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IIpoBeneH cpaBHUTENBHBII aHAIN3 CTPYKTYPHO-(QYHKIMOHAIBHBIX XapaKTEPUCTUK aAr€3UBHBIX KJIETOK KocTHOro Mo3ra (AKKM)
JI0 U 1OCJIe KpUOKOHCepBUpoBaHus. [loryueHHbIe TaHHBIE MOATBEPkK AT 3HaYMMOCcTh AKKM Kkak KOMIIOHEHTa MUETIOTpaHCIIIIaHTaTa
C QaHTUTeHIIPE3eHTHPYIOIIeH QyHKIHEi B 00IeM MeXaHU3Me aKTUBALMH T-KJIeTOK, HHAYLUPYOLINX PEaKIHIO ""TpaHCIUIAaHTaT IPOTUB
xo3simHa" (PTIIX). Pesynbrarel paboThl MO3BOJSIOT MOHSATh MEXaHH3Mbl MMMYHHBIX B3aUMOJACHCTBUI KPHOKOHCEPBHUPOBAHHOIO
AJJIOMHUENIOTPAHCIUIAHTATa C OPTaHU3MOM PELIMITUEHTA U BO3SMOXKHOCTH UCIIOIb30BAHUSA KPUOKOHCEPBUPOBAHMUS KOCTHOTO MO3Ta JJIs
MuHMMu3anuu pazsutus PTITX.

Knrwouesvle cnoga: anre3nBHbIC KIETKH KOCTHOTO MO3Ta, KpHOKOHCEPBUPOBAHUE, MIMMYHOPEAKTHUBHOCTh MUEJIOTPAHCIIAaHTATA.

IIpoBeneHo MOpiBHSAIBHUI aHAII3 CTPYKTYPHO-(QYHKI[IOHATIBHUX XapaKTEPUCTUK aAre3NBHUX KIIITHH KicTKOBOro Mo3ky (AKKM)
10 i mmicyist KpiokoHcepByBaHHs. OTpUMaHi JaHi MiATBepIKy0Th 3HaunMicTh AKKM sik koMIIOHEHTa Mi€NIOTpaHCIUIaHTATa 3 aHTHICH-
NpPEe3eHTYI040I0 (QYHKIII€I0 B 3aralbHOMY MeXaHi3Mi akTuBauii T-KIIITHH, 110 IHAYKYIOTh Peakiiio ,,TPaHCILIAHTaT MPOTH xa3siHa"
(PTIIX). PesynbraTit poOOTH 103BOJISIIOTE 3pO3YMITH MEXaHI3MH IMyHHHX B3a€MO/Iii KPiOKOHCEPBOBAHOTO AJIOMIEIOTPAHCIUIAHTATa 3
OpraHi3MOM pELMITIEHTA | MOXKJIMBOCTI BUKOPUCTaHHS KPIOKOHCEPBYBaHHS KiCTKOBOTO MO3KY JJIsl MiHiMi3awii po3Butky PTITX.

Kniouosi cnosa: anre3nBHi KIIITHHU KICTKOBOTO MO3KY, KPIOKOHCEPBYBaHHS, IMyHOPEaKTHBHICTh Mi€JIOTpaHCIUIAHTATA.

The comparative analysis of structure-functional characteristics of bone marrow adhesive cells (BMACs) prior to and after
cryopreservation was carried out. The data obtained confirm importance of BMACs as a component of myelotransplant with antigen-
presenting function in the general mechanism of T-cell activation that induce graft-versus-host reaction (GVHR). The results allow to
understand the mechanisms of immune interactions between cryopreserved allomyelotransplant and the recipient's organism and

opportunities of applying the cryopreservation of bone marrow for minimization of GVHR.
Key words: bone marrow adhesive cells, cryopreservation, myelotransplant immunoreactivity.

CymiecTBeHHON TPo0IeMON TPaHCTUIAHTAITAH THIC-
TOHECOBMECTUMOT0 KocTHOro Mo3ra (KM) sBisercs
pa3BUTHE UMMYHHOTO KOH(MIMKTA, BRIPAKAIOIIIETOCS
peakuueit “rpanciianTar npotus xo3stmaa” (PTIIX),
KOTOpasi KJIMHUYECKH MaHU(ECTUPYETCs B BUIe 00-
ne3Hu “TpaHcruianTar npotus xo3suHa” (BTIIX) [10,
11, 19]. U3BectHO, uTo B peanu3zauuu PTIIX ocHoBHast
pOAb OTBOAUTCS UMMYHOKOMIIETEHTHBIM KJIETKaM
(MKK) MuenoTrpaHcIuIaHTaTa, a IMEHHO T-KiieTKkam
[12]. C 3Tux no3unuii u3y4aroTcs BO3MOKHOCTH MUHU-
MU3aHH OCTIOKHEHUH IMMYHHOM IPUPOJIBI IIPY TPaHC-
IIAHTAIIMU THCTOHEecoBMecTHMOro KM, nmuménHoro
AHTUTCHPEAKTUBHBIX T-TUM(OINTOB U MX MTPEIIECT-
BeHHUKOB [ 13]. I1o Mepe pacmmnppoBKH MEXaHU3MOB
peaTn3aItuy PEaKIiA TPAHCIUIAHTAIIMOHHOTO IMMYHHY-
TeTa CTaJ0 OYEBHIIHEIM, YTO B CTAaHOBJICHHH d(de-
pentHoro u addepentroro 3BeHreB PTIIX moryt
y4acTBOBaTh, KpoMe T-IuM¢pOLUTOB, U IPyTHe KIETKH
MHEJOTPAHCIIJIAaHTATa, YTO MOATBEPKAAeT 3HAUU-
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Development of an immune conflict being mani-
fested as graft-versus-host reaction (GVHR), which
is denoted clinically as graft-versus-host disease
(GVHD), presents a great challenge for transplanta-
tion of histoincompatible bone marrow (BM) [10, 11,
19]. Immunocompetent cells (ICC) of myelotransplant,
namely T-cells, are known to play the main part in
GVHR [12]. In this respect the possibilities of minimi-
zation of immune complications after grafting a histoin-
compatible BM free of antigen-reactive T-lymphocytes
and their precursors are studied [13]. As mechanisms
of transplantation immunity reactions were clarified, it
became evident that besides T-lymphocytes other cells
of myelotransplant could participate in efferent and
afferent GVHR stages, which confirms importance of
myelotransplant component composition. Monocyte-
phagocytic system (MPS) elements belonging to the
bone marrow adhesive cell (BMAC) fraction can be
referred to such components. Transplantability of these
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MOCTB €r0 KOMIIOHEHTHOTO cocTaBa. K Takum koMIto-
HEHTaM MOYKHO OTHECTH 3JIEMEHTHI MOHOLIUTApHO-
(aronurapuoit cucremsl (M®C), Bxoasmue BO
(bpaknuio aaTe3wWBHBIX KJIETOK KOCTHOTO MO3Ta
(AKKM). IIponemoHcTpupoBaHsb! "TpaHCIIaHTa0E b~
HOCTB" 3THX KJIETOK U PETYJIATOPHas aKTHUBHOCTH B
OTHOIIIEHUH KOJIOHMEOOPa3yIOIINX EANHHIL B CEJIE3EHKE
oOmyuennbix perunuenToB (KOEc). Tak, ynanenue
¢pakunu AKKM conpoBoxaanoch CHUKECHUEM
KoIloHHeoOpasyromiel aktuBHOCcTH KM B cucteme in
vivo [14]. Takoro poma aktuBHOCTh AKKM peanu-
3yeTcs uepes3 MPUCYTCTBYIONINE B MUEIOTPAHCIIIAH-
tare Thy-1,2" — T-mumdonuTsl, UMEOLINE OTHOLLICHNE
K pasBututo PTIIX [2, 14].

ATNBTEpHATUBHBIM ITyTEM CEJIEKTUBHOM IIMMHHA-
UM KJIETOK, MPUCYTCTBYIOMINX B a/ITe3MBHON (PpaKinu
KM, siBnsieTcss KpHOKOHCEPBUPOBAHNE MUETOKapHOLH-
TOB B ompefeneHHbx pexxumax [14]. B takom KM,
Kak U IIpH MexaHndeckoM ynaneHuu ¢ppakimu AKKM,
CHIDKAJIaCh HE TOJIBKO KOJIOHHEOOpa3yromas akTHUB-
HOCTB CTBOJIOBBIX KpoBeTBOpHBIX KileTok (CKK), Ho
u uMmMmyHopeakTuBHOCTh (PTIIX-akTuBHOCTE). OfHA-
KO HE SCHA MPUYMHA MOAYIIALNN COCTOSHUS MHEIO-
TpaHCIUTAHTATA HU3KUMH TEMIIEPaTypaMH 1 0COOESHHO
KIIETOK, BXogsux B coctaB AKKM u onpenensirormmx
0C0OEHHOCTH IMMYHHBIX B3aMMO/ICHCTBHI aJlIOTeH-
Horo KM ¢ opraHu3MoM peruIueHTa.

Lenb paboThl — M3yueHUE OCOOCHHOCTEH H3MEHE-
HUSl CTPYKTYPHO-(DYHKIIMOHAIBHBIX XapaKTEPUCTUK
KJIEeTOK, Bxoasmux Bo ¢pakuuo AKKM mocie
KPHOKOHCEPBHUPOBAHHS.

Martepnaabl 1 meToAbI

OKCIepUMEHTHI BHINOIHAIN Ha 8—10-HeneabHBIX
Mmbiiax-camiax tuaun CBA/H u (CBA/HXC57B1) F1
Maccoii 22-24 1. MiccnenoBaHus TPOBOAUIIHN B COOT-
BETCTBUHM C NpUHIKIIAMH "EBponeiickoii KOHBEHIIUH O
3aIIMTE T03BOHOYHBIX KUBOTHBIX, HCIIOIb3YEMBbIX JIIS
SKCIEPUMEHTAIBHBIX U APYTUX HAYYHBIX Iejen"
(CtpacOypr, 1985).

Knerxku KM BriMbIBau 13 OeApeHHBIX KOCTEH cpe-
no#t 199 ¢ nobasnenunem 3%-it SMOpHOHATBEHOH Tes-
4Ybeil CBIBOPOTKH U 2%-r0 nuTpara HaTpus (paboyas
cpema). s monyuenus AKKM cycrnieH3u0 KIETOK
KM nukyOupoBanu B CTEKISHHBIX Yamkax (Sarstedt,
I'epmanns) nuamerpom 40 mm mpu 37°C B TedeHue
yaca. [IpukpenuBuinecss KJIETKH CHUMAJU C YalleK
crenuanbHbIM mmarteneM. [Ipu omenke xapakrtepa
BIIMSIHUSL KPHOIIPOTEKTOPOB Ha MUEIIOKAPHUOLIUTHI 10
KPHOKOHCEPBHPOBAHHUS K ITOJTy4eHHOU Ha pabodueii cpe-
ne cycrien3zun KM mo xarisiM 100aBIsiii KpHOKOHCEP-
BHPYIOIIUI pacTBOp B cooTHomeHnu 1:1. Koneunas
KOHLeHTpauust aumerwicyiabpokcuaa (IAMCO) coc-
TaBisu1a 10%, MONMATHIEHOKCHIA ¢ MOJIEKYJIIpPHON
maccoit 400 (IT20-400) — 7,5%. Knerkn KM unky6u-
POBaJIH C KPHOIIPOTEKTOPAMH B CHITMKOHI3UPOBAHHON
nocyne npu 4°C B teuenue 15 mun. {1 06padotku
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cells as well as their activity towards colony-forming
units (CFUs) in irradiated recipients' spleens were de-
monstrated. For example, removing BMAC fraction
was accompanied by a reduction in the BM colony-
forming activity in vivo [14]. Such BMAC activity is
realized over myelotransplant Thy-1,2" T-lymphocytes
pertaining GVHR development [2, 14].

An alternative way of selective elimination of cells
being present in BMAC fraction is cryopreservation
of myelokaryocytes by certain regimens [14]. In such
BM as well as in BM mechanically deprived of BMAC
fraction there was a decrease not only in colony-form-
ing activity of hemopoietic stem cells (HSCs) but also
in immunoreactivity (GVHR-activity). However, cau-
ses of low temperature-induced modulation of myelo-
transplant, especially cells belonging to BMACs, which
determine the peculiarities of immune interactions be-
tween allogenic BM and the recipient's organism, re-
main unclear.

The aim of the work is to study the structure-func-
tional changes in peculiarities of cells of BMAC frac-
tion after cryopreservation.

Materials and methods

8—10 week old mouse males of CBA/H and (CBA/
HxC57BI) F1 lines with the weight of 22-24 g were
used in the experiments. The experiments were car-
ried-out according to the statements of “European con-
vention for the protection of vertebrate animals used
for experimental and other scientific purposes" (Stras-
bourg, 1985).

BM cells were washed out of femour bones with
medium 199 containing 3% embryonic calf serum and
2% sodium citrate (handling medium). To isolate
BMACs the BM cell suspension was incubated in
40 mm glass plates (Sarstedt, Germany) at 37°C for
one hour. Attached cells were removed from the plates
with a special spreader. To assess cryoprotectants ef-
fects on myelokaryocytes prior to cryopreservation the
cryopreservative solution was added drop by drop in
the ratio 1:1 to the BM suspension in handling medium.
The final concentration of dimethyl sulfoxide (Me,SO)
was 10%, polyethylene oxide with molecular weight
of 400 (PEO-400) was 7.5%. BM cells were incuba-
ted with the cryoprotectants in siliconized dishes at 4°C
for 15 min. 3% silicon solution (antiform-silica) in ether
was used for processing the dishes. After the incuba-
tion cells were washed out from the cryoprotectant by
dilution with the double volume of handling medium,
centrifuged; smears were prepared from the pellets
and studied morphologically after staining according to
Romanovsky-Gimsa [6] with a light microscope. The
average histochemical coefficient was determined
cytochemically by acid phosphatase and non-specific
esterase tests [8]. The cell functional activity of native
intact, native after exposure to the cryoprotectant, and
cryopreserved BM was estimated by cell phagocytic
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MOCY/IBI UCTIONB30BaNH 3%~ pacTBOp CHIIMKOHA (aHTHU-
¢om-cunaka, Sigma, CILIA), npurorosieHHbIN Ha 3)u-
pe. [Tocie nHKyOaMy KIETKHA OTMBIBAIN OT MPOTEK-
TOpa MPOCTHIM pa3BeleHHUEM JIByKPAaTHBIM 00bEMOM
pabouelt cpenabl, HeHTpUuyrupoBanu, U3 ocaaka
TOTOBHJIN Ma3KH, KOTOpbIE OKpalIiBaii o Pomanos-
ckomy-I'um3a [6] mist MOp(hOIOTUYECKOM OLICHKH B
CBETOBOM MHKpOcKore. CpeaHnii THCTOXUMUIECKUI
K03((HUIHEHT ONpeAesIn UTOXUMUYECKUM aHaIHU-
30M Ha IPUCYTCTBHE KUCIION (hocdaTasbl U HecTienu(u-
geckoit acTepassl [§]. DyHKIMOHATBEHYIO aKTHBHOCTH
KJIETOK HATUBHOT'O MHTAaKTHOTO, HATHUBHOTO TOCIIE
SKCIOHHUPOBAHUS C KPHOIIPOTEKTOPOM M KPHOKOHCEP-
BupoBaHHoro KM onenuBanu no ux (aronurapHou
akTUBHOCTH: (paronurapHomMy unzaekcy (®H) — npo-
HEeHTY (aroUTUPOBABIINX KIETOK; (paronuTapHOMY
yucny (PY) — yncny 3aXxBaueHHBIX OIHOW KIIETKOU
MHUKPOOPraHUu3MOB (KyJIbTypa St. aureus ¢ KOHIEHTpa-
nueit 1x10° ka./mMir); abCOMOTHOMY ITOKa3aTEeIo
(aroruraproit aktTuBHOCTH (AIIDA) = OU X OY X
(abc. xomuuecTBO KI./MKI cycnensuu X 10°) [1].

Cycniensuto KM KpHOKOHCEpBHPOBAIH B MOJIUITH-
neHoBwIx ammnynax (Nunc, ['epmanus) B oObeme
1,5 mi ¢ 10%-m IMCO (pexxum Kpuo-1) nmm 7,5%-m
[130-400 (pexum Kpuo-2). KoctHblit MO3Tr 3amMopa-
*uBanu Ha yctaHoBke YOII-6 npoussonctsa CKTh
¢ OIIl UITKuK HAH VYkpaunsl. CKopocTh OXJaxe-
Hust 10 —25°C cocrasuna 1,5°C/MuH ¢ TOCIe Iy oM
norpyxenueM amiyi ¢ KM B xxunkuii azor. Cycnen-
3MI0 pa3MOpaKHUBaIM Ha BOJsHOHM Oane mpu 39—40°C
B TeueHne 50-60 ¢ mpu MOCTOSHHOM MOKaYMBAHUU
ammyn. Panee nomy4ennsie pe3yasrarsl [4] mokasanm,
yto B KM, kxprokoHcepBrpoBaHHOM B pexume Kpno-1,
coxpansoch 10 95% CKK u 50% Me3eHXxuManbHbIX
crBostoBbIX KileTok (MCK-KOE®), Torna kak B pexu-
Mme Kpno-2 — okxoino 55 % CKK u He 6onee 15% MCK.

Yposens 3kcripeccun anturena Mac-1 (CD11b) Ha
kietkax KM onpenensiu MeTooM HpsIMON UMMY-
HodyopecueHnuu Ha rurodayopumerpe FACS Cali-
bur (BD, CIIIA) ¢ ucriob30BaHHEM MOHOKIOHAIBHBIX
antuten (MAT) dupmer Caltag (CLLA). Bce manumy-
sy ¢ MAT BBINONHATIM B COOTBETCTBHU C PEKOMEH-
JAUSMHA QUPMBI-TTPOU3BOUTEIS.

[TomyueHHbIE pe3ynbTaThl CTATUCTHYECKH 00pabda-
TBIBAJIM B AJIEKTPOHHBIX Tabnumnax "Microsoft Excel
2000" c ucnonbp3oBaHUEM KpuTepusa MaHHa- YUTHHU.

Pe3yAbTatel M 00Cy)xaeHue

Hns aktuBanuu T-muMQpOIUTOB B MMMYHHOM
0TBETE HEOOXOAMMBI, KAK MUHHUMYM, JBa CHUTHaja.
Onmun niepemaercs yepes cuenupudecknii T-xieTod-
ueiit perentop (TKP), npyroi — wepes penentop
AHTUTEH-HeCTIeN(PUIECKON KOCTUMY/ISITOPHOM MoJie-
Kylie Ha MeMOpaHe T-KJIeTKH, B YaCTHOCTH, depe3
CD28-ctpyktypy [17]. B poiu KOCTUMYIATOPHOTO
CUTHaJIa-JIUTaH/a JIJIsl 9TOTO PEIeNTOpa BBICTYMAIOT
monekynsl B.7.1 (B.7.2), mpoagyuupyemble aHTUTEeH-
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activity: phagocytic index (PI) is the percentage of
phagocyting cells; phagocytic number (PN) is the
number of microorganisms (S. aureus culture at the
concentration of 1x10° cells/ml) captured by one cell
and by absolute index of phagocytic activity (AIPA) =
Pi x PN X(absolute number of cells per pul of suspen-
sion X 10°) [1].

BM suspension was cryopreserved in polyethylene
ampoules (Nunc, Germany) in the volume of 1.5 ml
with 10% M,SO (Cryo-1 regimen) or with 7.5%
PEO-400 (Cryo-2 regimen). BM was frozen with the
device UOP-6 (Special Designing and Technical Bu-
reau of the Institute for Problems of Cryobiology and
Cryomedicine of the National Academy of Sciences
of Ukraine). The cooling rate down to —25°C was
1.5°C/min and then the ampoules were plunged into
liquid nitrogen. While being thawed, suspensions were
shaked constantly in a water bath at 39—40°C for 50—
60 sec. The earlier data [4] showed that the Cryo-1
regimen preserved up to 95% of HSCs and 50% of
mesenchymal stem cells (MSCs-CFUf) in BM,
whereas the Cryo-2 regimen did about 55% of HSCs
and not more than 15% of MSCs.

Mac-1 (CD11b) antigen expression in BM cells was
determined by direct immunofluorescence on a
cytofluorometer FACS Calibur (BD, USA) with the
usage of monoclonal antibodies (MAB) (Caltag, USA).
All the procedures with MAB were performed accord-
ing to the manufacturer's recommendations.

The data obtained were statistically processed in
electronic tables Microsoft Excel 2000 using Mann-
Whitney criterion.

Results and discussion

Two signals at least are necessary to activate
T-lymphocytes in immune response. One of them is
transferred through a specific T-cellular receptor
(TCR), the other — through a receptor to antigen-non-
specific co-stimulatory molecule on T-cell membrane,
particularly through CD28-structure [17]. B.7.1 (B.7.2)
molecules produced by antigen-presenting cells (APCs)
act as a co-stimulatory signal-ligand for this receptor.
When either of these signals is absent, non-respon-
siveness to an antigen, anergy, develops [17]. In this
respect it is important to understand peculiarities of
immune interactions development upon transplantation
of histoincompatible BM to a recipient and a role of its
component composition in this process.

As it follows from the data obtained the BM of
CBA/H intact mice comprised about 20% of cells with
adhesive potential. Cytomorphological analysis of
BMAC fraction attests to a high content of macropha-
ges and a low content of other BM stromal cells func-
tioning as APCs in it (Fig. 1). Cytofluorometric as-
sessment showed that more than 60% of MPS cells in
BMAC fraction expressed the marker CD11b (Mac-1).
These results agree with the data [18] on about 8%
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npesertupytommmu kinetkamu (AIIK). Ipu otcyr-
CTBHHM KaKOI'0-TO U3 3TUX CUTHAJIOB Pa3BUBAETCS HEOT-
BEYaEMOCTb Ha aHTUreH — aHeprus [17]. B cBsa3um ¢
3THM Ba)KHO MOHATH OCOOCHHOCTHU Pa3BUTHSI UMMYH-
HBIX B3aMMOEUCTBUH NPY TPAHCIUIAHTAIIUH PELUTITNEH-
Ty rucToHecoBMecTuMoro KM u posu B 3TOM nporec-
C€ ero KOMIIOHEHTHOTO COCTaBa.

Kak cnenyer u3 nony4eHHbIX HAMU JJaHHbIX, B KM
WHTaKTHBIX MbIei mann CBA/H comepxutcst 0kono
20% KIIETOK ¢ aATe3UBHBIM OTCHIIHAIOM. [{nToMop-
¢donoruueckuii ananuz ppakuun AKKM cBugerens-
CTBYET O BBICOKOM COZICP)KaHMH B HEl Makpo(aros u
HEeOOJBILIOr0 KOMUYECTBA APYTUX KIETOK cTpoMbl KM
(puc. 1), xoropsie obnanator ¢pynkuuein AIIK. Ilo
JaHHBIM HUTOGITYOPUMETPUIECKON OLIeHKH Oonee 60%
kieTok MOC Bo ¢ppaxaun AKKM skenpeccuposanu
mapkep CD11b (MAC-1). Otu pe3yasTarhl coBIaa-
0T ¢ maaHbIMU [ 18] 0 comeprkanuu okoo 8% CD11b™-
KJIETOK B HedpakimoHupoBanHoM KM wmbimieit 3Toi
JIMHUH.

OreHKa akKTHBHOCTH KKC/I0M (hocdarasbl u acTepa-
3Bl BBISIBUJIA BEICOKHH UX ypoBeHb y 25-30% AKKM,
YTO XapakKTepHO AMi QYHKIHMOHAITbHO-aKTHBHBIX
kneTok MOC. JlelicTBUTENBHO, OLIEHKa (arouuTap-
Horo noreHnmana kietok KM mbimeii CBA nokasana,
yro uXx ®U cocrasnan 14,8 £ 1,7%; ®Y — 8,6 =
0,7 ab6c. en.; AIIDA 1,27 + 0,10 abc. en.

U3sBecTHO, uTo pazsutue PTIIX B ocTpoii unu xpo-
HUYeCKON (opMe TPOSIBICHUS COMOJYNHEHO MPABH-
JIaM, TIOCTYJUPYIOIIUM TIPUHIMIT Pa3IUIHbIX MTyTeH
Mpe3eHTalNy aHTUTeHa W aKTUBAaIUu T-KIeTOoK B
MHUeNOoTpaHCIUIaHTaTe. Pacrio3HaBaHre aHTUTEHOB XO-
35IMTHA IMMYHOPEaKTHBHBIMHU KJIETKAMHU MUEIOTPaHC-
IJIaHTAaTa MOYKET OCYIIECTBIISITHCS: NMPSAMBIM ITyTEM,
Korna goHopckue T-TuM(OUHUTH pacno3HaT H
aHTUreH 1 Mosekyinsl I knacca maBHOTo KOMILIEKca
rucrocoBmectumoctu (I'KT') Ha ATIK xo3stHa, 1160
HENPSAMBIM, KOT/1a aHTUTCHBI X0351HA U COOCTBECHHBIE
Mosekynsl Il kmacca mpencTaBisilOT TOHOPCKUM
T-mumdonmram AIIK Tpancimantupyemoro KM. He-
MpsIMOY (aJIBTEPHATUBHBIN ) Iy Th MTPEe3eHTAI[NHN aHTH-
reHa akTuBupyeT goHopckue CD4" — T-xmerku, He
CIOCOOHBIE HEMOCPECTBEHHO B3aUMOJICHCTBOBATS C
KJIeTKaMu xo3suHa. [Ipu 3TOM oTMedaeTcss 3HAYH-
MOCTh 00OUX BEKTOPOB aKTHBAalUU T-KIETOK aJlio-
MHUeNoTpaHcIanTara [12], 4To nogq4epkuBaeT Bax-
HYIO pOJIb KJIETOK CTPOMAJIbHOTO MHUKPOOKPY>KEHUS
KM B ununuanuu PTIIX. Hackolpko U3MEHSIOTCS
CTPYKTYPHO-()YHKLIIMOHAJIbHBIE XapaKTEPUCTUKU ITUX
KJIETOK Toclie KpuoKoHcepBupoBanus KM BunHo u3
puc. 2.

Yxe nmocine akcnoszunuu KM ¢ IMCO wunum
I150-400 B cycIieH3uN YBEIMIUBAIOCH COIEPKAHUE
AKKM, uT0 cBUIETENBCTBYET 00 SKCTIAHCHH MOJIEKYIT
aJre3ny Ha KIETKaX, KOTOpble HE HECITH UX B HCXOI-
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2,00

12,71

Puc. 1. KitleTouHbI cocTaB aAre3nBHOM (ppaKIuy HATUBHOTO
KM: O - makpodaru + apyrue xnetku ctpomsl KM; 00—
rparynouuntsl; A — mmmdonntsr, M- HennddepeHnmpoBaH-
HBIE KIICTKH, OJIaCThI.

Fig. 1. Cell composition of adhesive fraction of native BM:
O - macrophages + other BM stromal cells; O— granulo-
cytes; &A— lymphocytes; Bl — non-differentiated cells, blasts.

content of CD11b" cells in non-fractionated BM of this
mouse line.

The assessment of acid phosphatase and esterase
activities demonstrated their high levels in 25-30% of
BMAC:s, which is typical for functionally active MPS
cells. Indeed, the assessment of the phagocytic poten-
tial of BM cells of CBA mice showed that their PI
was 14.8 £ 1.7%; PN was 8.6 £ 0.7 absolute units;
AIPA was 1.27 + 0.10 absolute units.

It is known that acute or chronic GVHR develop-
ment complies with the principles of different ways of
antigen presentation and T-cell activation in the myelo-
transplant. Recognizing the host's antigens by the
myelotransplant immunoreactive cells can be realized
either through a direct way, when the donor's lympho-
cytes recognize both the antigen and major histocom-
patibility complex (MHC) class II molecules on the
host APCs, or through an indirect way, when the host's
antigens and his own class II molecules present APCs
of transplanted BM to the donor's T-lymphocytes. The
indirect (alternative) way of the antigen presentation
activates the donor's CD4" T-cells incapable of a di-
rect interacting with the host's cells. Herewith signifi-
cance of the both activation ways of allomyelotransplant
T-cells is noted [12], which emphasized an important
role of BM stromal microenvironment cells in GVHR
initiation. Fig. 2 shows how much structure-functional
characteristics of these cells are changed after cryo-
preservation of BM.

After the exposure of BM to Me,SO or to PEO-400
the BMAC content in suspension increased, that at-
tests the adhesion molecules expansion on cells, which
did not have them in the initial BM. Various intensity of
this process means a different stress potential of each
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I120-400; nocToBepHOCTH paznuuuii (p < 0,05) B cpaBHEHHU:
* — ¢ KOHTPOJIEM; ¥ — MEXKY OIBITHBIMU TPYIIIAMH.

Fig. 2. Adhesive and Mac-1* (CD11b) cells contents in BM
prior to and after exposure to the cryoprotectants: 0 —initial
BM (control); O—BM + Me,SO; B—BM + PEO-400; the
significance of differences (p <0.05) in comparison: * —with
the control; * — between the experimental groups.

HoM KM. Pa3Has BBIpaXX€HHOCTBH 3TOrO Ipolecca
[IOTYEPKHUBAET MPOSIBIICHNE PA3HOU CTETIEHHU CTPECCHH-
OyLIUOEIbHOTO MOTEHIHAaNIa KX I0T0 KpHOIPOTEKTOpa
B OTHOILIEHUU 3TUX MoJieKyl Ha kieTkax KM [5]. Ha
9TO yKa3bIBAET U XapaKTep MOBBIIICHHUS B CYCIIEH3UN
KM conepxanmst KIeToK ¢ Mapkepom Mac-1, KoTo-
pBIH paccMaTpuBaeTcs Kak MeMOpaHHasi CTPYKTYpa,
npucymas knerkam MOC [14].

N3BecTHO, 4TO peapaHKUPOBKa MEMOpPAaHHBIX pe-
LIENITOPHBIX MOJIEKYJ OTpakaeTcsa Ha (PyHKIIHOHAb-
HOM cratyce kietok [3]. [Ipu onpenenenuu darorm-
TapHOU akTHBHOCTH KieTok KM okazanocs, uTo nocne
sKcno3unuu ¢ mporekropamMu ux ®U, Y n AIIOA
U3MEHSUIUCH Mo-pazHomy (puc. 3). IMCO unaymmpo-
BaJl JOCTOBEpHOE NoBkIIeHNe Toabko U, Torna kak
nociie skcno3uiuu ¢ [130-400 cymecTBeHHO MOBBI-
aycs KaKIbIA U3 3THX TIOKa3aTeneil, T. €. mocie 3To-
'O ATara MpearnoAroTOBKH K KPHOKOHCEPBUPOBAHUIO
(haronurupyromue kietku KM HaxXoamimmch B pa3HOM
HCXOAHOM (PYHKITHOHATHHOM COCTOSTHHU.

Taxoro poga M3MEHEHHS CKa3bIBAIOTCA Ha KpHOJIa-
OmITpHOCTH (KPHOCTAOMITFHOCTH ) 3THX KJeToK. [Ipen-
CTaBJICHHBIE Ha pUC. 4 TaHHBIE IEMOHCTPUPYIOT CHU-
xenue konudectBa AKKM B cycnensun KM mnocine
KpHOKOHCcepBHpoBaHUs. [Ipy 3TOM cTeneHb CHUKEHUS
Obl1a 00paTHO MPONOPLMOHATIEHA CTEHEHH OBBILICHHS
UX COAEp)KaHUs MOCie SKBHIUOpaUNu ¢ MPOTEKTO-
pamu. B pesynbrare npu MakCUMaIbHOM MOBBILIEHUH
COZIeprKaHMs a/Ir€3MBHBIX KJIETOK MOCIIE SKBHIHOpAIN
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cryoprotectant towards these molecules on BM cells
[5]. The manner of increasing in the number of cells
with the Mac-1 marker in BM suspension, which is
considered as a membrane structure intrinsic for MPS
cells, also points to this difference [14].

Rearranging membrane receptor molecules is
known to be reflected on the functional status of cells
[3]. When BM cells phagocytic activity being deter-
mined, it turned out that their PI, PN and AIPA changed
differently after exposure to the cryoprotectants
(Fig. 3). Me,SO only induced a significant rise in PI,
whereas after the exposure to PEO-400 each of these
indices increased significantly, i. e. after this pre-treat-
ment stage the BM phagocyting cells were in different
initial functional states.

Such changes impact the cryolability (cryostability)
of these cells. The data presented in Fig. 4 demon-
strate a decrease in BMAC content in BM suspension
after cryopreservation. Herewith the extent of the de-
crease is inversely proportional to the extent of the
increase in their content after equilibration with the
cryoprotectants. In the issue the maximal increase in
adhesive cell content after equilibration with PEO-400
was paralleled by the maximal decrease in their con-
tent after cryopreservation with this cryoprotectant.
Phenotypic analysis showed that in BM cryopreserved

*

*
HH
3t

HH

DU, dY, AMNDPA, % OT KOHTpOISA
PI, PN, AIPA, % of control
[0}
o

KM +MCO
BM + Me,SO

KM + M30-400
BM + PEO-400

Puc. 3. ®arouurapnas aktuBHOCTh Kietok KM mocne
skcnoszunuu ¢ JJMCO u I190-400: O - daronurapHsii
naaekc; O — paromuraproe uncno; M — ATIDA; nocToBep-
HOCTH paznuunii (p <0,05) B cpaBHEHUH: * — ¢ KOHTPOJIEM;
# — MEXIy OTIBITHBIMH I'pyIIIaMH; 37ech U aajuee 3a 100%
MIPUHATHI OKa3aTeny kiaeTok KM 1o skcro3unmu ¢ Kpro-
MIPOTEKTOPOM.

Fig. 3. BM cells phagocytic activity after the exposure to
Me,SO or to PEO-400: O - phagocytic index; O0— phago-
cytic number; ll— AIPA; the significance of differences (p <
0.05) in comparison: * — with the control; # — between the
experimental groups; hereinafter BM cells values prior to
the exposure to the cryoprotectants are accepted as 100%.
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Puc. 4. Xapaktep U3MEHEHHUS COACPKAHUS aATe3UBHBIX U
Mac-17(CD11b) — knerok B KM nociie 5KCIo3uIim ¢ Kpruo-
MIPOTEKTOPOM U IOCIEIYIOIIEr0 KPHOKOHCEPBHPOBAHUS:
O- KM+ /IMCO; & — KM +I150-400; B — KM + Kpwuo-1;
O - KM + Kpuo-2; nocroBepHocTts paznmuyuii (p < 0,05) B
CpaBHEHHH: * — C KOHTPOJEM; # — MEXIY ONBITHBIMH
TpYIIaMH.

Fig. 4. Pattern of changes in adhesive and Mac-1" (CD11b)
cells contents in BM after exposure to the cryoprotectant
followed by cryopreservation: 01—-BM + Me SO; 42— BM +
PEO-400; - BM + Cryo-1; O—BM + Cryo-2; the signifi-
cance of differences (p < 0.05) in comparison: *— with the
control; # — between the experimental groups.

¢ [150-400 Habnromanoch U MAKCUMAIbHOE CHUKEHUE
HX KOHIICHTPAITUH ITOCTIE KPHOKOHCEPBUPOBAHMS C 3TUM
nporekropoM. Cyns 1mo pe3ynbpraraM (HEeHOTHITHIEC-
Koro aHanusa, B KM, KpHOKOHCEpBUPOBAaHHOM C
I190-400, moutn B 2 paza yMEHBIIAIOCH KOJTHIECTBO
Mac-1" — KJ1eToK, IO CpaBHEHHIO C KPHOKOHCEPBUPO-
BaHHBbIMHE B ipucytcTBuu [IMCO. BepostHo, pexxum
Kpwno-2 nposiBisiet 0ombIyro ""arpecCuBHOCTD" B OT-
HOILIEHUH MOJIEKYI aare3un. UTHAyIMpys uX MOBbIIICH-
HYI0 DKCIIPECCHIO Ha dTare SKBIINOPALUH, 3TOT pe-
JKUM BBI3BIBACT U 00JIee BBIPAKEHHOE T10CJIE KPUOKOH-
CEepPBUPOBaHUS CXOXKIeHUE (shedding) peuentopos,
yepes3 kotopsle kineTku MOC, kak U3BECTHO, peaju-
3YIOT CBOIO PYHKITHOHAIBHYIO aKTUBHOCTb.

Ornenka (pyHKIIMOHATIBFHOTO CTaTyca KPHOKOHCEP-
BHpPOBaHHBIX KJIeTok KM c ¢aromurapHoii akTuB-
HOCTBIO TOJTBEPKAAET JaHHbIN Te3uc. Kak BUaHO
(puc. 5), xpuokoncepsupoBanrne KM mop 3amuToi
I150-400 mpuBOAUIIO K 3HAYUTEIHLHO OONBIIEMY
camxeHuto ®U u ®Y B cpaBHEHUM ¢ JaHHBIMU AJIS
AMCO, uro MaHH(ECTHPOBAIOCH PE3KUM CHHUXKE-
HueMm AIIDA, nogyepkuBas Mo4TH MOITHOE OTCYTCT-
BHE WHTErPAIbHONW (PyHKIIMOHATHLHON aKTUBHOCTH
KJIETOK, KpHOKOHCEPBUPOBAHHBIX B ’TOM PEKUME.

[TonyueHHble JaHHBIE AAIOT OCHOBAHUE CUUTATD,
YTO MPEATIOCBUIKOH ATOTO SBIISETCS M3MEHEHHE (aro-
HMTapHOro norenmnuania kietok KM yxke Ha 3Tarne ux
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150

with PEO-400 the number of CD11b" cells was also
twice as low as that in BM cryopreserved with Me SO.
The Cryo-2 regimen is likely to be more "aggressive"
towards adhesion molecules. Inducing their enhanced
expression at the equilibration stage this regimen leads
also to more significant post-thaw shedding of
receptors, through which MPS cells are known to per-
form their functions.

The assessment of the functional state of cryopre-
served BM cells with phagocytic activity confirms this
statement. It can be seen (Fig. 5) that cryopreservation
of BM protected by PEO-400 led to a more consider-
able decline in PI and PN comparing to the case of
cryopreservation with Me,SO, which was manifested
as a drastic drop in AIPA emphasizing almost total
absence of the integral functional activity of cells
cryopreserved according to this regimen.

The data obtained allow suggesting that the change
in the phagocytic potential of BM cells at the stage of
their equilibration with the PEO-400 cryoprotectant is
a pre-condition for this phenomenon. In fact the expo-
sure of BM cells to the cryoprotectant sensitizes them
to stress factors of the freeze-thawing process. It is
logical that the more expressed such response of
myelokaryocytes at the stage of equilibration with PEO-
400 is, the more sensitive they become to the follow-
up physico-chemical factors affecting at the cryopre-
servation stage.

It can be concluded that cryopreservation of BM
protected by 10% Me SO or by 7.5% PEO-400 modi-

3
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HH %
= *

[o)]
o
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* 4
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DU, DY, AMNDPA, % OT KOHTPOIA
PI, PN, AIPA, % of control
N
o

Kpwno-1 Kpuo-2

Cryo-1 Cryo-2
Puc. 5. ®arouurapnas aktuBHOCTh KieTok KM mocne
KprOKoHcepBupoBaHus: [0 — daromurapusiii unaexc; O —
(arouuraproe uncio; ll— ATIDOA; nocToBepHOCTH pasiu-
ynii (p < 0,05) B cpaBHEHUH: * — C KOHTpOJIEM; # — MEXIY
OMBITHBIMU TPYIITAMH.
Fig. 5. BM cells phagocytic activity after cryopreservation:
O - phagocytic index; O — phagocytic number; ll— AIPA;
the significance of differences (p <0.05) in comparison: * —
with the control; # — between the experimental groups.

problems
of cryobiology

Vol. 20, 2010, Ne2



SKBUIMOpauu ¢ kpuonpoTtekTopoM [190-400. Dak-
TUYECKH dKco3uius kinetok KM ¢ kpuonporekTopom
"CeHCHOMIM3UPYET" UX K ISHCTBUIO CTPECCOPHBIX (aK-
TOPOB, PEATU3YEMBIX IIPH 3aMOPAKMBAHUH-OTOTPEBE
6nooObekTa. Jlornuno, yTo yeM OoJjiee BbIpaXkeH Ta-
KOIo pojia OTBET MUEJIOKAPHUOLIUTOB HA ATAIlE KBU-
nuoparuu ¢ [130-400, Tem 60j1e€ UyBCTBUTEIbLHBIMU
OHHU CTaHOBSTCS K JEHCTBHIO (PM3UKO-XHUMUYECKUX
(baxTOpOB "BTOPOrO 311IeNIOHA", pealn3yeMbIX Ha dTare
KPHOKOHCEPBHUPOBAHHS.

MOXHO 3aKJIFO4UTh, YTO KPHOKOHCEpBUpoBaHue KM
o 3auToit 10%-ro IMCO unu 7,5%-ro I120-400
MOAU(ULIUPYET CTPYKTYpHBbIE U (YHKIHOHAIbHbIE
XapaKTePUCTUKHU KIIETOK ¢ (YHKLIUEH 3JIEMEHTOB
M®C, BXoAsImuX B COCTaB MUEIOTpaHCILIaHTaTa. Ta-
KH€ KIJIETKH, KaK H3BECTHO, TIOTEHIINAIBFHO SABIISIOTCS
AIIK 1 y4acTBYIOT B peanu3aliii HIMMYHHBIX B3aHMO-
JEHCTBUI TPaHCIUIAHTHUPYEMOI'O TMCTOHECOBMECTH-
mMoro KM ¢ opranu3mMoM pelnunueHTa, BKI0Yas
PTIIX [16]. Pe3ynbrarsl paboThl HOATBEPKAAIOT, YTO
111 KM, KpHOKOHCEpBHPOBAHHOTO MOJ 3aIUTON
I[190-400, Takoro poaa B3auMoaeicTBUS OyayT CHH-
»eHbl. ClleI0BaTeNbHO, BIOIHE JJOTHYHBI paHee MOITy-
YeHHBIE HAMU JaHHBIE O MHHUMH3AIUN CTETIEHU
nposiBieHna PTIIX-aktuBHocTH annoreHHoro KM,
KpHUOKOHCEpBUpOBaHHOTO noA 3amuTor 1130-400 B
cpaBHeHUH ¢ KM, KproKoHCEpBUPOBaHHBIM IO/ 3L~
toit IMCO [7]. Kpome Tor0, pe3ynbTarsl 3TOi paboTsl
BHOCSAT CYIIECTBEHHBIN BKJaJ B MOHMMaHHE MeXa-
HU3MOB UMMYHHBIX B3aMMOJICHCTBHI KPHOKOHCEPBH-
POBAHHOTO AJUTOMHETIOTPAHCIIIIAHTATA C OPTaHU3MOM
PELMITEeHTa ¥ BO3MOXXHOCTH HCTIOIb30BAHMUS KPUOKOH-
ceppupoBanusd KM nng MUHMMH3aIUU pa3BUTHUA
PTIIX. Oto eme pa3 JOoKa3bIBa€T MPABOMOYHOCTh
BBIJIBUHYTOH paHee KOHIEIIUH O CIIOCOOHOCTH KPHO-
KOHCEPBUPOBAHUS BBICTYIIATh B POIIM (PaKTOpa yIpas-
JIeHUs] BHYTPEHHUM COCTOsiHUEM (intrinsic state)
o6mooobekTa [15].

BbiBOADI

1. CpaBHUTENBHBIN aHATIM3 CTPYKTYPHO-(YHKIIHO-
HAJBbHBIX XapaKTEPUCTHK KIJICTOK, BXOISAIINX BO Ppak-
o AKKM (eHoTunnyeckre npu3HaKu, aare3MBHbIC
CBOWCTBA ¥ (parouuTapHasi aKTHBHOCTB ), IIPOJIEMOH-
cTpupoBall OoJiee BbIpaKEHHbIC H3MEHEHHsI yKa3aH-
HBIX CBOWCTB IpH KpuOKOHCepBHpoBaHuu KM mon
3amuTo 1130-400, wem IMCO. Takoro pona u3me-
HEHUS pa3BUBAIOTCSA YK€ Ha 3Tarne 3kcrno3uiuu KM c
KpPHOIIPOTEKTOPOM.

2. IlpuBeneHHbIE JaHHBIE OJYEPKUBAIOT 3HAYH-
mocTh AKKM Kak KOMITOHEHTa MUEJIOTPaHCIUIaHTaTa
B peasTn3allii €ro UMMYHOPEAaKTUBHOCTH U SBJISIOTCS
BaYKHBIM 3JIEMEHTOM JI0OKa3aTeNbHOI 0a3bl coCTOs-
TEJIFHOCTH aJIbTEPHATUBHOTO ITyTH MPE3€HTALlNU AHTH-
reHa JOHOPCKUMHU CTPOMAaJIbHBIMH JIEMEHTaMH aJlio-
reanoro KM c ¢ynxkmueii AIIK B 00mem mexanusme
akTuBauuu T-kieTok, uHayuupyromux PTITX.
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fies structural and functional characteristics of cells
with MPS elements functions, which are a part of
myelotransplant. Such cells are known to be potential
APCs and take part in immune interactions between
transplanted histoincompatible BM and the recipient's
organism including GVHR [16]. The results of the work
confirm that for BM cryopreserved with PEO-400 such
interactions will be weakened. Consequently our ear-
lier data on minimization of GVHR activity of allogenic
BM cryopreserved with PEO-400 as compared to BM
cryopreserved with Me,SO are quite logical [7]. Be-
sides, the results of this work contribute a lot to the
insight into mechanisms of immune interactions be-
tween cryopreserved myelotransplant and the recipi-
ent's organism and to the opportunity of applying
cryopreservation of BM for GVHR minimization. This
fact proves once more the relevance of our concep-
tion proposed earlier on the ability of cryopreservation
to act as a factor regulating the intrinsic state of a
bioobject [15].

Conclusions

1. The comparative analysis of structure-functional
characteristics of cells, which are a part of BMAC
fraction (phenotypic features, adhesive properties and
phagocytic activity), demonstrated more expressed
changes of the properties above-mentioned upon
cryopreservation of BM protected by PEO-400 than
those of BM cryopreserved with Me,SO. These chan-
ges develop as early as at the stage of exposure of
BM to the cryoprotectants.

2. The data presented confirm importance of
BMAC:s as a component of myelotransplant for reali-
zation of its immunoreactivity and are a vital argument
for substantiality of the alternative way of antigen pres-
entation by the donor's stromal elements with APC
functions of allogenic BM in the general mechanism
of T-cell activation inducing GVHR.
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