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Effect of Different Cryopreservation Regimens on Integrity of Bone
Marrow Stem Hemopoietic Cells in Animals with Autoimmune Diseases
Part 1. In vitro Estimation of Functional Status of Cryopreserved Bone Marrow

Hemopoietic Precursors
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B cucreme in vitro onpezeneHs! GyHKIMOHATBHBIC XapaKTEPUCTHKN CTBOJIOBBIX KpoBeTBOPHBIX KieTok (CKK) kocTtHOrO MO3ra
(KM) 310poBBIX KUBOTHBEIX M C ayTOMMMYHHBIMHU 3aboneBanusamu (AV3) mo u mocie KpHOKOHCEPBHPOBAHHUS C HUCIIOIb30BaHUEM
pa3sauYHEIX pexuMoB. [lokazaHbl NPUHOUNUAIBHBIE Pa3JIMUHUS U3MEHEHHS (YyHKIMOHAIBHOTO CTaTyca KPOBETBOPHBIX
MIPEAIIeCTBEHHUKOB 30POBBIX JOHOPOB 1 ¢ A3 Ipu aHAIOTHYHBIX YCIOBUSIX KPHOKOHCEPBUPOBaHHUsL. OTMEUEHO, ITO BapbUPOBaHUE
KOHIIEHTpaIXeil KPHOMPOTEKTOPa P OTHOI U TOH k€ CKOPOCTH 3aMOPAKUBAHUS MTO3BOJISICT BBIACIUTH ONTHMYM YCIIOBHUH, IpH
KOTOPBIX (h)aKTOPBI KPHOKOHCEPBUPOBAHMS B PABHON CTENEHU BIUSIOT HE TOJIBKO HA (DYHKIIMOHAIBHBIN CTaTyC KPOBETBOPHBIX KIETOK
pasHoii creneHn uddepeHInPOBKH, HO U MOIyYSHHOTO OT Pa3HBIX JOHOPOB (pusnonorus u matonorus) KM. B To ke Bpems pa3Hbie
CKOPOCTH 3aMOPAKHBAHNUS HIMEIOT HICHTHIHBIE TapameTps! cenekTuBHoro BinstHust Ha CKK onpenenennoro ypoBus auddepeHnnpoBKI
B 3710poBOM U “miaronormdeckom’” KM. YcTaHOBIEHO, YTO ONTUMATEHBIMA B OTHOLIEHUH 00ecTiedeH s (PyHKIIMOHAIBFHOTO MOTEHIHAIa
sTux ki1eTok B KM okazamuch pa3iaudHbIe yCIOBUS KPHOKOHCEPBHPOBaHUS. Tak, MaKCHMalbHOE KOJUYIECTBO M Hamboiee
cOaaHCHPOBAHHBIN CyONOMyIAIMOHHBIM COCTaB KPOBETBOPHBIX HPEAIIECTBEHHUKOB B BHAE KOJIOHHEOOPa3yIOMUX €IUHUIL]
rpanyiomoHonuTonod3a (KOE-I'M) u ¢hopMupyromux KOJOHHU B CEIE3CHKE JIETANbHO 00MydeHHBIX penumnueHToB (KOEc) KM
3JJ0POBBIX JKUBOTHBIX OBLIT COXPaHEH II0CIIE 3aMOPAaXUBaHU cO ckopocThio 1°C/muH ¢ 10%-M qumetmncynsdorcunom (AMCO), a nus
KM xuBotHbIx ¢ A3 — 40°C/mun ¢ 10%-m IMCO. OuepenHoii pa3 Ha KOHKPETHOM IpUMEpe IMOJIEPKUBACTCS IPABOMOYHOCTh
paHee BBICKa3aHHOM aBTOPaMH HAEU O BO3MOXKHOCTH HCIIOIb30BAHUS KPHOKOHCEPBUPOBAHUS KaK (paKTOpa HANPABIEHHOH peTyIsIun
coCTOsTHHS OM000BEKTA U, B YaCTHOCTH, KPOBETBOPHBIX IpeAecTBeHHIKOB KM ¢ pa3nn4HbIM HCXOIHBIM CTaTyCOM.

Knroueswie cnosa: xoctHbIi Mo3T, KpoBeTBopHEIE pemectBeHHUKN (KOE-I'M, KOEc), ayronmmyHHBIE 3a0051eBaHMs, abIOBAHTHBII
apTPUT, METOIBI KPUOKOHCEPBUPOBAHHUS

VY cucteMi in vitro BU3Ha4eHO (YHKIIOHAJBHI XapaKTEPUCTUKU cTOBOYpoBUX KpoBoTBOpHUX KIiTHH (CKK) KicTKOBOrO MO3KY
(KM) 310p0oBHX TBapHH i 3 ay TOIMyHHUMHU 3axBOproBaHHsIMH (AI3) 10 1 miciis KpiOKOHCEpBYBaHHS 3 BUKOPHCTAHHSM PI3HUX PEKHIMIB.
[ToxazaHO MPUHIIUTIOBI BIAMIHHOCTI 3MiHU (PYHKITIOHAIBHOTO CTaTyCy KPOBOTBOPHHUX IOTIEPEIHUKIB 3I0pPOBHUX NOHOPIB 13 Al3 mpu
AHAJIOTIYHMX YMOBaX KPIOKOHCEPBYBaHH:I. 3a3HAYCHO, 110 BAPIFOBAHHS KOHIICHTPALIECIO KPIOMPOTEKTOPa IMPH OJIHIH 1 Tl )K€ IMBUAKOCTI
3aMOPOXYBAHHSI JO3BOJISIE BUALIUTH OTHMYM YMOB, IPH IKUX YHHHUKH KPIOKOHCEPBYBaHHSI B PiBHIl Mipi BIUIMBAIOTh HE TIIbKU Ha
(yHKIIOHABHUI CTaTyC KPOBOTBOPHUX KIIITHH Pi3HOI MipH AU EpEHITIIOBaHHS, alle f OTPUMAHOT0 BiJ pi3HUX JOHOPIB ((pizionoris
i maronorist) KM. V¥ Toif e 4ac pi3Hi MIBUAKOCTI 3aMOpPOXKYBaHHS MAIOTh 1ICHTHYHI MapaMeTpu celeKTuBHOro BrumBy Ha CKK
TIEBHOTO PiBHSA AU EPCHIIIIOBAHHS B 3I0pOBOMY 1 “maTonorigHomy’” KM. BetaHoBIIEHO, IO ONTUMAIEHUMH BiTHOCHO 320€311eYCHHS
(YHKIIOHAIBHOTO MOTEHLIaNy HuX KITHH B KM BUSBHIIMCS Pi3HI yMOBH KpiOKOHCEpBYBaHHS. Tak, MaKkCHMajbHA KUIBKICTP 1
HalOIbIm 30a7aHCOBAaHUH CyOMOMyNSAiIHHNI CKIIaJg KPOBOTBOPHUX MOIMEPEIHUKIB y BUIVISAAI KOJOHIEYTBOPIOIOUHUX OJMHUIL
rpanyinomononuTtomnoesa (KYO-I'M) i hopmyrodnx KoJIoHI{ B cene3iHili eTanbHo onpoMineHnx penunieHTi (KYOc) KM 3noposux
TBapuH OyB 30epexxeHui micist 3aMopoxkyBanHs 31 mBuaKicTio 1°C/xB 3 10%-M JIMCO, a nast KM tBapun 3 AI3 —40°C/xB 3 10%-M
JAMCO. Ha KoHKpeTHOMY MpHKIAIi MiIKPECIIOETHCS MPaBOMOYHICTh PaHillle BUCIOBICHOI aBTOpaMHU el Mpo MOXIHBICTh
BHUKOPUCTAHHS KPIOKOHCEPBYBAHHS SIK YMHHHKA HAIPABICHOI peryisinii ctaHy KpOBOTBOPHHUX monepeanukiB KM 3 pizHumM
[I0YaTKOBHM CTaTyCOM.

Knrouosi cnosa: xictkoBmii Mo30K, kpoBoTBOpHI nonepenauku (KYO-I'M, KYOc), ayToiMyHHI 3aXBOPIOBaHHS, aJbIOBAaHTHUI
apTPHT, METOJM KPiOKOHCEPBYBaHHS.

Functional characteristics of hemopoietic stem cells (HSCs) of bone marrow (BM) in healthy animals and those with autoimmune
diseases (AIDs) before and after cryopreservation using different regimens were in vitro determined. Fundamental differences of a
change in functional status of hemopoietic precursors in healthy and AIDs donors under the same changes in cryopreservation
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conditions are shown. It was noted, that varying concentrations of cryoprotectant at the same freezing rate enabled to point out the
optimum of conditions, under which the cryopreservation factors equally affected both functional status of hemopoietic cells of
different differentiation rate and BM, procured from different donors (physiology and pathology). At he same time different freezing
rates have identical parameters of a selective effect on SHCs with a certain differentiation level in healthy and “pathological” BM.
Different cryopreservation conditions were established to be the optimal ones in respect to providing functional potential of these
cells in both BMs. Thus, the maximum number and the most balanced subpopulation composition of hemopoietic precursors as
colony-forming units of granulomonocytopoiesis (CFU-GM) and forming colonies in spleen of lethally irradiated recipients (CFUs)
of healthy animals’ BM were preserved after freezing with 1°C/min rate and 10% dimethyl sulfoxide (DMSO) and 40°C/min with 10%
DMSO for BM of AIDs animals. The relevance of idea, recently given by authors about the possibility to use cryopreservation as a
factor of directed regulation of bioobject’s state and, in particular, BM hemopoietic precursors with different initial status is emphasized

with a specific example.

Key-words: bone marrow, hemopoietic precursors (CFU-GM, CFUs), autoimmune diseases, adjuvant arthritis, cryopreservation

methods.

Ontumuzanus METOJ0B KPUOKOHCEPBUPOBAHUS
KM ¢ pa3nuuHbIM HCXOAHBIM MOP(POPYHKIIHO-
HaJbHBIM COCTOSIHHEM CTaJia erie 0ojiee aKTyaabHON
POOJIEMOH B CBSI3U C BOCTPEOOBAaHHOCTHIO ayTOJIO-
ruyHoro KM mns neuenus psga AU3 u cooTBerct-
BEHHO HEOOXOIUMOCTBIO €r0 XpaHeHHS IPH CYyOHYITe-
BBIX Temmeparypax [5, 7, 15, 16]. OueBunHo, 4TO
3¢ $EeKTUBHOCTH ay TOTPAHCIIAHTAIIA KPHOKOHCEPBH-
poBanHoro KM OyneT ompeneiasaTbcsi CTENEeHbBIO
COXPAHHOCTH PA3TMYHBIX €r0 KJIETOYHBIX TOYJIISIINH,
B nepBy0 odepens CKK, a Takxke cTpoMalbHBIX
AJIIEMEHTOB KPOBETBOPHOTO MUKPOOKPYKCHHS,
o0Jaiaommx “TpaHCIUTAHTA0CIbHOCTHIO” U BBIIIOJI-
HSIOUIUX B OTHOILIEHUU 3TUX KIETOK aKIECCOPHBIC
¢ynkumi [3,4, 13]. MopdodyHKIHMOHAIBHEIE XapaKTe-
PHUCTUKHU KIETOYHO-TKAHEBBIX CyOCTpPaTOB reMo-
no3TUYeckoi cucteMsl npu AU3 oTnmyarTcs OT
TAKOBBIX NTPH (PU3UONOTHUECKUX YCIOBHAX [2, 10, 12].
YCTOWYHBOCTh OMOJTOTHYICCKOTO MaTepualia K
JeHCTBHIO PaKTOPOB HUZKOTEMIIEPATyPHOTO KOHCEP-
BHPOBAHUS ONIPEICIISICTCS €r0 NCXOMHBIM CTPYKTYPHO-
(dhyHKIHOHATBEHEIM cocTostHuEeM [3, 8, 11]. IloaTomy
HEOOXOJAUMO B TEOPETHUYECKOM H MPHUKJIATHOM
acTieKTax u3ydaTh 0COOEHHOCTH N3MEHEeHHs (DyHKIINO-
HanpHOTO ctaryca CKK xocTHOro mMo3ra naiueHToB
¢ AU3 mocne gedcTBUS QPU3UKO-XUMHYCCKUX
(hakTOpOB, peanu3zyeMbIX B MPOIECCe KPUOKOHCEP-
BHPOBaHMS, JUIsl OTPA0OTKU ONITUMATBHBIX PEKHMOB
KpUOKOHCepBUpoBaHUs Takoro KM.

Lenp paboThl — U3Yy4YUTh B CPABHUTEIBHOM
aCTieKTe 0COOCHHOCTH BIUSHUS PA3INIHBIX PEKIMOB
KPHOKOHCEPBUPOBAHHS HAa KOJIOHHEOOPa3yIouryio
aKTUBHOCTH pa3Ho# crenenn auddepernnpoku CKK
KOCTHOTO MO3Ta JKHBOTHBIX C aILIOBAHTHBIM apTpH-
ToM (AA) B cucreme in vitro.

Martepuanbl n mertoanl

DKCIepUMEHTHI NMPOBECHBI Ha MBIIIaX-camIlax
muann CBA/Calac 4-mecssuHOTO BO3pacTta Maccoi
20-25 1. Bce MaHUTTYIISAIINH C Y)KUBOTHBIMH BEITIOTHEHBI
coniacHo MexxyHapoHbIM puHIMnaM EBpornieiickoit
KOHBEHIIMU O 3al[UTE MO3BOHOYHBIX YXKUBOTHBIX
(CrpacOypr, 1985 r). AnbroBaHTHBIN apTPUT HHIY LU~
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Optimizing methods for BM cryopreservation with
a different initial morphofunctional state occurred to
be more actual task due to a need in autologous BM
for treating some AIDs and, correspondingly, to a
necessity for its storage under subzero temperatures
[5-7, 15, 17]. The efficiency of cryopreserved BM
autotransplantation will be evidently determined by the
integrity degree of its different cellular populations,
primarily HSCs, as well as stromal elements of
hemopoietic microenvironment, possessing a “trans-
plantability” and realizing accessory functions
regarding these cells [3, 4, 13]. Morphofunctional
characteristics of hemopoietic system cell-tissue
substrates at AIDs differ from those under physio-
logical conditions [2, 10, 12]. Resistance of biological
material to the effect of factors of low temperature
preservation is determined by its initial structural and
functional state [8, 11]. Therefore the peculiarities of
a change in BM HSCs functional status in AIDs
patients after the effect of physical and chemical
factors, realized during cryopreservation are needed
to be investigated in both theoretical and applied aspects
in order to work-out the optimal regiments for such
BM cryopreservation.

The work was aimed to a comparative study of
peculiarities of different cryopreservation regimens
influence on a colony-forming activity of bone marrow
SHC:s of different differentiation degree in animals with
adjuvant arthritis (AA) in vitro.

Materials and methods

Experiments were carried-out in 4 months’ CBA/
CaLac male mice with 20-25 g weight. All manipu-
lations with animals were performed according to the
“European Convention for the Protection of Vertebrate
Animals Used for Experimental and Other Scientific
Purposes” (Strasbourg, 1985). Adjuvant arthritis was
induced by subplantar introduction of a complete
Freund’s adjuvant [14]. Investigation object was
animal’s BM, procured to the 14" day of AA
development, which was washed-out from femoral
bones with 199 medium with adding 100% embryonic
calf serum and 20% sodium citrate. Healthy animal’s
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poBanu CcyOmiIaHTapHBIM BBEICHHEM IOJIHOTO
angptoBanTa Opeitnaa [14]. O0beKTOM HCCICIOBAHUS
01 KM >KMBOTHBIX, IOJIy4eHHBIH Ha 14-e¢ cyTKH
pa3Butusi AA, KOTOPBIH BBIMBIBAIH M3 OCAPEHHBIX
koctelt cpenoit 199 ¢ nobasnenuem 10%-i smOpHo-
HaJIbHOM TeNnsd4bed CBIBOPOTKU M 2%-ro muTpara
Hatpud. Kontponem ciyxun KM 310poBBIX KHBOT-
HbIX. CyCIIeH3H1I0 KJIETOK KPHOKOHCEPBUPOBAJIH B TON
ke cpexe mon 3amuroi 5, 7 u 10%-ro JIMCO (B
KOHEYHOM KOHIIEHTPALINH) B MTONMATHIIEHOBBIX KPHOKOH-
TeitHepax ¢pupmbl Nunc o0bemMoM 1M1 ¢ KOHIIEHTpa-
et 6,0x10° KIeTOK/MJI Ha MPOrPaMMHOM 3aMOpa-
sxusatene “Cryoson” (I'epmanus). B pabore Obuin
anpoOUPOBaHbI TPOTPAMMbI KPHOKOHCEPBHPOBAHHS CO
CIENYIOIUMU CKOPOCTIMH OXJIaKICHUS:

1°C/mun 1o —40°C c nocneayomum Norpyxe-
HUEM B JXUJKUH a30T (pexum 1);

—10°C/muH, 10-MyuHYTHas BBIACPKKA IPU TEMIIE-
patype —40°C ¢ mocnenyouuM MOrpyKeHHEM B
KUAKUH a30T (pexuM 2);

—40°C/muH, 10-MUHYTHAS BBIJICPXKKA IPU TEMIIE-
parype —40°C ¢ mocleayoIiiuM HOTPYKEHHUEM B
KUIKAN a30T (pexuM 3).

CycrieH3uIo OTOTpeBaiiv Ha BOASHOW OaHe MpH
temmneparype 38-40°C B teuenne 40-50 c. Ilocne
KpUOKOHCEepBUpOBaHUA KineTku KM oTmbiBanu oT
KPHOIIPOTEKTOPa MEAJICHHBIM JJOOaBICHHEM PABHOTO
o0bema paboueld cpenbl U MOCIEAYIOMUM LEHTPH-
($yrupoBaHueM.

Jl1st oLleHKH copepKaHUsl KPOBETBOPHBIX Ipe-
mecTBeHHUKOB KOE-I'M ncnone3zoBanu meron
KyJIbTUBUpOBaHUs cycneH3nu KM ¢ koHneHTpanuen
1X10° KJIETOK/MI B MOJTYKUAKOM arape Mmpu TeMmIle-
patype 37°C B atmocdepe ¢ 5% CO, u 95% Bo3ayxa
[9]. Yuer KOE-I'M natuBHOoro KM KOHTPOJBHBIX
JKMBOTHBIX U ¢ AA NpOBOAMIHN HA 7-€ CYTKH
KyIbTHUBUpOBaHUsA. [Ipu uccaegoBaHNM TUHAMHUKA
(hopMupoBaHus CTPYKTYp HATUBHBIM KM 3TuX rpymmn
YKUBOTHBIX HE OBLIIO OTMEYEHO IOCTOBEPHBIX OTIUIHN
UX KonudecTBa ¢ 7-x mo 14-e cytku. ComepkaHue
KPOBETBOPHBIX KJIIETOK-IIPEIIIECTBEHHUKOB B KpHO-
koHcepBHpoBaHHOM KM onpenenanu Ha 14-e cyTkn
KyJBTUBHPOBAHMS, YIUTHIBAS TOT (pakT, uTo npoiude-
parusHas aktuBHOCTh KOE-I'M nocne kpruokoHcepBu-
pOBaHuUs BpeMeHHO HHruOupoBana [ 7]. IaTerpaibHbiit
nmokazarenb KOE-I'M — ato cymma mpexamect-
BEHHUKOB, (POPMHPYIOMNX CTPYKTYPHI 10 20 KIETOK
(knmactepsl) 1 6oitee 20 kieToK (KojoHuK ). J{iis oreHKH
pacupenenenuss B KM KpoBETBOPHBIX KJIETOK €
pa3IMYHON cTemneHplo udPpepeHInpoBKN (MeHEe
nuQQepeHIpoBaHHbIC MPEANIECTBEHHUKN (HOpMU-
pPYIOT KoJoHHH, Oosiee — Kiacteps [1]) ObUT BBEACH
nHAeKc nmpoiudepatuBHod aktuBHocTu (MITA
KOE-I'M), npencraBnsronuii co00i OTHOIIEHUE
KOJIOHHEOOPa3yIoIMX MPealIeCTBEHHUKOB K KJlac-
TepoOpa3yIONIUM.
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BM served as the control. Cell suspension was
cryopreserved in the same medium under 5, 7 and 10%
DMSO protection (in final concentration) in 1 ml Nunc
polyethylene containers with 6.0x10°¢ cells/ml
concentration using “Cryoson” programmable freezer
(Germany). In the work we approved the cryoprese-
rvation programs with following cooling rates:

— 1°C/min down to —40°C with following immersion
into liquid nitrogen (1% regimen);

— 10°C/min, a 10 min exposure at —40°C with
following immersion into liquid nitrogen (2" regimen);

— 40°C/min, a 10 min exposure at —40°C with
following immersion into liquid nitrogen (3™ regimen).

Suspension was thawed on water bath at 38-40°C
during 40-50 sec. After cryopreservation BM cells
were washed-out of cryoprotectant by a slow adding
of handling medium of equal volume and following
centrifuging.

In order to estimate the content of hemopoietic
precursors (CFU-GM) we used the method for BM
suspension culturing with 1x10° cells/ml concentration
in a semi-liquid agar at 37°C with 5% CO, and 95%
air in atmosphere [9]. Native BM CFU-GM in control
animals and those with AA were counted to the 7*
day of culturing. When investigating dynamics of
structure formation by native BM in these animal
groups no statistical and significant differences in their
amount from 7" to 14" days were observed. Content
of hemopoietic cells-precursors in a cryopreserved BM
was determined to the 14" day of culturing, taking into
account the fact, that CFU-GM proliferative activity
after cryopreservation was temporarily inhibited [7].
CFU-GM integral index is the sum of precursors,
forming structures up to 20 cells (clusters) and more
than 20 ones (colonies). To estimate the hemopoietic
cell distribution in BM with a different differentiation
degree (less differentiated precursors form colonies,
more differentiated ones do clusters [1]) we introduced
the index of proliferative activity (IPA CFU-GM),
representing a ratio of colony-forming precursors to
cluster-forming ones.

Integral efficiency estimation for the used
cryopreservation regimens was carried-out using the
index of total deviation scope (TDS) [11]. Summary
deviation scope is the sum of deviations of selected
indices on the control (100%), divided by 100. Results
with lower TDS were more satisfactory. The obtained
experimental data were statistically processed with
“Microsoft Excel 2000 electronic tables.

Results and discussion

In vitro estimation of functional state of
cryopreserved BM hemopoietic precursors in
healthy animals. After cryopreservation of healthy
animals’ BM with 1°C/min cooling rate (the 1%
regimen) the colony-forming activity of hemopoietic
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C nmomombpl0 HHAEKCA CYMMapHOH CTENEHH
otknonenus (CCO) uccrneayemMbIx okazaresei Obiia
MpoBeJieHa UHTerpalibHas oleHKa 3(()EKTUBHOCTH
HCTIOJh30BAHHBIX PEXXUMOB KPHOKOHCEPBUPOBAHMUSI
[11]. CymmMapHas cTeneHb OTKIOHEHHS - 3TO CyMMa
OTKJIOHEHHH BBIOPAaHHBIX IMOKa3aTesell OT KOHTPOJIA
(100%), pasnenernas wa 100. bomee ymosie-
TBOPUTENHHBIMH OBLITH pe3ynbTarsl ¢ MeHbIei CCO.
[lomy4eHHbIe SKCTIEpUMEHTATILHBIE JAHHBIE CTATUCTHU-
4ecKH 00padaThIBAIMCH C MOMOIIBIO 3JIEKTPOHHBIX
tabnui “Microsoft Excel 2000”.

Pe3yAbTaTbl M 00Cy)XA€HHe

Oyenka in vitro ¢ynkyuonaivnozo cmamyca
KPOBEMEOPHLIX NPEOUeCm8eHHUKOE KPUOKOHCeD-
suposannozo KM 30oposvix scusomnuix. Ilocime
KpuokoHcepBupoBaHus KM 310pOBBIX JKUBOTHBIX CO
ckopocThio oxnaxaeHus 1°C/mun (pexum 1)
KOJIOHHEe00Opa3yioniass akTHBHOCTh KPOBETBOPHBIX
MIpEIIIeCTBEHHUKOB PAHKUPOBAIAch MpUMEPHO oT 60
10 95% u moBmIIIAJNIACh IO MEpPE YBEIWYEHHUS
KOHLIEHTpalMK Kpronporektopa (puc.l,a), nocruras
MakcuMaJabHOTO ypoBHSA (92,0243,68 KOE-I'M ot
koHTpOoJIsT) Tipu ero 10%-ii koHteHTparuu. OIHAKO TPH
ucnonb3zoBaHuu 5%-ro JMCO oTMeueHO HEKOTOpOe
otksioHeHne UITA oT HOpMBI B CTOPOHY MOBBIILIEHUS
coJlepKaHUA KOJOHMEOoOpa3youIuxX NpeAlecT-
BEHHHUKOB.

VYBenuyeHne CKOPOCTH 3aMOpPaXMBaHHUA 0
10°C/mMuH (pekum 2) CONPOBOKAATOCH CHUKEHUEM
coxpanHoctu KOE-I'M mnpu ucrnonb30BaHHH BCeX
koHIeHTpanuit JIMCO mo cpaBHEHHIO C peKHUMOM 1
(puc. 2, a). U B atom cayqae 10%-it IMCO obecrne-
YMBaJl MAKCUMAJIbHYIO COXPAaHHOCTh KPOBETBOPHBIX
MpeanecTBeHHUKOB (64+3,21%), cpenu KOTOPBIX
npeobiaganu komoHueoodpasytonue: UIIA 6501 B 1,3
pasa BBbILIE, YeM B KOHTpOJIE.

MaxkcuManpHO€ KOJIHWYECTBO KPOBETBOPHBIX
MIPEAIIeCTBEHHUKOB B KPHOKOHCEPBUPOBAHHOM CO
ckopocthio 40°C/mun (pexxum 3) KM coxpansiioch
npu ucnosbzoBanuu 7%-ro JIMCO (puc. 3, a). Otot
[OKa3aTeJlb MPaKTUYECKU ObLI WACHTHYHBIM IIONTY-
YeHHOMY NpHU 3TOH ke koHueHtpauuu [IMCO B
pexume 1. [Ipu 3TOM, IpeBbITIIast ONTUMAIBHBINA IPU
pexume 2 (75,61£3,55 u 64,004+3,21% cootBeTcT-
BeHHO; p<0,05), OH Bce ke yCTyImaln MaKCHMaIIbHOMY
ipu pexxkume 1 (75,6143,55 n 92,34+6,44%, p<0,05).
Kpome toro, npu ckopoctu oxnaxaeuus 40°C/MuH
nokaszarens MIIA u3MmeHsncs B CpaBHEHHUH C
KOHTpOJIEM: TTpH 1cnofnb3oBaHuu 5%-ro IMCO on Obin
6onee yuem B 1,5 pasa Beime, a npu 10%-#
KOHIIGHTpAIK — B 2 pa3a Huxe KoHTpossd. CyriecT-
BEHHO, YTO TaKue BeIpaxkeHHbICe n3MeHeHus1 UT1A npu
5 1 10%-ii KOHIIEHTpaLUU KPHUOIIPOTEKTOpa HAOIIO-
Januch Ha (OoHE MPUMEPHO OAMHAKOBOTO CHMXKEHHS
obmero konuuectBa KOE-I'M B 3Tux rpynmax (B
cpemHeM B 2 pasa).
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precursors was ranged approximately from 60 to 95%
and increased with the augmentation of cryoprotectant
concentration (Fig 1, a), by reaching the maximum level
(92.02+3.68 CFU-GM of the control) under its 10%
concentration. However when using 5% DMSO there
was observed a certain IPA deviation on the norm
towards an increase in content of colony-forming
precursors.

An increase in freezing rate up to 10°C/min (the
2™ regimen) was accompanied by a decrease in CFU-
GM integrity when using all DMSO concentrations in
comparison with the 1% regimen (Fig. 2, a). In this
case 10% DMSO provided the maximum integrity of
hemopoietic precursors (64+3.21%) among which
predominated the colony-forming ones: [PA was in 1.3
times higher than in the control.

The maximum amount of hemopoietic precursors
in BM, cryopreserved with 40°C/min rate (3" regimen)
was preserved when using 7% DMSO (Fig. 3, a). This
index was practically identical to that, obtained at the
same DMSO concentration with 1% regimen. At the
same time when exceeding the optimal one at the 2™
regimen (75.61+3.55 and 64.00+3.21% correspon-
dingly; p<0.05) it was inferior to the maximum at the
1* regimen (75.6143.55 and 92.34+6.44%, p<0.05).
In addition, at 40°C/min cooling rate the index changed
in comparison with the IPA control, which was more
than 1.5 times higher during 5% DMSO usage and in
twice lower the control at 10% concentration. Of note
is that such manifested IPA changes at 5 and 10%
cryoprotectant concentrations were observed at the
background of approximately equal decrease in total
number of CFU-GM in these groups (twice).

In vitro estimation of functional state of
cryopreserved BM hemopoietic precursors in AA
animals. Results of a comparative analysis of BM state
in healthy and AA animals demonstrated that the BM
colony-forming activity in AA animals was lower by
approximately 40% than the control one
(57.00+2.85%). In addition, IPA augmentation at AA
up to 1.7540.06% testifies to concentration increase
of less differentiated precursors, i.e. forming the
colonies in such BM (Fig. 1, b).

After cryopreserving BM of AA animals with 1°C/
min freezing rate with 7% DSMO the CFU-GM and
IPA integrity remained at the level of indices before
cryopreservation. Two other DMSO concentrations
were equally less efficient in providing integrity of total
CFU-GM number (reduction by 25-27%) in comparison
with the native BM of AA animals. However if at 5%
concentration of cryoprotectant the IPA twice
exceeded the control (2.00+£0.10), at 10% one it was
even lower (0.87+0.06; control was accepted for 1).

Dependency of CFU-GM content on cryoprotectant
concentration after BM freezing with the 2™ regimen
(10°C/min rate) was practically the same as at the 1*
one (Fig. 2, b). However, if judging by IPA, the rate
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Fig. 1. Comparative estimation of CFU-GM content and IPA of bone marrow in healthy (a) and AA animals (b) before and
after cryopreservation at the 1* regimen (1°C/min cooling rate).
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Fig. 2. Comparative estimation of CFU-GM content and index of proliferative activity of bone marrow in healthy (a) and AA
animals (b) before and after cryopreservation at the 2™ regimen (10°C/min cooling rate).

Oyenka in vitro QyHKyuoHaIbHO20 cmamyca
KPOBEemBOpPHLIX Npeduecm8eHHUKO8 KPUOKOH-
cepsuposannozo KM oicueomuvix ¢ AA. Pesynbrarsl
CPaBHUTENBHOIO aHalin3a cocToaHuss KM 310poBbIx
JKUBOTHBIX U C AA TIOKa3aii, 9TO KOJIOHNEOOpa3yro-
mast akTuBHOCTh KM XHUBOTHBIX ¢ AA Onlia
npumepHo Ha 40% HUXKeE, 4eM KOHTPOJBHOTO
(57,00£2,85%). Kpome Toro, yBennuenne UITA mpu
AA 1o 1,7540,06 cBuaETENbCTBYET O MOBBIILICHUN B
MPOBJIEMbI
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augmentation obviously inhibited functional potential
of colony-forming cell-precursors, moreover in a
greater extent within cryoprotectant concentration
increase.

Atthe 3" regimen (Fig. 3, b) the maximum integrity
of CFU-GM was provided by 10% DMSO concen-
tration (50.4+4.56%) but not 7% one in contrast to 1*
regimen (51.2+4.84%) and 2™ one (55.37+3.97%).
However for the 3 regimen the regularity of reduction
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takom KM koHIneHTpanuu MeHee nuddepeHn-
POBaHHBIX MPENIIECTBEHHUKOB, T.€. (HOPMHUPYIOLINX
kononuu (cMm. puc. 1, 0).

[Tocne xpuokoHcepBrupoBanust KM JKHBOTHBIX C
AA co ckopocTbio 3amopaxuBaHusi 1°C/MHUH TOIBKO
ipu ucnonb3oBanuu 7%-ro AMCO coxpansocts KOE-
I'M u UITA ocrtaBanuch Ha ypoBHE NOKa3aTeneil 10
KPHUOKOHCEpBHpOBaHU. JIBe npyrue KOHLIEHTpPALUH
JAMCO 0Obutn B paBHOU cTenieHn MeHee YQQEeKTHBHEI
B 00ECIIeUeHNU COXPAHHOCTH OOIIETO KOJHMYecTBa
KOE-I'M (cumxenue Ha 25-27%) 1m0 CpaBHEHHUIO C
HatuBHBIM KM sxuBoTHBIX ¢ AA. OmHAaKko, eciau npu
5%-# xoHUIeHTpanuu kpuomnportekropa MIIA B nBa
pa3za mpeBbItiai KOHTpoib (2,00+0,10), To mpu 10%-i
ob11 qaxe Hiwke (0,87+0,06; KOHTpOIL IPUHAT 32 1).

3aBucumocts coaepxanusi KOE-I'M ot koHIIEHT-
paunu KpuonpoTeKTopa nocie 3amopaxusanusi KM B
pexxume 2 (ckopoctsb 10°C/MuH) mpakTudecku Oblia
Takas ke, kak mnpu pexxume 1 (puc. 2, 6). Cyns mo
UITA, noBeIllIeHHE CKOPOCTH SBHO MHTUOWPOBAIO
(bYHKIIMOHANBHBIA MOTEHIHAN KJIETOK-TPEIIecT-
BEHHUKOB, (OPMUPYIOMIUX KOJOHUH, NIPUYEM, B
OoJibliel CTETeH! TPU YBEITHMUYSHUH KOHIEHTPAIHN
KpPHOTIPOTEKTOpA.

[pu pexume 3 (puc.3, 0) MAaKCUMAIIbHYIO COXPaH-
Hoctb KOE-I'M, B oramume ot pexumoB 1
(51,244+4,84%) u 2 (55,37+£3,97%), obecneunBaiia He
7, a 10%-s xonuentpamus JMCO (50,4+4,56% ot
KOHTpoas u 88+3,45% oT mokazarens n0 3aMopa-
xuBaHus). OIHAKO U1 peXUMa 3 MPOCIIEeKUBAIACH
(xapakTepHas IJs peXxuma 2) 3aKOHOMEPHOCTH
camwkennsa B KM koHeHTpanuu 6ojee MOTEHTHBIX
MPEIIECCTBEHHUKOB [0 Mepe IOBBILICHUS KOHIICHT-
paruu [IMCO.

Oyenxa cmenenu moougukayuu GyHKyuo-
HanvHo2o cmamyca in vitro KM ¢ nomowsio
unmeepanvrnozo noxkazamens CCO. Ilocne 3amo-
paxuBanust KM 310pOBBIX JKHBOTHBIX B pexuMe |
myarme pe3ynsratel CCO (0,0840,005) momydeHs! mpu
ucnonb3oBanuu 10%-ro AMCO (puc. 3). IIpu s1oii
e KOHIIEHTPALUU KPHOIPOTEKTOPa ObLIN HOITY4YEHBI
ayuqmue pesynsratsl CCO gt KM, kpuokoHcep-
BHUPOBAaHHOT'O B PEXXHUME 2, OJJHAKO B JTaHHOM Cllydae
mokasaTeib OBLI Xy)Xe HNpeAblaylero B 5 pas
(0,39+0,02). [l pexxrMa 3 MUHUMAITbHOE OTKJIOHEHUE
rokazatesi Obut10 otMedeHo ¢ 7%-m [IMCO. B atom
cirygae CCO x0T 1 OblIa XyKe, 4eM MpH pexume 1,
HO Jry4ie, geM mpu peskame 2 (0,24+0,02 u 0,39+0,02;
p<0,05).

Hns mpenmectBeHHUKOB KM KUBOTHBIX ¢ AA,
HaoOopoT, yummme pe3ynasrarel CCO npu pexxnmax 1
u 2 otmeuensl ¢ 7%-m JIMCO (0,55+0,04 1 0,52+0,05
COOTBETCTBEHHO), a ipu pexume 3 ¢ 10%-m IMCO
(0,55£0,03). Ilpu aTom, B oiinure oT KM 310poBbIx
>KUBOTHBIX, JTyuliue pe3ynbrarsl KM skuBoTHBIX ¢ AA
CYIIECTBEHHO HE OTIIMYAINCh MEXKIYy co00i mpu
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Fig. 3. Comparative estimation of CFU-GM content and
index of proliferative activity of bone marrow in healthy (a)
and AA animals (b) before and after cryopreservation at
the 3™ regimen (40°C/min cooling rate).

of more potent precursor concentration in BM with an
increase in DMSO concentration (typical for the 2™
one) was traced.

Estimation of modification degree of functional
status in vitro of BM using TDS integral index. After
freezing healthy animals’ BM with the 1* regimen the
best results of TDS 0.08+0.005 were obtained when
using 10% DMSO. Using the same concentration of
cryoprotectant the best TDS results were obtained for
BM, cryopreserved with the 2™ regimen, but in this
case the index was 5 times lower than the previous
one (0.39+0.02). For the 3" regimen the minimum index
deviation was noted at 7% DMSO. In this case even
though TDS was lower than at the 1* regimen, it was
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KaXJO0M pEXHUME KPHOKOH- 08

Pexum 1 Pexum 2 Pexum 3
Cceggnpoo%a;)f:bi?f;i?: 07 | 1st regimen 2nd regimen 3rd regimen
, :
YWl OTBETA IPEIIEeCTBEH-
HukoB KOE-I'M kocTHOTO £ 06 ‘\‘\A
MO3ra 3[0POBBIX JKUBOTHBIX M & s
¢ AA na wsMeneHue yenosuii ¢ £ 059
KPUOKOHCEPBHPOBAHUSA, IIPH- >0
BeieHbl Ha puc. 4. B wact- 2= 041
HOCTH, 30HBI BAPLUPOBAHH gg 03
rmokaszaTesie MpHU pa3HBIX gld_) '
PEXMMAX U KOHIEHTPALUAX Qg
kpuonporekropos mig KM C o 0.2 1
YKUBOTHBIX C AA 3HaYUTENIEHO =
mewnbiie (0,52-0,67), uem s 0.1+
koHTponbHOTO KM (0,08- 0

0,60). K Tomy xe s pa3nuy-
HBIX PEXXHUMOB BHE 3aBHUCHU-
mocTH ot Buga KM HarmsagHo
BHJHA MaKCHUMajbHas CTe-
IICHb OTKJIOHCHHS IT0KA3aTelIs
IIPH HCNOIB30BAHUM 5%-TO
JAMCO. Hcxoas u3 310TO0, B
JaJIbHEHIINX UCCIIEIOBAHUIX
KOJIOHMEOOpa3yroIiel aKTHB-
Hoctu KM B cucreme in vivo MBI COYJIH 11€7€C000-
Pa3HBIM UCIOB30BaTh TOABKO 7 U 10%-10 KOHIIEHTpa-
muro [IMCO.

5 7

with AA (A).

BbiBOADI

He menpmunii mHTEpEC MpeAcTaBisgeT mpobdiema
OIICHKH 0COOCHHOCTEH BIMSIHUS KPUOKOHCEPBUPOBAHHS
Ha ¢ynxnuoHansHbIN cratyc CKK xocTHOTO MO3ra,
($hopMUPYIOIUX T€MOMOITUYECKHE CTPYKTYPHI B
CHCTEME in vivo, T.e. 60JIee MOTEeHTHBIX B CPABHEHUH
¢ KOE-I'M. Pemenne 3Tux BOMPOCOB OyneT mpen-
CTaBJICHO BO BTOPOH 4acTH PabOTHI.

YcranosneH (akt naMeHeHus1 (yHKIHOHAIHLHOTO
MOTEHIHaJla KPOBETBOPHBIX IPEAIIeCTBEHHUKOB
(KOE-I'M) KM npu pazsutun AU3 u paznugHOro ux
OTBETA Ha OAHU M T€ XK€ YCIOBUS KPUOKOHCEP-
BUPOBAHUSI.
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Fig. 4. Freezing regimen dependent total deviation scope of CFU-GM indices and
index of proliferative activity of cryopreserved BM from healthy animals () and those

higher than at the 2™ one (0.24+0.02 and 0.39+0.02;
p<0.05).

For BM precursors of AA animals the best TDS
results at the 1* and 2™ regimens were conversely
observed with 7% DMSO (0.55+0.04 and 0.52+0.05,
correspondingly), and with 10% DMSO at the 3™ one
(0.55+0.03). At the same time in contrast to BM of
healthy animals the best results of BM in AA animals
did not significantly differ among themselves at each
cryopreservation regimen. The TDS results, reflecting
differences of response of BM CFU-GM precursors
of healthy and AA animals on a change in cryopreser-
vation conditions, are shown in the Fig. 4. In particular,
the areas of indices variation at different regimens and
cryoprotectant concentrations for BM of AA animals
are significantly lower (0.52-0.67) than for the control
BM (0.08-0.60). In addition, for different cryopreser-
vation regimens independently on BM type the
maximum degree of index deviation when using 5%
DMSO is dramatically seen. Proceeding from this we
considered as expedient to use only 7 and 10% DMSO
concentrations in further investigations of BM colony-
forming activity in vivo.

Conclusions

The problem with estimating the peculiarities of
cryopreservation influence on functional status of BM
SHCs, forming hemopoietic structures in vivo, i.e.
more potent in comparison with CFU-GM, is of not
less interest. Solving of this problem will be shown in
the second part of the work.
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The fact of a change in functional potential of

hemopoietic precursors (CFU-GM) at AIDs develop-
ment and their different response on the same
cryopreservation conditions was established.
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