABJICHUE Y ITPOr'€HU-
TOPHBIX KJIETOK MOKHO OOBSICHUThH BIUSTHUEM TaKUX
[IperapaToB Ha HAXOAIINECS Ha dTAIle JIeeHUs KIIeT-
K, T. €. Ha 6onee muddepeHInpoBaHHBIC, a HE Ha T10-
kosimmuecst (CPK) [20]. YuutsiBas naHHBINA (akT,
HEKOTOPBIE MCCIIEA0BATENN CYUTAIOT, YTO HEOOXOAHU-
Ma pa3paboTKa MOIX0I0B, CIIOCOOHBIX TMMHUHUPOBATH
«crsme» CPK wnwm 3actaButh ux nuddepeHnnpo-
Bathes [11]. ABTepHATUBOM MOXET OBITh U JAPYTOU
MyTh, KOTOPBIN o0ecreunBaeT Oe3peIuBHOE Teue-
Hue 3a00eBaHus: HeoOxonumo «3acTaBuTh» CPK kak
MOYKHO JIOJTbIIIE TTPEeOBIBaTh B COCTOSHUM MOKos. [1pa-
BOMEPHOCTH JAaHHOT'O T€3UCa MOATBEP)KIAETCS HAJH-
YHEM «BSUIOTEKYIIUX» U PO epUpyonmx» Gopm
OCTPOW MUETIOUJIHOU JIEMKEMUH, U, COOTBETCTBEHHO,
Ppa3HOM POJOIDKUATEITBHOCTH PEMUCCHH Y OONBHBIX [53].
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Nowadays there is a wide discussion on the concept
of the CSCs elimination, which underlies the new
direction of oncology, ‘theranostics’, i. e. a combination
of diagnosis and specific treatment, carried out taking
into account the patient’s individual parameters.

In 2011, the Congress of the European Hematology
Association considered some of the potential ways of
successful elimination of CSCs. Firstly, this is avoiding
the treatment of malignancies with tyrosine kinase
inhibitor (TKI), and, secondly, the development of new
ways to eliminate remaining CSCs. There has been
shown an inefficiency of TKI treatment since the CSCs
as most stem cells are quiescent, so they are resistant
to such drugs. In particular there were described the
relapses in the imatinib-treated CML patients [38, 66].

The absence of sensitivity in leukemic stem cells
to the TKI, and its appearance in the progenitor cells
can be explained by the difference of the effect of
these drugs on cells, being in mitosis stage, i.e. more
differentiated, but not quiscent ones [ 14]. Considering
this fact, some researchers suppose the need of
developing the approaches enabling the elimination of
the quiscent CSCs or their differentiation [4]. An
alternative may be another way that provides recur-
rence-free course of the disease: it is necessary to
‘force’ the CSCs to stay dormant as long as possible.
The validity of this thesis is confirmed by the presence
of ‘low-intensity’ and ‘proliferating’ forms of acute
myeloid leukemia, and, accordingly, different duration
of remission in patients [53].

It is known that the stem and cancer stem cells
have similar phenotypic and functional properties [58,
65], but when searching the effective treatments of
oncology diseases, it is important to find out possible
fundamental differences between them.

Phenotypic characteristics of CSCs. Numerous
experimental and clinical data allowed the revealing
of specific markers for CSCs, including immunopheno-
typic ones (Table). The CSCs in tumors of various
histogenesis and localization are phenotypically diffe-
rent, although some of the markers (e. g., CD133 and
CD44) are common for CSCs of many tumor types.
The prominin-1 (CD133) was identified firstly in rat
neuroepithelial stem cells [67], later the monoclonal
antibodies to AC133" were derived for identification
of hematopoietic stem cells from bone marrow, cord
blood, and fetal liver. This antigen was later identified
as a homologue of prominin-1 in humans [69]. Promi-
nin-1 is a marker for many CSCs including those of
glioma, colon, lung, liver and prostate cancer [2, 41,
46, 74, 75]. It is present on the cells of tumor-initiating
population in many solid tumors, but apparently does
not affect the properties of the CSCs. Knockout of
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N3BecTHO, 4TO CTBOJNIOBBIE U CTBOJIOBBIE PAKOBBIE
KJIETKH 00JIaJlal0T CXOKUMH (PEHOTUIIHYECKUMU H
(YHKIIMOHATBEHBIME CBOMCTBaMHU [58, 65], onHaKo 11s
norcka 3()(HeKTUBHBIX METOIOB JICUCHHUSI OHKO3a0o01e-
BaHUI Ba)KHO YCTAHOBUTH BO3MOKHBIE TPUHITUITHAITb-
HBI€ Pa3IAYHsI MEXKITY HUMH.

Denomunuuecxue xapaxmepucmuxku CPK. Ha
OCHOBaHUY MHOTOYHCIICHHBIX SKCTIEPUMEHTAIBHBIX 1
KJIIMHAYECKUX TAaHHBIX yCTaHoOBJIeHO, 9To 1t CPK cy-
HIECTBYIOT «CHEIU(DUISCKUE» MAPKEPHI, B TOM YUCIIC
nMMyHOpeHoTunueckue (tadmura). [Ipu atom CPK
OMyXOJIeH Pa3IUYHOTO TUCTOTEHE3a U JOKAIU3aLUU
(heHOTUINYECKH OTIIMYAFOTCS, XOTSI HEKOTOPhIE MapKe-
pol (Hampumep, CD133 u CD44) sBisirorcst 00mumMu
st CPK maorux tumos omyxoseii. IlepBoim ObLn
UASHTUDHUITIPOBAH Ha KPBICUHBIX HEHPOITUTETHAITb-
HBIX CTBOJIOBBIX KileTkax npomuuuH-1 (CD133) [67],
03Xe OBLIH IMTOTy9YE€HBI MOHOKJIOHABHBIE aHTUTENA K
antureny AC133 mis uneHTrduKanuy reMonod3TH-
YECKHMX CTBOJIOBBIX KJIETOK KOCTHOTO MO3Ta, KOPAOBOU
KpOBH B SMOPHOHAIILHOM TIeUeHH. J|aHHbIN aHTUTEH B
JNanbHeeM OblT HISHTU(DUITUPOBAH KaK TOMOJIOT
npoMuHUHA-1 y yenoseka [69]. [IpomunnH-1 aBnsercs
mapkepoM a1 MHorux CPK, B Tom uncie CPK mmom,
paka KUIIEYHHKA, JETKUX, IEYEeHU U IpocTaThl [9, 41,
46,74,75]. OH IpUCYTCTBYET Ha OITyXOJIb-MHULIUUPYIO-
1IeH NOMYJSALKY KIETOK BO MHOTHX COJMJTHBIX OITyXO-
JISIX, HO, BUIUMO, He BiusieT Ha cBoiicTBa CPK. HokayT
reHa IMPOMUHHWHA-1 B M30JIMPOBAHHBIX y MMAIIIEHTOB
KOJIOPEKTATBHBIX OIYXOJIEBBIX KJIETKAaX 3HAYUTEIHHO
HE CHIKAJI FIX OITyXOJTb-WHTYIIUPYIOIIYIO CIIOCOOHOCTb.

st 6omee Tounoit naentudukamuu CPK B aTHx
OMYXOJISIX TPeAiaraeTcsi He TOJMbKO OLIEHUBATh KC-
npeccuro CD133, HO ¥ HCTIONB30BATH AOMOTHUTEBLHBIC
MapKepsl: 41 paka nedeHu — CD24, Mo4eBoro my3sl-
psa—67LR, muTOBUAHOMN 1 MOJIOYHOM Kene3sl — CD44
[25,40].

B oTnnune oT npoMuHuHA-1 CHMXKEHHE CTEIICHU
akcripeccuu CD44-MomeKymsl u ee n30(hopM B OITyXO-
JIEBBIX KJIETKAX METACTATHYECKUX JINHUI MOXKET 0J10-
KHPOBAaTh METACTa3UPOBaHUE [52], a Y aCIIUTHYECKUX
OITyXOJIEBBIX KJIETOK CHIKATh OIyXOJIb-HHIYLUPYIO-
nryro cnocobHocts [31]. Tak, mocie BBeneHus dhpak-
mn CD44"-xiteTok ageHokaprnHOMBI Dpiuxa (AKD)
B IEPUTOHHAIBHYIO TIOJIOCTh UX a0COIIOTHOE KOJIH-
YECTBO Ha 7-€ CYTKH KYJIIETHBUPOBAHUS 71 ViVO OBLIO B
2,3 pasa BbIllIe, Y€M IOCJIe BBEICHHs 00MIei cyc-
nier3un kiaetok AKD, u B 4,2 paza Gosblie, 4eM mocie
BBeAeHus Gpakuun CD44~. [Ipu sTom pasnuuune sKkc-
npeccuu kietok no CD44 monexyne onpeaensio He
TOJIBKO WX OITyXOJb-HHIYIIUPYIONIYIO0 CHOCOOHOCTB, HO
U T€TepOreHHOCTh B (POPMUPYEMOM UMH ITyJI€ KIETOK.
B omyxomnu, chopmuposannoi CD44*-dpakimeit, Ob110
OTMEUYEHO YBEJIUYEHUE SKCIPECCUH T'eHa S0X2, 4TO
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prominin-1 gene in colorectal tumor cells isolated from
the patients did not significantly reduce their tumor-
inducing ability.

For more accurate identification of CSCs in these
tumors it is proposed not only to assess the expression
of CD133, but to use the additional markers: CD24 for
liver cancer, 67LR for bladder, CD44 for thyroid and
breast cancer [19, 40].

Unlike prominin-1 the reduced expression rate of
CD44-molecule and its isoforms in tumor cells of
metastatic lines can block metastasis [52], decrease a
tumor-inducing ability in ascitic tumor cells [28]. For
instance, the introduction of CD44" cell fraction of
Ehrlich’s carcinoma (EC) into peritoneal cavity resulted
in 2.3 fold increase of their absolute number to day 7
of culturing in vivo if compared with introduction of
total suspension of EC cells, and 4.2 fold if compared
with administration of CD44 fraction. Herewith the
variable expression of CD44 molecule determined not
only cell tumor-inducing ability, but heterogeneity in
the pool of descending cells. The tumor formed by
CD44" fraction had an increased sox2 gene expression,

KneToyHo-noBepxHOCTHbIE MapKepbl (dheHoTumn)
CTBOJIOBbIX PaKOBbIX KNETOK

Cell surface markers (phenotype) of cancer stem cells

Tun CopeprkaHue KneTok
C [laHHbIM
onyxonu/nokanusauua deHoTun deroTunom, %
tumo;r/ropceal(i);ation Phenotype Content of cells with
stated phenotype, %
MonouyHasn xenesa N -
Mammary gland CD44+CD24 11-35
l'onosHoit mosr cD133+ 5-30
Brain
MpocTaTa CD44+CD133*02p1- 0,1-3
Prostate hi CD44+CD24 0,1-3
MopxkenynoyHan
xenesa CD44+CD24 ESA* 0,2-0,8
Pancreas
fleeny CD133+CD24- 1-3
iver
KuweyHumk CD133* unwu/or
Intestine ESANCD44 1,8-24.5
lonosa u wen .

Head and neck CD44 <10
Tlerkme CD133+ 0,3-22
Lungs

omMn

Acute myeloid CD34+CD38* 0,2-1

leukemia

MHoxecTBeHHanA

Muenoma CD138* 2-5
Multiple melanoma

MenaHoma CcD20+ ~20

Melanoma
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COMNPOBOXKIATOCH POPMHPOBAHUEM ITPEUMYIIIECTBEHHO
ki1eTok ¢ penorunom CD44" 1 CD44°CD24 . B Toxe
Bpemst ¢pakmus CD44- nannumpoBana KyaeTypy ¢
BBICOKOW 3KCIpeccuell reHa oct4 U BBICOKUM COAEp-
xaaueM cyononyisnuit CD44°CD24%, CD44-CD24.
N3BecTHO, uTo Timkonporena CD44 mpencrasisieT
coboii perenitop Juist ruanyponoBoit kucnotsl (I'K),
ABJISIOIIECS TTIABHBIM KOMITOHEHTOM BHEKJIETOUHOTO
MaTpukca. Bo MHOruX Tunax omyxoseil B pe3ynbTrare
ca3biBanuA ['K ¢ CD44 akTuBupyroTCs pelienTopHbIE
THpo3nHKHHA3bI, BKItoyass EGFR u ERBB2. Oto
MPUBOAMT K MOBBIICHHOH MPoIUQepanuy KIEeTOK 1 UX
YCTOMYMBOCTH K POBOUMOMN XUMHOTEPAIIHH OTIOCPE-
noBaHHO yepe3 aktuBanuio MAPK u PI3K/AKT
myTeit coorBeTcTBeHHO. [mikomnporens CD44 cam o
cebe WM B KOMOMHAITUH C IPYTHMHU IOBEPXHOCTHBIMHU
MapKepaMu Hcmoiib3yeTces s BeiaeneHus CPK u3
MHO>KECTBA OITyXOJIEBHIX KJIETOK, B TOM YHCJIE U PAKO-
BBIX KJIETOK MOJIOYHOM, IMOKEITYyAOYHOMN JKee3Hl,
MPOCTATHl, KHIIEYHNKA U CKBAMO3HO-KJIETOYHBIX
KapIIMHOM TOJIOBHI U 1IeH. B pe3ynprare nccienosa-
HUs QyHKIMOHAIBHOH reTeporeHHocTr CD44*-kierok
YCTaHOBJIEHO, YTO HAHOOJIbIIEH TYMOPOT€HHON aKTHB-
HocThio 0OnagaroT CPK ¢ BEICOKMM ypOBHEM 3KC-
npeccun Mapkepa (CD44M) [29, 37]. Ipu oproTomnu-
yeckoi uMmIanTaimu 5x10° RAS-tpanchopmupoBan-
ueix CD444- i1 CD44'"°-xnetok NOD/SCID meimiam
cyo-momysist CD44° o6iamana HU3KOH TYMOPOTEH-
HOCTEIO (omyXoib hopmupoBaiack B 30% cirydaes), B
10 BpeMsi kak CD44M-kiieTku GbUIH CrIOCOOHBI (Op-
MupoBath ormryxoiu B 100% cimydaes [19].

Cremyer OTMETUTH, YTO Ha pasHbIX 3Tanax ¢op-
mupoBanus onyxonu CPK skcnpeccupytoT Mapkepsl,
CBOMCTBEHHBIE KJIETKAM JPYTMX T'MCTOr€HETUYECKUX
JIMHUMH B yCIOBHUAX (PU3NOTOTMUECKOTO Pa3BUTHS Opra-
Husma. Tak, CD138-mapkep TepMUHAIBEHO AU depeH-
LMPOBaHHBIX B-KIETOK Takke 3KCIpeccHpyeTcs Ha
CPK MHOXECTBEHHO MHUETOMBI (TIa3MaruTapHast
3JI0Ka4€CTBEHHOCTH). OO0mMM 111 UACHTH(PUKAUN
CPK ocTporo MuenoreHHoro jieiikoza 1 HOpMaJIbHBIX
pPaHHUX TEMOTIO3TUYECKHUX MPOTEHUTOPHBIX KIIETOK
seusgercs denorun CD34*CD38 [65]. B kieTkax
CBETJIOKJIIETOYHOT'O paKa IMOYKH H HeAu(depeHIn-
POBaHHBIX KJIETKaX KapLIUHOMBI HACHTU(DHULIUPOBAHEI
OITyXOJIb-MTHULIMHMPYIOIINE KIETKH, SKCIIPECCUPYIOIINE
MapKep ME3eHXUMAaNbHBIX CTBOJIOBBIX KileTok CD105
[58].

Kpuoabnayua u nymu ee onmumuzayuu. Hanu-
yne CPK B omyxonu sBiIs€TCS OCHOBHOW MPUIHMHON
PEONIUBOB ITOCJIC IMTPOBCACHNA OIIEPAaTUBHOI'O BMEIIA-
TenbeTBa. [Ipu XUpyprudeckoM HCCEYeHNH OITyXoJie-
Bo#t Tkauu CPK MoryT momanats B KpoBSIHOE PYCIIO C
TTocIeAyIomeH ux auccemuHanmei [47]. Kprnoabmarms
cnocobHa «dukcupoBarsy CPK B omyxoneBoM caiite,
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accompanied by the predominance of CD44" and
CD44°CD24 phenotype among the progeny. At the
same time the CD44 fraction initiated the culture with
high expression of oct4 gene and high content of
CD44+CD24*, and CD44-CD24" subpopulations. It is
known that the CD44 glycoprotein is a receptor for
hyaluronic acid (HA) being the main component of
extracellular matrix. Binding of HA with CD44 results
in activation of receptor tyrosine kinases, including
EGFR and ERBB2, in many types of tumors. This led
to an increased cell proliferation and resistance to
chemotherapy indirectly through activation of MAPK
and PI3K/AKT path-ways, respectively. Glycoprotein
CD44 per se or together with other surface markers
is used for selection of CSCs from various tumor cells,
including breast, pancreatic, prostate, colon, and
intestine cancer cells, squamous cell carcinomas of
the head and neck. The study of functional heteroge-
neity of CD44" cells demonstrated that the highest
tumorogenic activity was inherent to the CSCs with a
high expression rate of the marker (CD44") [29, 37].
Following orthotopic implantation of 5x10° of RAS-
transformed CD44" and CD44" cells to NOD/SCID
mice the CD44'" subpopulation possessed a low
tumorigenicity (tumor was for-med in 30% of cases),
while CD44" cells were capable of forming tumors in
100% of cases [13].

It should be noted that at the various stages of tumor
formation the CSC express the markers characteristic
for cells of other histogenetic lines under physiological
development of an organism. For instance, the CD138-
marker of terminally differentiated B-cells, is also
expressed on multiple myeloma CSCs (plasmacyte
malignancy). Uniform phenotype identifying CSCs of
acute myelogenous leukemia and normal early
hematopoietic progenitor cells is CD34"CD38~ [65].
Among the cells of clear cell renal carcinoma and
undifferentiated carcinoma cells the tumor-initiating
cells were identified, which expressed the CD105
marker of mesenchymal stem cells [58].

Cryoablation and ways of its optimization. The
presence of CSCs in tumors is a major cause of relapse
after surgery. Surgical excision of the tumor tissue
could be followed by entering of CSCs to the blood-
stream and their following dissemination [47]. Cryo-
ablation is capable of ‘fixing’ the CSCs in the tumor
site, preventing their migration and thereby reducing
the risk of metastasis [39, 59]. It was also found that
cryoexposure led to a two-fold reduction of tumor-
inducing potential in fraction of young EC culture
enriched with the CSCs of phenotype CD44" [28]. This
may be due to the fact that the use of the method
activates the cold-inducible molecular stress cascades
which can trigger the CSCs death in tumor [6].

209



MpeIoTBpaIias UX MUTPAIMIO U TEM CaMBbIM CHIDKAS
PUCK BO3HUKHOBEHUs mMeTacTa3oB [39, 59]. boxee
TOT0, TIOCJIE KPUOBO3IEHCTBUS ¥ (Ppakiu MOIOAOH
kynbTypel AKD, oboramennoit CPK ¢ ¢enotunom
CD44", B 2 pa3a CHIDKaJICS MX OITyXOJIb-HH Ty TAPY IO
noreHnra [31]. 3To MoxeT ObITh 00YCIIOBIICHO TEM,
YTO MCIOJH30BaHNE JAHHOTO METOAA aKTHBUPYET
XOJIO[-MHIYIIUPYEMbIe MOJIEKYIISIPHBIE CTPECCOpPHBIE
KacKaabl, KOTOpbIe MOTYT 3amyckars Tubens CPK
B omryxomu [ 13].

MeTto/ kproaOianuu Mmoryqusa Hauboblee pac-
MIOCTpaHEHUE MIPU JICUCHUH OITyXOJIeH MOJIOYHOM JKee-
3bl, IOYEK, IPOCTATHI U TieueHu. Kak ObL10 0TMEueHO
BBIIIIE, €T0 MPEUMYIIIECTBAMU IO CPABHEHUIO C APYTHU-
MU MaJIOMHBa3UBHBIMU METOJAMH SIBISIOTCS OTCYT-
CTBUE CEPhE3HBIX BHYTPUOIEPALMOHHBIX OCIOKHCHHIMA
Y HU3Kask BEPOSTHOCTh Pa3BUTHS HAPYIICHUH PYHKITHN
opraHa, MOpakeHHOTO omyXousbio. Hanpumep, npu
Kpuoalianuy OIyXOJIHM IMMOYKU TOoYedHasT (YHKITHS
CHIXaeTcs Ha 6%, TIpU paiMoYacTOTHOMN adnarm —
Ha 13%, a oTKpBITOM pe3ekimu — Ha 26%. CymiecTBeH-
HO MOBBICHIIACH 3(PHEKTUBHOCTH JAaHHOTO METOa
C MOMEHTA BHEJPEHHUS HOBBIX METOJUK: HaIpuMep,
MIPUMEHEHUE B KPHOXUPYPIUU Fa30MPUBOTHBIX TEPMO-
JaTYUKOB C TPAHCIIEPUTOHEATBHBIM pa3MEUICHUEM
[16] nnu ucnonb30BaHUE 30H0B C HUPKYIUPYIOLIAM
JKUAKUM a30TOM WM aproHom [42, 51].

BryTpu 0011aCcTH KPHOXUPYPrHYECKOTO BO3ICHCT-
BUISI BBIJICTISTIOT IIEHTPAIBHYIO 30HY KOATYIISITHOHHOTO
HEKpo3a " nepudepruieckyro, B KOTOPOH CTEIeHb
TIOBPEXKICHIS KJIIETOK MOXKET BaphupoBaTh. B 11eHT-
paibpHON 30HE HOPMHUPYIOTCS KPUCTAIUIBI JIbJA, YTO
MIPUBOIUT K MEXaHUYECKOW TpaBME W JIETHApATAITIN
KJIETOK € MOCIEAYIOIHUM UX OCMOTHYECKUM MOBPEK-
JICHHEeM, B TiepuepruecKoil 30He BHYTPUKICTOUHOC
KpHUCTaI000pa30BaHUE OTCYTCTBYET, M THOCIH Oy X0-
JIEBBIX KJICTOK IIPOUCXOIUT MPEUMYIIECTBEHHO IO TUITY
amnornrro3a [12, 56]. C nenpo MOoMHOM 3pauKaIiu OIy-
XOJICBBIX KJIETOK 00J1aCTh KPHOBO3ICHCTBUS JTOKHA
pacmpoCTpaHsATHCS HE TONBKO Ha CaMy OITyXOJib, HO U Ha
OKPY’KaIOIIYIO €€ 3I0POBYIO TKaHb.

YuuThiBasg aHaTOMHYECKHE OCOOEHHOCTH BHYT-
PEHHHX OPraHOB, HEOOXOIMMO MaKCHUMAITBHO a/IalTH-
pPOBaTh TEXHOJIOTHIO KPUOBO3IEHCTBHS, B YaCTHOCTH,
MIPaBUIIBHO ITOJ00PATh CKOPOCTH OXJIAKACHUS F OTTau-
BaHUs TKaHU-MuIIeHu. OOpa3oBaHUE BHYTPUKIICTOY-
HOTO JIbJ]a IPOUCXOUT 00JIee MHTEHCUBHO MTPH BBICO-
KHX CKOPOCTSIX OXJIQXKJCHHsI, YTO PUBOIUT K OoJee
BBIpaKEHHOMY NTOBPEKACHUIO KIIETOK [12, 27, 64]. ITpu
STOM JJIs1 POBEACHUSI KPHOJSCTPYKIIMH BAXKHO MOA0-
OpaTh ONTUMAIIBHYIO TEMIIEPATyPy 3aMOpaKUBAHUS
OITyX0JIeBOM TKaHu. [ IeCTPYyKIIMU OITyXOJIEBOM TKaHU
HEZOCTAaTOYHO CHU3WUTH TEMIIEPATypy B OOJIACTH BBe-
nerus 30012 10 —20°C, TOCKOIBKY B 00JIaCTH KPHO-
JIECTPYKIIMHA MOTYT OCTaThCsl BEKUBIIIHIE Oy XOJIEBBIE
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The cryoablation has become widely applicable in
the therapy of breast, kidney, prostate and liver tumors.
As above mentioned, its advantages over other low
invasive methods are the absence of severe intra-
operative complications and low probability of develo-
ping dysfunctions in organ with tumor. For example,
cryoablation of kidney tumor was accompanied with a
renal function reduction by 6%, radiofrequency ablation
resulted in 13% decrease, and an open-type resection
did 26%. Efficiency of the method has been signi-
ficantly improved since implementing the new techni-
ques: e. g. application of gas-driven temperature
gauges with transperitoneal localization [10]; or using
of probes with circulating liquid nitrogen or argon [42,
511

The cryosurgical impact area could be divided to a
central zone of coagulatory necrosis and a peripheral
one, where the cell damage extent can vary. Central
zone is a place where ice crystals are formed, that
results in mechanical damage and dehydration of cells
and their following osmotic injury. Peripheral zone has
no intracellular crystal formation, and tumor cell
destruction occurs primarily due to apoptosis [5, 56].
In order to complete the eradication of tumor cells a
cryotherapy area should cover not only the tumor, but
also the adjacent healthy tissues.

Considering the anatomical features of internal
organs, it is necessary to maximally adapt the techno-
logy of cryotherapy, in particular, to choose correctly
the cooling and freeze-thawing rates for a target tissue.
Intracellular ice formation occurs more rapidly at
higher cooling rates, resulting in a greater damage of
cells [5, 21, 64]. Herewith it is important to select the
optimum temperature for freezing the tumor tissue. It
is not sufficient to reduce the temperature within the
range of probe introduction down to —20°C for a tumor
tissue destruction, because the tumor cells in the
cryoablation area can still survive. In case of using
the temperatures from —40 to —60°C it is possible to
reach the total necrosis of tumor cells. However, using
lower temperatures could lead to the damage of healthy
tissues surrounding the tumor. For instance, cooling
the prostate tumor below —40°C may cause the comp-
lications [12].

Duration of tissue thawing is also the factor deter-
mining the efficiency of cell destruction during tumor
cryoablation. It was noted that slow thawing of tumor
tissue resulted in a significantly higher percentage of
cell death if compared with rapid thawing, that was
probably due to the ‘solution effects’, recrystallization
and prolonged oxidative stress [71].

Year by year the cryoablation method is modified
and improved, nevertheless a positive result of perfor-
med therapy could not be achieved in 10-40% of cases
[34]. Perhaps this is associated both with the conditions
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xietku. [Ipu ucronp3oBanuu temmeparyp ot —40 mo
—60°C mocTuraeTcsl TOTAIbHBII HEKPO3 OMyXOJIEBBIX
kyeTok. OHAaKO MPHU HUCIIOJIB30BAHUU JAHHBIX TEM-
[epaTyp CYLIECTBYET BEPOATHOCTh IOBPEXKACHUS IPH-
JIeKalUX K OIyXOJIM 3A0pPOBBIX TKaHeH. Tak, nmpu
oxJnaxxaeHun Huxe —40°C omyXxonu npocTaTsl BO3MOX-
HO BO3HUKHOBEHHE OCJI0KHEeHUH [18].

daktopom, onpenensomuM 3hHEeKTUBHOCTE Je-
CTPYKIMH KJIETOK IPH ITPOBEICHUH KPHOAOIIAIINH OITy-
XOJIH, SBIAETCS BPEMs OTTAaWBAaHMS 3aMOPOKEHHOU
TKaHU. BbITO OTMEYEHO, YTO NP MEIJICHHOM OTTau-
BaHHWH OIYXOJIEBOM TKaHU MPOIEHT THOeNn KIEeTOK
CYIIECTBEHHO BBIIIIE, Y€M TPH MCIIOIH30BAHNH OBICT-
POTO pa3MOpaXMBaHMUs, YTO, BEPOSITHO, 00YCIOBIECHO
«3¢dexTaMu pacTBOpay, peKpUCTAIUIN3AMEN U 1TH-
TEJIbHBIM OKUCIUTENBHBIM cTpeccoM [71].

C KaXAbIM TOOM METOJl Kpuoadbiauuu Moaudu-
LUPYETCS U COBEPILIEHCTBYETCS, OTHAKO MOJIOKHUTEb-
HBII pe3yJbTarT ocie IPOBEACHHON Tepaiy He yaeT-
cs noctuub B 10—40% cayuaes [34]. Bo3zmoxHO, 3TO
CBSI3aHO KakK C YCJIOBUSMH IPUMEHEHHS METO/1a, TaK U
C 0COOEHHOCTSAMH OpraHM3Ma MalHeHTa, CTaJAnei
3aboneBanus U T. 1. [ToaTomy nipu mro6oi hopme paka
HapsAAy C KPUOXUPYPTUEH MTPOBOST JOTMOTHUTENHHYIO
AHTHOJIACTOMHYTO TEPAINIO, [ENBI0 KOTOPOH SBIIAETCS
0oJiee THTEHCHBHOE BO3/EHCTBIE Ha KIIETKHU OITyXOJIe-
BO TKaHU U ee nepudepuieckyro odnacts. buto no-
Ka3aHo, YTO MCIOJb30BaHUE IPOTHBOOITYXOJIEBBIX
XUMHOTEPANIEBTUIECKUX ar€HTOB B COUYETAHUH C KPHO-
abnanuel ycUJIMBaeT MOBpEXarolee aeiicTBre 3a-
MOpaXXMBaHHUs Ha KJIETKH OIyxomnu [22, 62, 72]. Cun-
TaeTCsl, 4TO TEPaIusl, IPUBOAALIAS K THOEIIH KJICTOK B
pe3yJsipraTe anonTo3a, MNOTEHIMUPYEeT UMMYHHBIH OT-
BET OpraHu3Ma U CIOCOOCTBYET JOTOJHUTEIbHOU
JIECTPYKIIUH KIETOK omyxoinu [61]. Onaum u3 ansrep-
HATUBHBIX CIIOCOO0OB COYETAHHOTO MCIOJIb30BAHMS
KproaOJanuy U AOTOJHUTENIBHBIX BUJIOB TE€PaANUU
ABJISIETCS METOJ JIOKAJIbHOTO BBEJEHHUA IMpemnapara
B TKaHb, IOABEPIIIYIOCS KPHOBO3IEHCTBHIO [28].

B Hacrosmee BpeMsi HHTEHCHBHO pa3BUBAETCS
HaHOKPHUOXHUPYPTHsl, OCHOBHBIM MPUHIIUIIOM KOTOPOM
SIBIISIETCS] BBEACHUE CYCIICH3MM HAHOYACTHIL C 3a1aH-
HBIMHU (PU3UYECKUMHU MM XUMHYECKUMH XapaKTEepUC-
THKAaMHU B OIIyXOJIEBYIO TKaHb [63]. IIpu ucnons3oBa-
HUU JAaHHOTO METOJAa YBEIWYUBAETCS KOJIMYECTBO
HEKPOTHU3UPOBAHHBIX OITYXOJIEBBIX KJIETOK M yIyd-
[IaeTcsl BU3yaJIM3anus TPAHUI] OITYXOJIH BO BpeMs
nposeneHus kpuoabmanuu [49]. [lepcrieKTUBHBIM
B 3TOM IUTaHE MOXKET OBITh MCIIOJIb30BaHUE HAaHOYAC-
THUI] OPTOBaHA/IaTa B COUYETAHUH C IPYTUMU HAHOCHC-
TeMaMH, KOTOpPbIE CIIOCOOHBI KaK BH3YyaJIH3UPOBATh
CPK, tak u yMeHbIIaTh UX KOJTUYECTBO, HHTHOUPYS
HHTEHCUBHOCTb OIyX0JieBOro pocra. IIpu ucnomib3o-
BaHUM JAHHBIX HAHOYACTHI] Ha ()OHE MPOBEICHUS
KpHoalJiallii MUHUMU3UPYETCS BEPOSITHOCTh BO3HUK-
HOBEHUS PEIMINBOB U METACTa3o0B [2, 3, 7].
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of method application and peculiarities of patient’s
organism, stage of disease development efc. Therefore,
independently of cancer type, cryosurgery is usually
accompanied with an additional antineoplastic therapy,
the aim of which is more intensive impact on the tumor
tissue cells and its peripheral area. It has been shown
that the use of chemotherapeutic antineoplastic agents
combined with cryoablation increased the damaging
effect of freezing on tumor cells [16, 62, 72]. It is
believed that treatment, resulting in a cell death due to
apoptosis, potentiates an immune response of a body
and contributes to further destruction of tumor cells
[61]. Another alternative method to combine cryo-
ablation and additional therapies is a local introduction
of a drug into the tissue exposed to cryotherapy [22].

Nowadays nanocryosurgery is intensively develo-
ping, the basic principle of which is introduction of
a suspension of nanoparticles with specified physical
or chemical characteristics into a tumor tissue [63].
This method allows to increase the number of necrotic
tumor cells and to improve the visualization of tumor
area during cryoablation [49]. The use of orthovanadate
nanoparticles in combination with other nanosystems,
which can both visualize CSCs and reduce their number,
inhibiting the intensity of tumor growth, may be
perspective in this regard. Application of these nano-
particles together with cryoablation allowed to minimize
the occurence of regression and metastasis [24, 25,
31].

Radiotherapy could be a method of complementary
therapy following cryoablation of tumor tissue. The
in vitro experiments showed that the tumor cells
subjected to freezing became more sensitive to the
damaging effect of radiation [45]. The experimental
and clinical studies have confirmed the tumor’s
susceptibility not only to irradiation, but anti-tumor drugs,
local hypothermia, photodynamic therapy, and immuno-
therapeutic agents as well. In addition, it is important
to take into account the fact, that the long-term results
of the therapy and the expression rate of various tumor
markers with a diagnostic value, depend on the CSCs
state [57]. The sensitivity of these cells to the therapy
applied, cryoexposure in particular, is determined by
their phenotypic characteristics. Thus, the EC cells with
CD44%/24- phenotype are more resistant to cryoexpo-
sure than CD44" [30]. It should be noted that the
methods applied jointly with the cryoablation have also
a weak toxic effect on CSCs, survived after cryosur-
gery, that may further cause the relapses. This fact is
suggested in findings of W. Rao et al. [55], who
showed incomplete death of CSCs population with
CD44°CD133* phenotype following cryoablation in
biomimetic 3D-mammosphere model. This is largely
due to the presence of molecular mechanisms in CSCs,
mediating their cryolability. In particular, the cold-
induced RNA-binding RBM3 protein, which is
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MeTon0oM BCIIOMOTaTENbHOM Tepanuu nocie npo-
BEACHHOH Kproalaliy OIyX0JI€BOH TKaHH SIBIISETCS
panuotepanusi. B skcriepuMenTax in vitro ObII0 OKa-
3aHO, YTO MOJABEPTUINECS 3aMOPaXUBAHUIO KIETKH
OITYXOJIM CTAHOBSTCS 00Jiee UyBCTBUTEIHHBIMH K T10-
BpEXIAOIIEMy NeHCTBUIO panuanuu [45]. JanHbie
9KCIMEPUMEHTAIBHBIX U KIMHIYECKUX MCCIIEeTOBAaHUN
noATBepaAniIN 3(pPexT Bo3AeHCTBHA HA OMMyXOJb HE
TOJIBKO OOTydeHUs, HO M TPOTHBOOITYXOJIEBBIX IIpema-
parToB, JIOKAIBHOIN THIIOTEPMHH, (POTONMHAMIYECKON
Tepanuy 1 IMMyHOTepaneBTHYeCKX cpeacTs. Kpome
TOTO, BAKHO YUHUTBIBATH, YTO OTAAJICHHBIE PE3YIbTAThI
JIEYEHMS] M CTENIEHb 3KCIIPECCUH PA3IMUHBIX OIyXOJe-
BBIX MapKepOB, IMEIOIINX AUArHOCTUYECKOE 3HAUEHHE,
3aBucAT oT cocTossHus CPK [57]. IIpu aTOM 4yBCTBH-
TEJNBHOCTb 3TUX KJIETOK K IPOBOANMOM TepanuH U, B
YaCTHOCTH, K KPUBO3CHCTBHUIO ONpenesieTcs ux ¢e-
HOTHITUYECKUMHU XapakTepuctikamu. Taxk, kietku AKD
¢ ¢enoruiom CD44'/24- Gonee ycTOWYMBBI K KPHO-
Bo3ieicTBHIO, ueM CD44" [6]. CrieayeT OTMETUTB, YTO
METO/IbI, KOTOPbIE MCTIONB3YIOTCS COYETaHHO C KPHO-
abjanmeii, Tak)Ke OKa3hIBaIOT CJ1a00€ TOKCHYECKOE
neiicteue Ha CPK, BBDKMBIINE MTOCTIE KPUOXUPYPIH-
YECKOH OIepalliy, 4TO MOXKET B JaIbHEHIIIEM BbI3BaTh
peumnuBbl. Ha 910 yka3piBaror nanusie W. Rao u coaBT.
[55], koTopbie Ha OuomuMeTnyeckoii 3D-mammocdep-
HOHM MOJIEIT TTOKAa3allu, YTO KpHoadianus He IPUBOIUT
K noxHoi# rubenun nmomynsiuun CPK ¢ ¢penorunom
CD44*CD133*. Bo MHOTOM 3TO BBI3BaHO HAIMYHEM Y
CPK MonexynsipHBIX MEXaHU3MOB, KOTOpPHIE OIO-
CPeyIOT MX KpHOJNAOMIBFHOCTE. TaK, MHAYIIUPYEeMbIi
xonogoM PHK-cBs3piBarommii mporens RBM3, koto-
PpBIi TOBBIIIEHHO dKcnpeccupyeTcst B CPK mpocTartsl,
3aluIIaeT KJIeTKu oT anonrto3a [73]. Otum dakrom
00yci0oBIIeHa HEOOXOOAMMOCTh IPUMEHEHHMS B KAYE€CTBE
BCIIOMOTaTeIbHOH Tepariy Npy Kpuoalialuy areHToB,
CEJIEKTUBHO BBI3BIBAIOINX MHAKTHUBALUIO JaHHON
CyOTIOMyJISIIMYU KJIETOK, B YaCTHOCTH, IPOTHBOIUA0e-
THUYeCKOro npenapara «Merdopmun» («Bristol-Myers
Squibby, CIIIA), pexomOunanTaoro MJI-15, kietok
(eranpHOM newenu u ap. [1,4, 11, 30, 35].

Bricokas BepositHocTh BhbkuBaHus CPK mocie
KpPHOBO3/IEHCTBHS OIIpeiesTiiia HE0OXOAUMOCTh pa3pa-
OOTKH ITyTEel ONTUMU3AIMN METO A Kproabamnyy. Bau-
MaHHe MHOTHX HCCIieIoBaTeNel ObITo HallpaBlieHo Ha
M3y4YEeHHE BO3MOXXHOCTH HCIIOJIb30BaHUS MHOTOKpaT-
HBIX IIUKJIOB 3aMOPaXUBaHUsI-OTTanBaHus. Llenecoo0-
pa3HOCTh MPUMEHEHHUS 3TOTO MpHeMa MOATBEpKIaeTCs
TE€M, UTO MOCJE KaXKJOro IHUKJIA 3aMOpaKUBaHUS-
OTTauBaHMs pa3Mep 30HbI HEKPO3a, KaK M IIUTOTOKCH-
4eckoro 3¢ ¢eKTa, OKa3pBaeMOro KpHOBO3/IEHCTBUEM
Ha OITyXOJIeBYIO TKaHb, CyIIIECTBEHHO YBEITMINBACTCH,
9TO, B CBOIO OYepe/b, MPUBOAUT K Ooiee dpPerTun-
HOM IeCTPYKINHU OIyXoJeBor TkaHu. CrexyeT oTMme-
TUTH, €CITH CYMMapHOE€ BpeMs KPHOBO3AECHCTBHS TIPH
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increasingly expressed in prostate CSCs, protects the
cells from apoptosis [73]. This fact stipulates a need
to apply assisted therapies during cryoablation utilizing
the agents, selectively causing the inactivation of this
cell subpopulation, e.g. an antidiabetic drug Metformin
(Bristol-Myers Squibb, USA), recombinant IL-15, fetal
liver cells etc. [4, 9, 26, 27, 35].

High probability of CSCs survival after cryoexpo-
sure determined a need in designing the cryoablation
method optimization. Many researchers have focused
their attention to studying the possibility of using multiple
freeze-thawing cycles. The expediency of this method
was confirmed by the fact that each cycle of freeze-
thawing resulted in a significant increase of both the
size of necrosis area and cytotoxic effect, caused by
cryoexposure on tumor tissue, that in its turn leads to
more efficient destruction of a tumor tissue. Of note is
the fact, that if the total time of cryoexposure during
several freeze-thawing cycles was less than at a single
freezing, the effect of multiple freezing was signifi-
cantly increased [36]. Probably, this was due to the
fact that single cryoexposure potentiates an inflamma-
tory response of tissues, which might lead to the CSCs
stimulation, and multiple procedure resulted in the death
of these cells [20]. Model experiments with the in vivo
recultured EC demonstrated a need in a multiple cryo-
exposure on tumor cells to complete the inactivation
of tumor-inducing potential of CSCs, especially in case
of ‘aged’ tumor. This fact should be taken into account
in clinical oncology when using surgical methods [29,
30].

Thus, despite the fact that the method of tumor
cryodestruction has undoubted advantages over
surgical removal of tranformed tissues, it should be
used repeatedly in combination with drugs capable of
eliminating the CSCs.

Conclusions

Investigations in fundamental oncology are focused
to studying the unique population of CSCs, being the
main structural unit of initiation and responsible for
maintaining the growth and metastasis of tumors.
Chemo- and radioresistances inherent to CSCs turn
them to potential targets for cryoexposure during
cryoirradication of tumors. The interest of clinicians
to use the cryosurgical treatment of malignant tumors
is caused by both the possibility of mechanical
destruction of the tumor site and fixing of the CSCs in
it. Cryoablation is effective, minimally invasive treat-
ment which may be used both in primary tumor and in
the case of its relapse after other treatments. This
method is an alternative to surgical treatment when
the tumor removal is either difficult or impossible. To
enhance the effect of cryoablation the multiple cycles
of freezing and thawing are also used, allowing the
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MIPOBEACHUHN HECKONBKUX LIMKJIOB 3aMOpaKMBaHNU -
OTTauBaHMs OyaeT MEHbILE, YeM MPH OAHOKPATHOM
3aMOpaXHUBaHUH, TO 3P (PEKT OT MHOTOKPATHOTO 3aMO-
PaKUBAaHUS 3HAYUTENBHO yBenuuuTcs [36]. Bo3moxHo,
3TO OOYCIIOBIEHO T€M, YTO MPH OJHOKPATHOM KPHO-
BO3JICHCTBUH NOTEHLIUUPYETCS BOCHAIUTEIbHBIA OT-
BET TKaHEH, KOTOPBIA MOXXET MPUBOAUTD K CTUMYIISI-
un CPK, a mpy MHOTOKpaTHOM — K THOEJIH ATHX KIIETOK
[26]. B MOZeIbHBIX SKCIEPUMEHTAX C IepPEeBUBAEMON
in vivo AKD nipoieMOHCTpUPOBaHa HEOOXOMUMOCTh
MHOTOKPaTHOTO KPHOBO3/EMCTBUS Ha OIyXOJIEBbIE
KJIETKH C LEJTBI0 OTHOM NHAKTUBALIH Oy XOIb-HH/TY-
uupytouiero norenuana CPK, ocobenHo npu «crape-
HU» OITyX0JH. JlaHHBIN (aKT TOIKEH YUUTHIBATHCS B
KIIMHUYECKON OHKOJIOTMH ITPH UCTIONIBE30BaHUH XUPYPIH-
YeCKUX METOJIOB [5, 6].

Taxum 06pa3zom, HECMOTPS Ha TO, 9TO METOJT KPHO-
JIECTPYKIIUH OITyXOJIeH MMeeT HECOMHEHHOE TIPENMY-
IIECTBO Tepe]] XUPYyPTUIECKUM yIaJeHHEeM Mepepo-
TUBIINXCS TKAHEH, €ro Ieecoo0pa3Ho NCIOIh30BaTh
[TOBTOPHO B KOMOMHAITNH C TIpETIapaTaMu, CIOCOOHBIMU
sanmumuHupoBats CPK.

BriBoaBI

UccnenoBanus B o6nactu ¢pyHIaMEHTAIbHOM
OHKOJIOTHH COCPEIOTOUEHBI Ha N3yYEHUH YHUKAITBHON
nonynsanuu CPK, koTopslie sIBISIOTCS IMIaBHON CTPYK-
TypHOU eAVHUIIEH HHULIMALH U OTBEYAIOT 3a MOJIEP-
’KaHHE pOCTa U METAacTa3upOBaHUE OITyXoJied. XUMHO-
U panope3uCTeHTHOCTH AenaeT CPK moreHnnampHbI-
MH KJIETKaMH-MHUIICHSIMU IS (PaKTOPOB KPHUOBO3-
JEHCTBUS IPU KpUOUppaauKaluy oryxosueil. MHrepec
KIIMHUITUCTOB K MPUMEHEHUIO KPHOXUPYPTUUECKOTO
METO/a JICYSHUsI 3I0KaueCTBEHHBIX HOBOOOPa30BaHHM
00yCIIOBIIEH HE TOJILKO BO3MOYKHOCTBIO MEXaHNUECKOM
JECTPYKLMH OIyXOJIEBOTO CaiiTa, HO M (UKcaliel B
Hem CPK. Kpuoabnanus siBisiercst 3QpheKTHBHBIM
MUHUMaJIbHO-UHBAa3UBHBIM METOJOM JIEYEHUs, KOTO-
PBIH MOKET MPUMEHSTHCS KaK IPH NEPBUYHOMN OITyXO-
JIU, TaK ¥ B CITydae €€ PeryanBa I0ocie APYTUX BUAOB
Tepanuu. JJaHHBIA METOI TPEACTABISAET COOO0M ab-
TEPHATHBY XUPYPTUUECKOMY JICUEHHIO B TEX CIIydasx,
KOT/Ia yAaJICHHE OMYXOJIX 3aTPYIHEHO WITH HEBO3MOXK-
Ho. Jlumst yecunenus 3¢ dexra Kpuoabiaamun TakxKe
WCIIOJNIB3YIOTCA MHOTOKPATHBIE KBl 3aMOpakhBa-
HUSA-OTTAaUBaHUsA, YTO MO3BOJSET YBEINYUTH PasMep
30HBI HEKPO3a U YCUIIUTH JECTPYKLIHIO OIMYXOJIEeBOU
TkaHu. TeM He MeHee, He BCeTAa ylaeTcsl 10CTUYb
ruOeNr BCeX OIYXOJEBBIX KIIETOK U, B yacTHOCTH CPK,
HE TIOBPEAMB «310poBbIe» TKanu. CoyeTaHue Kproaod-
JIALUH U BBEICHUS LUTOTOKCUYECKUX 10 OTHOLIEHUIO K
CPK mpemapaToB yBeqTUIMBaET MOBPEXKTAIOIIEE -
CTBHE 3aMOPaXMBAHUS HA KJIETKH OMYyXOiHu. Takxke
[IEPCTIEKTUBHBIM B JICAEHUH OHKOJIOTHIECKHX 3a00J1e-
BaHUI ABISETCS METO]T HAHOKPHOXUPYPTUH, 00eCTieuH-
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increase of necrotic area size and enhancing the
destruction of tumor tissue. However, the destruction
of all tumor cells is not always achieved, in particular
CSCs, without damage of the ‘healthy’ tissues. A com-
bination of cryoablation and administration of cytotoxic
drugs in respect to CSCs increases the damaging ef-
fects of freezing on tumor cells. Nanocryosurgery is
also a promising tool when treating cancer, ensuring
the destruction of a large number of CSCs, that reduces
the risk of relapses. Despite the fact that cryoablation
is a promising and rapidly developing method of treating
tumors, there are still some unsolved issues remained:
to minimize the damage of adjacent healthy tissues; to
determine a sufficient rate of tumor peripheral areas
freezing; to study thoroughly in vivo and in vitro the
processes occuring in the tissues subjected to freezing.
The solution to these problems is important to improve
and increase the accuracy of cryoablation.
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BapIMid pa3pyuieHue Oonpioro konmuuectsa CPK,
YTO CHUXAET PUCK pa3BUTUs peruauBoB. Hecmotps
Ha TO, YTO KpHOaOIaus sBISETCS MePCIEKTUBHBIM U
AKTUBHO Pa3BUBAIOIIMMCS METOOM JICUCHHS HOBOOO-
pa30oBaHU, HE PEIICHHBIMU OCTAIOTCS HEKOTOPHIC
BOIIPOCHI: MUHIMH3AIIHSI TIOBPEXKIEHUS OKPYKAFOTITHX
3I0POBBIX TKAHE; ONpeesieHIe T0CTaTOYHON CTeTe-
HU IPOMOPAKUBAHUS ITepUPEPHISCKIX 30H OITyXOJIH;
JIETAJIbHOE UCCIIEIOBAHUE i VIVO U in Vitro poLec-
COB, MPOUCXONSAIINX B IMOABEPTIINXCS 3aMOPaKHBA-
HUIO TKaHsX. Pelienne 3Tux 3a1a4 BaXkKHO AJIs yiTydllie-
HUS ¥ [TOBBIIICHUS TOYHOCTH KpUOAOTaIIy.
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