VIIK 576.385.5:612.014.462.5
O.B. CaoraHuyK*, M.A. Crrovc, A.H. TOAbLIEB

Mopdo¢yHKuMOHaAbHbIE XaPAaKTEPUCTUKN CTBOAOBbBIX OMYXOAEBbIX KAETOK AO

U NOCA€ KPUOKOHCEpBUPOBaAHMUS

Morphofunctional

XapaxTep BO3AeHcTBUS (PAKTOPOB KPHOKOHCEPBHU-
pOBaHMsI Ha OMOJIOTHYECKUE O0OBEKTHI MpUOOpeTaeT
0CO0YI0 3HAYMMOCTb, €CITH ONO0OBEKTOM BBHICTYIIAIOT
3JI0KaYE€CTBEHHO TPaHCPOPMHUPOBAHHBIE KIETKU H
TKaHu. C OHOH CTOPOHBI, 04eBHIHA HEOOXOIUMOCTD
arpecCUBHOrO0 KpHOBO3ACHCTBUA 11 KPUOAECTPYK-
UM 3JI0Ka4Y€CTBEHHOTO HOBOOOPA30BaHusl, C APYTOi —
»JIOSTIBHOCTD” ISl COXpPaHEHHs PEeNoMyISIIHOHHOTO
MOTEHIIMaja OIyXOJEBBIX KIETOK MPU KPHUOKOHCEP-
BHUPOBAHUH UX B BUJIC CyCIIEH3UOHHBIX IPHUBHBAEMBIX
KynbTyp. B 000ux cirydasx Kak MUIIEHBIO TSI KPHO-
JIEeCTPYKILINH, TaK U ,,0TIEKaeMOil”” CTPYKTYPOil SIBIISIOT-
Csl CTBOJIOBBIE DJIEMEHTHI KIIE€TOYHO-TKAHEBBIX CyOCT-
patoB Takoro poaa. K cTBOIOBBIM pakoBbIM KJIETKaM
(CPK) oTHOCST HEOOIBIIYIO TPYTITY KIETOK, CIIOCO0-
HBIX K CAMOTIOJJIEPKAHUIO, YTO MO3BOJIAET UX CPAaBHU-
BaTh C HOPMAaJILHBIMU CTBOJIOBBIMU KieTkamu [9-11].
[TokazaHo, 4TO B OIYXOJISIX PA3IMYHON JIOKAIN3ALUH
U THCTOT€HE3a KIJIETKH C TAKUMHU XapaKTePUCTUKAMH
MPUCYTCTBYIOT Cpeau KIeTok ¢ penorunom CD447/24~
U UMEIOT BBICOKYIO CcTemeHb 3kcmpeccun CD44
(CD44"¢h)y monexys. Jlist GOpMHPOBaHHSI HOBOH OITy-
xonn pocrarouno 10 xierox CD44beh | gro B 10-50
pa3 MpeBBIIAeT KaHIIEPOTEHHBIN MOTEHIINA IPYTHX
OITyXOJEBBIX KIETOK [5-8]. CD44hie" — He emuHCT-
BeHHBIH MoJekymspHbiii mapkep CPK, omnako ero
JeTaNbHOE UCCIIEIOBAHNE MOKET CITYKHTh OTIPaBHOM
TOYKOM ISl AajbHEHIIEro U3yUeHUsl XapaKTepUCTUK
CPK.

Ha ceropnsmnuii 1eHb OTCYTCTBYET 4ETKO chop-
MYJIUPOBaHHBIH TE3UC 00 0COOEHHOCTIX 00PaTUMOCTH
HW3MEHEHUH CBOMCTB KJIETOK OIYXOJIEBOU MOMYJSLIH
[oCJIe KPUOKOHCEPBUPOBAaHUA. XapaKTep U CTEIeHb
BBIPAXEHHOCTH HEJETaJbHBIX MOBPEXIEHUNH OMO-
00beKTa M0CJIe KPHOKOHCEPBUPOBAHHS OTIPEIENAIOTCS
€ro UCXOJHOW MOPGOPYHKIMOHATIHLHOW OpTraHu3a-
nuei. Yeranorinena Monupukanus MoppodyHKIIHo-
HaJBHOTO CTaTyCa CTBOJIOBBIX KPOBETBOPHBIX KIIETOK
(CKK) mocne HU3KOTEMIIEpaTypHOro KOHCEpBUPOBa-
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Characteristics of Cancer Stem Cells
Prior to and After Cryopreservation

The effect character of cryopreservation factors on
biological objects have gained the special value, if
malignantly transformed cells and tissues act as a
bioobject. From one hand, the necessity of aggressive
cryoeffect for cryodestruction of malignant neoplasm
is evident, from another one, the fidelity for preser-
vation of repopulation potential of tumor cells during
their cryopreservation as suspension inoculated cultu-
res is also apparent. In both cases both the target for
cryodestruction and “patronized” structure are stem
elements of cell-tissue substrates of this type. Small
group of cells capable to self-maintaining is referred
to cancer stem cells (CSCs), that enables the compa-
rison of them with normal stem cells [9-11]. It has
been shown that in tumors of different localization
and histogenesis the cells with these parameters are
found among the cells with CD44/24- phenotype and
have a high expression rate of molecules CD44
(CD44tieh) For the formation of new tumor just 10
cells of CD44bgh are sufficient, that in 10-50 times
exceeds cancerogenous potential of other tumor cells
[5-8]. CD44"eh js not single molecular marker of CSCs,
however its detailed studying may serve as a starting
point for further investigation of CSCs characteristics.

Today there is no distinctly specified notion on the
peculiarities of reversible changes of tumor population
cell properties after cryopreservation. The character
and manifestation rate of non-lethal damages of bio-
object after cryopreservation are determined with its
initial morphofunctional organization. Modification
of morphofunctional status of hemopoietic stem cells
(HSCs) after low temperature preservation, accompa-
nying with the reduction of their proliferative activity
and change of the differentiation lineage has been
established. There was also noted that in some hemo-
poietic cells the ability to recognize hemopoietic mic-
roenvironment and to be settled in it is temporarily
reduced. The coordination of these functions depends
on receptor-membrane structures of HSCs, altering
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HUS, COTIPOBOX/IAIOMIASCS CHIKEHUEM HX MpoiHde-
pPaTUBHON aKTHBHOCTH W M3MEHEHHEM HaIpaBIICH-
Hoctu auddepenuupoBku. OTMEUEHO, YTO y YACTH
KPOBETBOPHBIX KJIETOK BPEMEHHO CHUYKAETCs CIOco0-
HOCTb Paclio3HaBaTh KPOBETBOPHOE MUKPOOKPYKEHHE
u “paccensaTbes”’ B HeM. Koopannaums 3Tux GyHKIMMA
3aBUCHT OT peLienTopHO-MeMOpaHHbIX cTpykTyp CKK,
KOTOpbIE M3MEHAIOTCSA Mox AeiicTBHEM (PakTOpoB
KPHUOKOHCEPBUPOBAHMUS B BHJIE X CETPETallny, arpe-
Talyy WU CXOXaAeHus (meaauHr) [2].

J1s nccrienoBaHus BO3EMCTBUS HU3KUX TEMITEpa-
Typ Ha OIyXOJIEBbI€ KJIETKH MPEANOYTUTEIbHBIMU
ABIISIOTCS DKCTIEPUMEHTAIbHBIE MOAEITH OITYXOJIEBBIX
MIPOTIECCOB B BUJIE€ aCITUTHBIX (hopM. OTHON U3 TaKUX
MoJeNeH SBIsIeTCs acuuTHYecKast hopMa aleHOKapLu-
HOoMBI Oprnuxa (AKD).

Hens uccnenoBanus — ONPENEIUTh KOTMYECTBEH-
Hoe conepxanne CD447/24 kneTok ¢ pa3nIu4HOi HH-
TEHCHUBHOCTBIO CBEUCHHS KaK KJIETOK, OTHOCAILIUXCS
K CTBOJIOBBIM OITyXOJIEBBIM KJIETKaM, B IIEJIbHOM MOITY-
nsun kitetok AKD, a Taxoke OeHUTh XapakTep BITHs-
HUS KPUOKOHCEPBUPOBAaHHS Ha (PYHKIIMOHATHHBINI
CTaTyC ONpeeseMoi oMy ALy,

Matepunanbl 1 meToAbl

O0bexkTOM HMccaenoBaHus ObUIM KiaeTkun AKD,
MOJTy4eHHBIE P KYJIETUBUPOBAHUH i1l Vivo. DKCTIEpH-
MEHTHI BBIITOJHEHBI Ha 7-MECSYHBIX CaMKaX MBIIIEH
BALB/c, kotopeim knetku AKD BBOgMIM BHYTpH-
OproumHHO B 03¢ 3%10° xierok B 0,3 Mit pu3nonorn-
yeckoro pacteopa. Knerku AKD nonywanu Ha 7-e
CYTKH KYyJIbTUBUPOBAaHUS, KPHOKOHCEPBHUPOBAIHU B
ACLMTUYECKON KHUIKOCTH 0€3 IPUMEHEHUS KPHOTIPO-
TEKTOPOB IO IBYyXdTamHO# mporpamme. [locie wero
WX OTMBIBAIH J00aBIeHHEM pacTBopa XeHKCa C IOC-
nexytoumM nentpudyruposanuem (400g, 10 mun).

Conepxanue knetok ¢ peroruriom CD44'/24- u
CD44hieh g o6meit momyimsiiuu Kitetok AKD onpeens-
71 Ha 7-€ U 14-e CyTKHM KyJIbTUBUPOBAaHUS HATHBHBIX
U KpuokoHcepBUpoBaHHBIX AKD-7 ¢ moMombo
MoHOKIIoHanbHBIX anTuTen CD44 (FITC), CD24 (PE)
(BD Pharmingen) Ha mpOTOYHOM HHUTO(PIYOPHUMETPE
(FACS Calibur, Becton Dickinson, CIIIA). Yuer u
aHalu3 JAaHHBIX MPOBOAMIIM C MOMOLIBIO MPOrpam-
Mbel WinMDI 2.9.

Pe3yAbTatbl M 00CYy)XAeHHne

CormacHo [5] ypoBens 3kcnipeccun CD44 mapkepa
nr00 KaKk CaMOCTOSITEIBHOTO CBHUJETENs, JIHOO B
COYETaHHH C JPYTHMU MEMOPaHHBIMU CTPYKTYPaMH
XapakTepusyeT ypoBeHb (QYHKIMOHATHHOTO MOTEH-
nuana CPK. Crenens skcnpeccun CD44 mapkepa Ha
KIeTkax KyasTypsl AKD-7 BapsupoBana ot crnaboit
(low) mo untencusHoli (high). Tak B HaTuBHOU
kynbrype (puc.l) AKD-7 konnuecrso CD44%/24-
KJIETOK cocTaBuiio 2,35%, npu 3tom CD44%e! kireTok —
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under cryopreservation effect as their segregation,
aggregation or shedding [2].

To study the effect of low temperatures on tumor
cells the experimental models of tumor processes as
ascitic forms are more preferable. One of these models
is ascitic form of Ehrlich’s adenocarcinoma (EAC).

The research aim is to investigate the quantitative
content of CD44%/24- cells with various intensities of
luminescence as the cells referring to stem tumor cells
in the solid population of cells of EAC as well as to
evaluate the character of cryopreservation effect on
functional status of the population under study.

Materials and methods

The research object were the EAC cells procured
during culturing in vivo. The experiments were made
in 7-months’ female BALB/c mice, intraperitoneally
introduced with EAC cells in the dose of 3x10° cells
in 0.3 ml of physiological solution. EAC cells were
obtained to the 7" culturing day, then cryopreserved
in ascitic fluid with no cryoprotectants according to
two-stage program. Afterwards they were washed-out
with adding Hanks’ solution and following centrifuga-
tion (440g, 10 min).

Content of cells with CD44%/24- and CD44"¢" phe-
notype in total cell population of EAC was examined
to the 7" and 14™ days of culturing of native and cryo-
preserved EAC-7 using monoclonal antibodies CD44
(FITC), CD24 (PE) (BD Pharmingen) with flow
cytometer (FACS Calibur, Becton Dickinson, USA).
The data were processed and analyzed using WinMDI
2.9.

Results and discussion

As it was reported [5] the expression level of CD44
marker either as independent witness or in combination
with other membrane structures characterized the level
of functional potential of CSCs. The expression rate
of CD44 marker on EAC-7 culture cells varied from a
weak (low) to intensive (high). So, in native EAC-7
culture (Fig. 1) the number of CD447/24- cells made
2.35%, herewith 0.08% for CD44"¢", After cryopreser-
vation of EAC-7 culture there was found arise in the
number of CD44%/24- cells up to 6.35%. These changes
of the parameters conform with the literature data that
the effect of low temperatures are capable of initiating
the expression of receptor structures of membrane as
a cell response to stress. Along with this the cells of
the subpopulation may manifest a high cryoresistance,
since the cells referring to stem compartment have in
the membrane composition quite low amount of
cholesterol [3], that increases elasticity (or fluidity)
of membrane and provides the resistance to damages
as a result of phase transition at cooling-warming
stages [1]. Almost 2.5-fold increase of the content of
CD447/24 cells after cryopreservation can be hardly
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0,08%. ITocme KpMOKOHCEPBUPOBAHUS KYJIBTYPHI
AKD-7 O6BUIO OTMEUEHO YBETWYECHUE KOJTUYECTBA
CD447/24 knetoxk 1o 6,35%. Takoro pona u3MeHEHUs
MoKa3areyiel COracyroTCs C TaHHBIMU JTUTEPATyPhI O
TOM, YTO BO3/I€HICTBHE HU3KUX TEMIIEPATyp CIIOCOOHO
WHULIMUPOBATH SKCIPECCUIO PELICHTOPHBIX CTPYKTYP
MeMOpaH KakK OTBET KJIETKH Ha cTpecc. Hapsmy ¢ atum
KJICTKH JAHHOW CyOMOMyNSIUA MOTYT HPOSBISATH
BBICOKYIO CTEIIEHb KPHOYCTONYMBOCTH, TaK KaK KJIeT-
KH, OTHOCAIIMECS K CTBOJIOBOMY KOMIIApTMEHTY, B
cocTaBe MeMOpaH cojiepKar KpaiiHe HU3KO€ KOJIdec-
TBO XOJIeCTEepHHA [3], UTO YBETUUHBACT dJIACTHIHOCTH
(MM TEeKy4eCcTh) MEMOPaHbI M TIPUJIAET YCTOHYMBOCTD
K MOBPEXKICHHUSIM B pe3ysbrate (a3oBoro nepexozaa
Ha 3Tanax oxjaxiaeHus-ororpesa [1]. Iloutu 2,5-
KpaTHOE yBEIMUYEHHE MOCIE KPUOKOHCEPBUPOBAHUS
cogepxxanus CD447/24- xkneTok BpsJ U MOXKHO
OOBACHUTDH TOJIBKO MEPEXOAOM B 3Ty CyONOMyIISIINIO
CD44"eh krieTok mocIie meIarHra 3TOr0 PELEenTopa.
Ha6monaemoe cumkenue cyonomyssiuu CD44hieh ¢
0,08 mo 0,05% HECOM3MEPUMO C YBETUICHUEM KOJIH-
yectBa CD44'/24~ kneTok.

bruto mokazano [4], 9TO cTeneHb MOBPEKICHUS
kietok AKD cymecTBeHHO 3aBHCHT OT COocoba mx
KPHOKOHCEPBUPOBAHHUA, BIUAS Ha COXPAaHHOCTh U
nponudepaTUBHYI0 aKTUBHOCTh W, KaK CIEICTBUE,
MIPUBUBAEMOCTh. YUYHUTHIBas 3HAYUUMOCTh MEMOpaH-
HBIX CTPYKTYpP B MPOSBICHUH (PYHKIMOHAIHHOTO
noreHumana CPK, Obuta mpoBeneHa cpaBHUTENbHAS
Oll€HKAa JUHAMHUKH HakomieHHus kiaetok AKD B
neputoHeansHoi nonoctu (I111) mocne mepeBuBKM
HAaTUBHBIX U KPHUOKOHCcEpBUpOBaHHBIX AKD-7.
Cxkopoctb HakoruieHus kietok B I1I1 mocne kpuokon-
CEpPBUPOBAHMS CYIIECTBEHHO YCTyNaeT HAaTHBHOMY
o6pasiy. Tombko K 14-M cyTKaM KOJTHMYECTBO KIETOK
MpUOIIKAETCS K JAHHOMY MOKa3aTelio0 B HATHUBHOM
BapuaHTe Ha 7-€ CyTKH (puc. 2). BriomHe BEeposTHO,
4TO Takas ()EHOMEHOIOTHS MOXET OBITh CBs3aHA C
TEMIIOM CaMOHAKOIUIEHUS (CaMOTOIIepKaHUS)
nepecaxeHHbIx CPK. Ha puc. 3 noka3ano, uto TeMn
caMoHakormieHus (camomnomaepskanus) CD44hich
(CPK) B KpHOKOHCEPBUPOBAHHOM MaTepHalie MOBTO-
PSET TeMIT HaKOTUICHHUs OOIIero KOJUYeCcTBa KIETOK
AKD. Ha 7-e cytku oH Obl1 B 2-2,5 pa3a MeHbIIE,
YeM B HATHBE, U TOJIBKO K 14-M CyTKaM mpHOIA3HICS
K 3TO# BenuuuHe. BEpoATHO, UTO CHMXKEHHE TemIla
Haxorutenust CD44"eh rociie KpHOKOHCEPBUPOBAHHUS
MOJKET OBITH 00YCJIOBJICHO YMEHBIIICHUEM HHTCHCHB-
HOCTH 3KcIpeccun 3Toro mapkepa Ha CPK, Br3pIBas
[IPH 3TOM U3MEHEHHNE UX CITOCOOHOCTH BOCIIPHHIMATD
PeryIsaTOpHBIE CUTHAJIBI ISl PACCEICHNS U TaJbHeH-
e nponudepanuu.

BbiBOADI
YcraHoBneHa npsMasi KOPPENIUN MeXIy QyHK-
nuoHaneHOM akTBHOCTHIO CPK 1 skcmpeccueil Ha
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Puc. 1. OueHka peHOTUITHIESCKUX XAPAKTEPUCTUK KIETOK
AKD-7 o u nmocne kpuokoHcepBupoBanus: @ — CD4424;
—O— — CDA44bhieh,
Fig. 1. Evaluation of phenotypic characteristics of EAC-7
cells prior to and after cryopreservation: [ — CD4424;
—O— — CDA44bhieh,

explained only with the transition into this subpopu-
lation of CD44" cells after this receptor shedding.
Observed reduction of CD44"¢" subpopulation from
0.08 down to 0.05% is not comparable with a rise of
the amount of CD44%/24- cells.

It has been demonstrated [4] that damage rate for
EAC cells strongly depends in the way of their cryo-
preservation, affecting the survival and proliferative
activity and as the consequence, grafting. Taking into
account the value of membrane structures in mani-
festing of functional potential of CSCs the dynamics
of accumulation of EAC cells in peritoneal cavity (PC)
was compared after inoculation of native and cryo-
preserved EAC-7. The accumulation rate of cells in
PC after cryopreservation is significantly inferior to
native sample. Only to the 14" days the number of
cells approaches this index in native variant to the 7
day (Fig. 2). It is quite probable that this phenomeno-
logy may be related to the self-accumulation rate (self-
maintaining) of grafted CSCs. Fig. 3 shows that the
rate of self-accumulation (self-maintaining) of
CD44"e(CSCs) in cryopreserved material repeats the
accumulation character of the total number of EAC
native cells. To the 7™ day it was 2-2.5 times less than
in the native state and only to the 14" day it approached
this value. The reduction of accumulation rate of
CD44tieh after cryopreservation may be stipulated with
the decrease of intensity of this marker expression on
CSCs herewith causing the change of the ability to
perceive regulatory signals for settling and further
proliferation.

Conclusions
Direct correlation between functional activity of
CSCs and expression on them of CD44"e" marker as
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Puc. 2. Jlunamuka u3MeHEHHUST aOCOIFOTHOTO KOJIMYECTBA
kietok B [T mocne nuaaykiuu AKD HatuBHBIM (CJ) ¥ KPpHO-
KOHCEPBUPOBAHHEBIM ([0) MaTCpHAIIOM.

Fig. 2. Dynamics of changes of absolute number of cells in
PC after induction of EAC with native () and cryopreser-
ved (@) material.

uux CD44heh mapkepa kak Mapkepa, OIpeaesSIOIIEero
poauQepaTUBHBIA TOTEHIUAI TOMYIISAIUH.

[Tocne kpuOKOHCEPBUPOBAHUS CTEIIEHb JKCIPEC-
cun CD44M¢" ya CPK cHmKanach.

[Ipu KynBTUBUPOBAHWU KPHOKOHCEPBUPOBAHHBIX
kietok AKD in vivo HabIIOMAN0Ch CHIKEHHE ITPO-
nuepaTUBHON aKTUBHOCTH U KaK CIICJICTBUE YMECHbB-
[IEHNUEe TEMITa HAKOTIJICHUS KJIETOK, ITPH ATOM K 14-Mm
CYTKaM HCCIIeIyeMbI€ TIOKA3aTeId JOCTUT AT YPOBHS
HATUBHBIX 3HAYEHWUH, UTO CBUIETEIHCTBYET 00
obpatuMocTd u3MeHeHnH MOp(hHOPYHKITMOHATHHBIX
xapakrepucTuk CPK, BbI3BaHHBIX BIMSHUEM HU3KHX
TeMIeparyp.
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Fig. 3. Dynamics of changes of CD44"¢"cells’ content after
inoculation of native () and cryopreserved (@) EAC-7.

the one, determining proliferative potential of popu-
lation, has been established.

After cryopreservation the expression rate of
CD44"eh on CSCs reduced;

During culturing of cryopreserved cells of EAC in
vivo there was observed the decrease of proliferative
acitivity and as a consequence the reduction of the
accumulation rate of cells, herewith to the 14" day
the studied indices achieved the level of native values
that testified to the reversibility of the changes of
morphofunctional characteristics of CSCs affected by
low temperatures.
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