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Peculiarities of Cryopreservation Effect on Functional Potential of Fetal
Liver Hemopoietic Stem Cells of Various Gestation Terms

CrocoGHOCTb KPHOKOHCEPBUPOBAHUSA MOAUGHUIIMPOBATH CTPYKTYPHO-(QYHKIHOHAIBHBIN cTaTyC 6HO0OBEKTa, B TOM YHCIIE KIETOK
¢eranpHOit neyenu (KDIT), MoxKeT HCIONIB30BATHCS JJIsl ONTUMHU3ALNH KIICTOYHOH 1 TKaHEeBO# Tepanun. P PeKTHBHOCTb NPUMEHEHHS
K®II onpenensiercss npuCyTCTBUEM B HUX IIHMPOKOTO CHEKTPa KIETOYHBIX HOIMYNIALUHI, B KOTOPBIX KIIOYEBYIO POJIb UTPAIOT CTBOJIOBBIE
KPOBETBOPHBIE KJISTKH . YCTAaHOBJICHO U3MEHEeHHE (peHOTUNNYECKUX U QyHKIOHANBHBIX XapakTepucTuk KOII ¢ npononrarueii cpoka
reCTaluH, YTO BEIPAXKAJIOCh B CHIDKCHUH MX KOJIOHHEOOpa3yolero noteHuuana, konrdecrsa CD34"- 1 oqHOBpeMEHHOM yBEITHYCHUH
Mac-1*- u LFA-1"-knerok. Iloka3zaHo, 4To KpHOKOHCEpBUpOBaHue cenekTuBHO oboramntaetr KOII 18 cyTok recranuy KpoBeTBOPHBIMU
HpEAIIECTBEHHUKaMHK ¢ OOJIBIIUM NporepaTHBHBIM HOTEHIMAIOM. JlaHHbII (aKT MOXKET OBITh ONPEICIISIFOLIMM B TIPOSIBICHUN UX
TeparneBTu4eckoro adhdekra.

Kniouesvie cnosa: xierku GperanbHOil Ie4eHH, KPHOKOHCEPBUPOBAHKE, KPOBETBOPHBIE IPE/IIICCTBEHHUKH.

31aTHicTh KPiOKOHCEPBY BaHHS MOIU(IKyBaTH CTPYKTYypHO-(QYHKIIOHAIBHUI cTaTyC 01000’ €KTa, Y TOMY YHCIi KIITHH (eTaabHOT
nevinku (KOIT), Moxxe BAKOPHCTOBYBATUCS JUIs ONTUMI3awii KIITHHHOT | TkKannHHOI Tepanii. E¢exruBHicTs 3actocyBanns KOII Bu3-
HAYa€eTHCsI IPUCYTHICTIO B HUX IIMPOKOTO CHEKTPA KIITHHHUX MOMYJISIIIN, B SIKUX KIIIOYOBY POJIb BillirpatoTh CTOBOYPOBI KPOBOTBOPHI
KJIITHHU. YCTaHOBJICHO 3MiHYy (DeHOTHIIYHUX 1 QyHKIIOHAIBHUX XapakTepucTuk KOIT 3 mponoHraieio TepMiHy recrariii, 1o BUpaxaiocs
B 3HIKCHHI 1X KOJIOHIEYTBOPIOIOUOTO MOTEHIIIaMy, KijbkocTi CD34°- i omHoyacHOMY 30imbineHHi Mac-17- 1 LFA-1*-knitus. [TokasaHo,
1110 KPiOKOHCEPBYBaHHs ceeKTHBHO 30arauye KOII 18 n1i6 recrarii KpOBOTBOPHUMH MOTIEPETHUKAMHE 3 BEJIMKUM NpotidepaTuBHUM
noteHuianom. Jlanuit paxkt Moxke OyTH BU3HAYAIBHUM B IIPOSIBI IXHBOT'O TEPAIIEBTUYHOTO €(EKTY.

Kniouogi cnoea: xnitunu GeranbHOI MEUiHKH, KPIOKOHCEPBYBaHHS, KDOBOTBOPHI ITOMIEPETHUKH.

The capability of cryopreservation to modify structural and functional status of bioobject, including fetal liver cells (FLCs), may
be applied for cell and tissue therapy optimisation. The efficiency of FLCs application is determined by the presence in them of a wide
spectrum of cell populations, including hemopoietic stem cells. There has been established a change in phenotypic and functional
characteristics of FLCs with gestation term prolongation, manifesting in a decrease in their colony-forming potential, CD34" number
and a simultaneous increase in Mac-1* and LFA-1" cells. Cryopreservation was shown as capable for a selective enrichment of 18
gestation day’s FLCs by hemopoietic precursors with a high proliferative potential. This fact may be determining one in their

therapeutic effect manifestation.

Key-words: fetal liver cells, cryopreservation, hemopoietic precursors.

Hcnonp3oBanue kinerok eranpHoi medeHn (KDOI)
SIBISICTCS OJHOM M3 TEepamneBTUUECKUX CTPATETH,
HaIpaBJIEHHBIX HA MUHUMH3AINIO Pa3BUTHS MHOTHX
MATOJIOTHYECKUX COCTOSTHUN. DPPEKTUBHOCTH TPAHC-
miantanuu KOIT o0ycnoBieHa npucyTCcTBHEM B HUX
CTBOJIOBBIX KPOBETBOPHBIX 31eMeHTOB [10, 21].
Hcnons3oBanne KOII npy neueHr ayTOUMMYHHBIX
3a00JeBaHMT OCHOBAHO Ha MX CITOCOOHOCTH KOPPETH-
pOBaTh HE TOJIBKO FEMOMO3TUYECKYIO, HO 1 IMMYHO-
KOMIIETEHTHYIO c(epy opranu3ma peuumnuenra [7, 9].
B nocnexgnee Bpemsi ZOCTaTOYHO MHTEHCHBHO H3Y-
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Application of fetal liver cells (FLCs) is one of
therapeutic strategies, directed to minimise the
development of many pathological states. The
efficiency of FLCs transplantation is stipulated by the
presence in them of hemopoietic stem elements [10,
21]. FLCs application for autoimmune disease
treatment is based on their capability to correct not
only hemopoietic, but immune competent sphere of
recipient’s organism as well [7, 9]. Recently of quite
intensive studying are the immunotropic and immu-
noregulatory potentials of hemopoietic precursors of
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YarTCS UMMYHOTPOITHBI U UMMYHOPETYJISATOPHBIN
MTOTEHITUAIBI TEMOTIOATHIECKUX MPEANICCTBEHHUKOB
pa3HOM CTETMEHHU 3PEIOCTH U3 PA3TUYHBIX T€MOIO3TH-
YecKuX ,Iiammapmos” [5, 9, 10, 27]. CnocoOHOCTB
KOIT narnbuposars ”UMMYHHBIE PEaKIIMU B CHCTEMAX
in vivo W in vitro He PeCTPUKTUPOBAHA 10 aHTUTEHAM
[JIABHOT'O KOMIUJIEKCA THCTOCOBMECTUMOCTHU U pealu-
3yeTcs 0e3 MpeBapUTEIILHOTO KOHTAKTa C KIETKAMHU
(TKaHAMY) — MUTIEHSIMH [6].

Cuuraercs, 9To Tako¥ (heHOMEeH 00y CIIOBIIEH ITPO-
nykiueit KOIT 6uonmornvecky akTHBHBIX CyOCTaHIIMN
¢ cynpeccopHoit aktuBHOCTBIO [2, 10]. K dakropam
€CTECTBEHHOM MMMYHHON CYNpECCHH OTHOCSTCS
TpaHchopMHUpYIOLIHiA (hakTop pocTa [3, OKCHT a30Ta,
SPUTPOUJIHBINA CYNPECCOPHBIN (PaKTOp, MpOoCTarIaH-
IUHBL U T. 1. [2, 30, 31, 37]. Knetku, nponyupyromme
9TH (paKkTOPHI, HACHTU(UIUPOBAHBI B TKAHIX TEMOTIOR-
THYIECKOTO ,,ITaIyIapMa’” B3pOCIIbIX TPBI3YHOB [25, 30],
yenoBeka [37], a Takke B medeHu SMOpruoHoB [31].

Kpome toro, kpureprem 000CHOBaHHS IPUMEHEHUS
KJIETOYHO-TKaHEBBIX CyOCTPaTOB TeMOIIOATHIECKOTO
“mrammapma’ I JIedeHus JUCHYHKITMA HMMYHOKOM-
MIETEHTHOM c(hephl ABIACTCS MOTCHIIUATBLHAS BO3MOXK-
HOCTh TPAHCIUIAHTHPYEMBIX CTBOJIOBBIX KPOBETBOP-
vBIX KIIeTOoK (CKK) “pectaBpupoBath”’ HMMYHHYIO
CHUCTEMY PCIMITMCHTA Yepe3 0OHOBIIEHWE COOCTBEH-
HOTO KOMITAPTMEHTa MOAOOHBIX KIeToK [5, 10]. D10
CBOMCTBO MMEET HEMOCPEACTBEHHOE OTHOIICHHE K
KO®II, mockompKy HanOosee MpUMUTHBHBIC TTPEIIISCT-
BEHHUKH TeéMOII033a 0oJiee CKIOHHBI K pealn3ainun
OTNMCAaHHOTrO MoTeHnuaita. Heobxogumo obparuth
BHMMaHHUE Ha TO, uTo naxe cpeau KDII remonosTu-
YeCcKHe MPEeIIIECTBEHHUKH CYIIECTBEHHO MEHSIOT
CBOH CTPYKTYpHO-(DYHKIIMOHAIBHEBIN CTaTyC Ha pas-
JUYHBIX 3Tamax recTalluOHHOro mepuona [24, 27].
Haunbonee norentapivMu npunsito cuutate CKK pan-
HHUX CPOKOB IreCTalny Kak y uenoBeka [19, 21], tak u
y OKCTICPUMEHTAIBHBIX )KUBOTHBIX [ 17, 24].

Kpuobuosornueckne TEXHOJOTUU 3aPEKOMEH-
JIOBaIM ce0s OTHUM W3 BXKHEWIINX KOMIIOHCHTOB
aNTUIMKAIAA KIETOYHOW ¥ TKAaHEBOW TepaIruy B KIIH-
HHUYECKOH MpakTuke. BMecTe ¢ TéeM KpUOKOHCEpPBU-
pOBaHME Kak Croco0 MOoAU(UKAIUUA CTPYKTYpPHO-
(YHKIMOHAJILHOTO CTaTyca OM00OBEKTA, B TOM YHCIIE
K®II, sBasiercst oqHUM U3 CYIIECTBEHHBIX MOMEHTOB
B 9TOM HaIlpaBJIEHUH. B HEKOTOPBIX CiTydasx Tepares-
TH4YeCcKuil 3(P(PEeKT KPHOKOHCEPBUPOBAHHOTO Mare-
puaia mo psjay napamMeTpoB MPEBOCXOIUT TAKOBOM
HaTUBHOTO [7, 8]. Ha 0OCHOBaHWH 3KCTIEpUMEHTAITLHBIX
WCCIIeIOBAHNN, KACAIOIINXCS KPHOKOHCEPBUPOBAHUS
MPOAYKTOB 3MOpPHO(DETOILIAICHTAPHOTO KOMILJIEKCA
(ITDDIIK), 6buTH BBICKA3aHBI IPEAIOIOKEHHSI, KOTO-
pble MOATBEPXKAAIOT €r0 BO3MOXXHOCTh W3MEHSTH
KOMITOHEHTHBIN COCTaB KIIETOYHO-TKaHEBBIX CyOCTpa-
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different maturity degree from various hemopoietic
“base area” [5, 9, 10, 27]. FLCs capability to inhibit in
vivo and in vitro immune responses is not restricted
by antigens of major histocompatibility complex and is
realised with no preliminary contact with target cells
(tissues) [6].

Such a phenomenon is considered as the stipulated
one by FLCs production of biologically active substan-
ces with a suppressive activity [2, 10]. Transforming
growth factor 3, nitric oxide, erythroid suppressive
factor, prostaglandins efc. are referred to the factors
of natural immune suppression [2, 30, 31, 37]. Cells,
producing these factors are identified in tissues of he-
mopoietic “base area” of adult rodents [25, 30], human
[37], as well as embryonic liver [31].

In addition, the criterion for substantiating the
application of cell-tissue substrates of hemopoietic
“base area” to treat dysfunctions of immune competent
sphere is a potential possibility of transplanted hemo-
poietic stem cells (HSCs) to “restore” a recipient’s
immune system by renewing own compartment of simi-
lar cells [5, 10]. This property is of direct relevance to
FLCs, since the most primitive hemopoietic precursors
are more prone to the mentioned potential realisation.
Of note is the fact, that even among FLCs the hemo-
poietic precursors significantly change their structural
and functional status at different stages of gestation
period [24, 27]. HSCs of early gestation terms both in
human [19, 21] and experimental animals [17, 24] are
considered as the most potent ones.

Cryobiological technologies proved their worth as
ones of the most important component in applying cell
and tissue therapy for clinical practice. However the
cryopreservation as the way to modify a structural and
functional status of bioobject, including FLCs, is one
of the important moments in this direction. In some
cases a therapeutic effect of cryopreserved material
exceeds a native one by some parameters [7, 8]. Basing
on the experiments, related to cryopreservation of the
products of embryofetoplacental complex (PEFPC) we
made some suggestions, confirming its capability to
change a component composition of cell-tissue sub-
strates and, in particular, to modify their structural and
functional status [8, 12, 22].

The research was aimed to comparatively estimate
a quantitative composition and functional potential of
HSCs of fetal liver (FL) of different gestation terms
prior to and after cryopreservation.

Materials and methods

Experiments were carried out in 22-24 g CBA/H
mice of 12—14 week age. Mice were decapitated under
light ether narcosis according to the international
principles of the “European Convention for the Protec-
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TOB H, IJIaBHOE, MOJAM(HIINPOBATh UX CTPYKTYPHO-
(hyHKIIMOHANBHEIH cTatyc [§, 12, 22].

Lenrs nccnegoBaHusi — CpaBHUTENbHAS OLIEHKA
KOJIMYECTBEHHOT'O COCTaBAa M (PyHKIIMOHAILHOTO ITOTEH-
nmaia CKK ¢eransnoit neuenu (PI1) pasHbix cpokos
TeCTaIllH JI0 U I0CJIe KPUOKOHCEPBUPOBAHUSI.

Matepnaabl 1 meToAbI

OKCHEepUMEHTHI TTPOBOJMIM HA MBIIIAX JIMHHH
CBA/H 12-14-aenenpHOT0 BO3pacTa Maccoi 22-24 1.
Mpl1ieit feKanuTHPOBAIH MO JIETKUM 3(QHUPHBIM Hap-
KO30M B COOTBETCTBHU C MeXIyHapOAHBIMU MpPHH-
uunamu “EBponeickoii KOHBEHIIMU O 3alUTE O3B0~
HOYHBIX )KHBOTHBIX, UCTIONIB3YEMBIX JIJIsl OKCIICPUMEH-
TalbHBIX M APYTUX HayuyHbIX menei” (CtpacOypr,
1985).

OOBEKTOM HUCCICAOBAHUS CIYKHIN KICTKH (he-
tanpHOU meueHu 15-x (KDII-15) n 18-x (KDII-18) cy-
TOK recTalluu, moixy4yeHHsle Ha cpene 199 ¢ 10%-i
AMOPUOHAILHOM TENITYbEH CHIBOPOTKON U 2%-M IUT-
paToM HaTpHs.

Conepxanue B monmyisiiun KOIT CD34°-, Mac-1" —
n LFA-1"— kneTok onpeaensiu Ha MPOTOYHOM LIUTO-
¢nyopumerpe FACS Calibur (Becton Dickinson,
USA), ucrions3ys anti-mouse — MOHOKJIOHAJTEHBIC aH-
tutena CD34 (PE-konswrorarer; Abcam, CIIA),
Mac-1 (CD11a, FITC-xonbtorarsr; Biolegend, CIIIA)
u LFA-1 (CD11b, FITC-konbtorats; Biolegend,
CIIA). CratucTideckuii yueT JaHHBIX OCYIIeCTBIISA-
JIU ¢ TOMOIIIBIO TporpaMMbl WinMDI 2.8.

Cognepxanue anbha-peronporenna (APII) B
CBIBOPOTKE KPOBH OTIPEEIISIIM UMMYHO()EPMEHTHBIM
MeTooM Ha aHanmu3atope Stat Fax 2100 (USA) ¢ mo-
MoIpi0 Habopa peakTuBoB (pupmbl “IIpoTenHOBBIN
koHTYp” (Cankr-IletepOypr).

Knetku deransHol neueHN KPUOKOHCEPBUPOBAIIH
mof1 3amuToi Kpuornporekropa JIMCO B koHIIEHTpa-
uuu 10% Ha mporpamMmmHOoM 3amopakuBarese YOII-06
(CKTB ¢ OIT UTTKuK HAH YkpauHbI) CO CKOPOCTHIO
1°C/mun 1o —25°C ¢ mocneayomuM norpy;keHueM
00pasIoB B KUIKHHA a30T [8].

O1eHKyY coiep>KaHus KOJOHHEOOPA3yIOIINX €/IH-
uut (KOEc) B ®@IT ocymiecTBisiy in vivo METOAOM
CEJIe3CHOYHOT0 KOJIOHHEOOpa30BaHMsl y JEeTaIbHO
o0xyueHHbIX perunueHToB Ha 8-¢ (KOEc-8) u 12-e
(KOEc-12) cyTku noce TpaHCIDIaHTAIH )KUBOTHBIM
1x10° KOTI/MbIib mo o01ienpuHaToi Mmetoauke [35].
ConepxaHue NpeIecCTBEHHUKOB TPaHyJIOMOHOLU-
toros3a (KOE-I'M) B cucteme in vitro onpenensm
no konndectBy ¢opmupyembix koionuii (KOE) u
kiactepoB (KnOE) B momyxuakom arape [14]. Ux
UACHTUHUKALMIO B HATUBHOM MaTepHale OCyLIecT-
BIISUTM Ha 7-€, B KPUOKOHCEPBUPOBAHHOM — Ha 14-e
CYTKHM KyJIBTHBHPOBAHHUA, MOCKOJIBKY Mpoudepa-
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tion of Vertebrate Animals Used for Experimental and
Other Scientific Purposes” (Strasbourg, 1985).

Fetal liver cells of 15 and 18 gestation days (FLCs-15
and FLCs-18, correspondingly), procured with me-dium
199 with 10% embryonic calf serum and 2% sodium
citrate, served the research object.

Content of CD34*, Mac-1" and LFA-17 cells in
FLCs population was determined with FACS Calibur
flow cytometer (Becton Dickinson, USA) using anti-
mouse MAT (Abcam): CD34 (PE) and Biolegend:
Mac-1 (CDl11a; FITC), LFA-1 (CD11b; FITC). Data
were statistically processed with WinMDI 2.8 software.

Alpha-fetoprotein (AFP) content in blood serum
was determined using immune-enzyme method by
means of Stat Fax 2100 analyser (USA) with reagent
kit of “Protein Contour” Ltd (Russia).

Fetal liver cells were cryopreserved under 10%
DMSO protection with programmed freezer UOP-06
(Special Designing and Technical Bureau with Experi-
mental Unit at the Institute for Problems of Cryobiology
and Cryomedicine) with 1°C/min rate down to —25°C
with following immersion into liquid nitrogen [§].

The content of colony-forming units (CFUs) in FL
was in vivo assessed using the method of spleen
colony-formation in lethally irradiated recipients to the
8™ and 12" days (CFUs-8 and CFUs-12, correspon-
dingly) after transplantation to animals of 1x10° FLCs/
mouse according to the standard technique [35].
Content of granulomonocytopoiesis precursors (CFU-
GM) was determined in vitro by the number of formed
colonies (CFU) and clusters (CIFU) in semisolid agar
[14]. Their identification in native and cryopreserved
materials was realised to the 7" and 14" days, cor-
respondingly, because of a temporary inhibition of CFU-
GM proliferative activity under cryopreservation factor
effect [11]. Preparations were studied under inverted
microscope (*x40).

To assess the distribution peculiarities of hemo-
poietic cells of various differentiation extent [1] there
was introduced the index of proliferative activity (IPA),
representing the ratio of CFUs-12/CFUs-8 or CFU/
CIFU[11].

The results obtained were statistically processed
using the Student’s method with Excel software.

Results and discussion

Studying structural and functional charac-
teristics of FLCs of different gestation terms. Taking
into account the significance of FLCs heterogeneous
composition in manifesting their therapeutic effect [10],
there was recognised an unique role of certain cell
populations, including hepatoblasts, similar to oval cells,
liver hematopoietic stem cells [32]. Studying the FLCs
morphological composition demonstrated the content
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tuBHas akTuBHOCTh KOE-I'M BpemeHHO MHTHOH-
poBaHa 1oz AeicTBreM (PaKTOpOB KPHOKOHCEPBHPO-
Banus [11]. IlpenapaTsl uccienoBaiu moa HUHBEP-
THUPOBaHHBIM MUKPOCKOTIOM (X40).

st orieHKH 0COOEHHOCTEH pacipeaesieHus Kpo-
BETBOPHBIX KJIETOK pa3iuyHON creneHu auddepeH-
IMpOBKH [ 1] ObLT BBEACH MHICKC TpOsMepaTHBHON
aktuBHocTH (UITA), mpexncraBastomuii coboi oT-
svomenue KOEc-12/KOEc-8 nau KOE/KnOE [11].

[lonydeHHbIe NaHHBIE CTATHCTUYECKH oOpaba-
ThIBaJIU 110 MeToxy CThIOEHTa C TPUMEHEHUEM KOM-
neloTepHOi nporpammel MS Excel.

Pe3yAbTatbl M 00Cy)xaeHue

Uzyuenue cmpyxmypHo-yHKYUOHATIbHBLX
xapaxmepucmux K®II paznvix cpokos cecmayuu.
YuuThIBast 3HAYMMOCTb TeTeporeHHoro cocrasa KOIT
B IIpOsIBIICHUH UX JieueOHOTOo dddekra [10], mpu3Hana
YHHUKaJIbHAs POJIb ONPENEIEHHBIX MOMYISALNH KJIETOK,
B TOM 4HucCIle TenaTo0JIacToB, KOTOpPbIE MOJ00HEI
OBAJIBHBIM KJIETKaM, TE€Y€HOYHBIM T'€MOIIOATHYECKUM
cTBOJIOBBIM KiieTKaMm [32]. MccnenoBanue mopdo-
noruueckoro cocraBa KOII mokasano, uro B KOII-15
coaep:kanue HenugppepeHIMPOBaHHBIX 0J1aCTOB COC-
tasisio 8,70 = 1,20%. B K®II-18 stot mokaszarens
CHWXaJycs mouTd B 1,5 paza Ha (oHe yBenmnueHUs
colep>kaHus 3penbix GopM (Tabn. 1). OTu gaHHBIE
COBIAJAIOT C pE3yabTaTaMU IPYTHX aBTOPOB O MAKCH-
MaJTbHOM COJIep KaHuH rernarodnactoB B OI1 meimeit
¢ 12—-13-x mo 15—16-¢ cyTku recTaruu u JaabHEHTIIEM
CHI)KEHHH MX KOHIIEHTPAllUU U FeMOMO3THYECKOTO
noteHnuana [29].

W3BecTHO, YTO KPOBETBOPHBIE MPEANIECTBEHHIKH
K®II mpu yBeanyeHUn CpOKOB IreCTallMd U3MEHSIOT
cBOU (peHOTUITHUECKUE XaPAKTEPUCTUKHU U QYHKIINO-
HanbHBIN cTaTyc [21, 24]. ®akTHUYECKH 3TO MpPOHUC-
xonut nipu nuddepenmuporke CKK OII. Jlns naen-
tupukanun cpenu KOII KpoBETBOPHBIX MpeIIecT-

of non-differentiated blasts in FLCs-15 to make
8.70 + 1.20%. This index in FLCs-18 reduced almost
in 1.5 times at the background of increased content of
mature forms (Table 1). These data coincide with the
results of other authors about the maximum hepatoblast
content in murine FL since the 12-13™ to 15-16"
gestation days and further decrease in their concentra-
tion and hemopoietic potential [29].

FLCs hemopoietic precursors under gestation term
rise are known as changing their phenotypic charac-
teristics and functional status [21, 24]. Actually this
occurs during fetal liver HSCs differentiation. In order
to identify hemopoietic precursors among FLCs there
are used different markers, namely CD34, Mac-1,
Sca-1, Thy-1, CD117 etc. Their expression degree ei-
ther as independent tracer, or combined with other
membrane structures, characterises the level of precur-
sor functional potential (differentiation degree) [24].
For example, with HSCs differentiation there is a
decrease in expression degree of CD34 marker [19].

The research performed demonstrated almost twi-
ce decrease of CD34" cell content in FL under gesta-
tion termrise (Fig. 1), that corresponded to the notions
about the fact that in total HSCs compartment the ratio
of pool of slightly differentiated cells with a high
proliferative potential and those, advanced in differen-
tiation, changed with gestation term increase [19].

The obtained results of comparative estimation of
CD34" cells and AFP quantitative content in mice of
different gestation term demonstrated a high match of
their change dynamics since 15" to 18" days (Fig. 1).
In spite of the fact, that AFP concentration within this
period reduced more intensively (in 5 times), the com-
mon tendency of changes in both indices might testify
to the interdependence of AFP production and multi-
potent precursor content in embryogenesis.

Of'known is the AFP regulatory role as for immune
system, consisting in activation of immune suppressive

Taéauna 1. Mopdomormaeckuii coctap KOIT-15 n KOII-18
Table 1. FLCs-15 and FLCs-18 morphological composition

Mopdonoruuecknii cocranKOTT
FLC morphological composition

CpoKku recrarnuu
K®IT, cyTku BaacThr
FLC gestation Blasts Mera- I'panyno- Aumdo- T'enaTo-
terms, days MUEAOI[ATHL LIUTHL MoHOoIUTEL LUTHI LUTHI
Meta- Granulo- Monocytes Lympho- Hepato-
Heaud. OpwuTtpo- Hopwmo- Mueno- myelocytes cytes cytes cytes
Non-dif. Erythro- Normo- Myelo-
15 8,7%1,2 29,0+2,8 46,30+3,02 2,8+0,80 1,90=0,80 1,10+0,25 2,0+0,4 1,20=+0,01 7,30%+0,50
18 6,10=+=0,33* 10,1+0,5 46,80+2,45 | 12,80=+0,64* 1,00==0,01 3,40%0,20* - 3,40+0,20* 18,50+0,94

IMpumeuanue: * — nocrosepusie pasnuuus (P < 0,05) npu cpasuenun ¢ KOII-15; Henud. — nenuddepennupoBanusbie.
Notes: * — statistically significant differences (P < 0.05) compared to FLCs-15; Non-dif. — nondifferentiated.
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Puc. 1. Conepxanne CD34"-xnetok (a) 1 ADII (6) Ha pa3HBIX CTaAUAX T€CTallMOHHOTO IIEPHOJIA.
Fig. 1. CD34" cells (a) and AFP (b) content at various gestation stages.

BEHHHKOB HCIIONIB3YIOT Pa3INYHbIC MapKePhl, 2 UMEHHO
CD34, Mac-1, Sca-1, Thy-1, CD117 u T. n. Crenenn
UX DKCIPECCHU MO0 KaK CaMOCTOATEIHLHOTO CBH-
JeTest, 1100 B COUETaHUH C IPYTHUMHU MEMOPaHHBIMH
CTPYKTYpaMH XapaKkTepu3yeT YPOBeHb (YHKIIUOHAIb-
HOTO TOTEHI[Mala MPeIIeCTBEHHUKOB (CTENeHb
muddepenupoBkn) [24]. Hampumep, o mepe nudde-
pennupoBkn CKK cHmkaercs creneHb SKCIPECCHU
CD34-mapkepa [19].

[IpoBeneHHbIe HICCIEAOBAHUSA TTPOAEMOHCTPUPO-
BaJU MOYTH JBYKPaTHOE CHM)XEHHUE COAEpH aHUA
CD34"-knerok B @I npu yBennueHnu cpoka recTaliiu
(puc. 1). OTO COOTBETCTBYET MPEACTABIEHHIM O TOM,
yT0 B 0011eM kommnaptmerte CKK cooTHomenue myna
ManoauddepeHIUPOBaHHBIX, 00J1aTAIOIIIX BEICOKUM
poaUQepaTUBHBIM TOTEHIUAIOM, 1 KJIETOK, IPO/IBU-
HYTHIX B A QepeHIupoBKe, H3MEHSETCS IPH YBEIIU-
YeHUH CpoKa rectamnud [19].

[TomyueHHBbIE pe3ynbTaThl CPABHUTEIBHOM OLIEHKH
KoJnuecTBeHHOTO coaepkanust CD34 -knerok u ADIT
y MBIIIEH Pa3HOTO CPOKa TeCTAllMU MOKa3alu BBICO-
KYIO CTENIEHb COBIAJICHUS TMHAMUKHN UX N3MEHEHHUS C
15-x mo 18-e cytku (puc. 1). Hecmotps Ha TO, 4TO KOH-
ueHtpanus ADII B 3T0T mepuon cHukajach Oonee
WHTEHCHUBHO (B 5 pa3), 00Ias TeHIeHI1s N3MEHEHUS
000onX moKa3zaTesell MOXKeT CBHIETEIbCTBOBATH O
B3aUMO00ycIoBIeHHOCTH ponyKiuu ADII u conmep-
KaHHUS MYJBTUNOTEHTHBIX MPEAIIECTBEHHUKOB B
aMOpuHoTeHese.

N3BecTtHa perynaropHas poib ADII B oTHOIIEHUN
MMMYHHOH CHCTEMBI, 3aKJIIOYAIOIIAsICs B aKTUBALIUU
CYNPECCOPHOT0 3BE€Ha UMMYHHUTETa U WHTHOMLIHNH
¢ynkmun T-addexropos [13, 16]. Hamu nanusie un
pe3yabTarsl Ipyrux aBropos [18, 20, 23] moaTBepx-
JIaf0T, 4TO 3TOT OEJIOK Y4acTBYET B MOJACPKaHUH Te-
Momno33a B @I u npesxae Bcero B odecreueHun QpyHK-
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link and T-effector function inhibition [13, 16]. Our
data and results of other authors [18, 20, 23] confirm
this protein participation in maintaining FL. homeostasis
and, mainly, in providing HSCs functional status.

Wide spectrum of FLCs biological activity is realised
at the level of a direct intercellular cooperation or dis-
tant mediator interactions with participation of different
adhesive molecules: Mac-1, LFA-1,ICAM-1, VCAM,
L-selectin, VLA-4, VLA-5 etc. [36]. These molecules
are identified and characterised as the structures, invol-
ved in regulating functional state primarily of leuko-
cytes. Further, adhesive molecules of immunoglobulin
family and production of chemokine series were shown
as being inherent to many cells and participating in
migration and settlement of stem cells in bone mar-
row microenvironment as well. In particular, Mac-1
as heterodimers of CD11b and CD18, is the member
of integrin family. CD11b and CD18 represent adhesive
molecules, playing an important role in multipotent
HSCs interaction with bone marrow stroma [22, 28,
36]. One believes, that differences in Mac-1 expression
on HSCs of adult BM and FL are related to a change
in the spectrum of microenvironment signals [22, 24].
Mac-1" hemopoietic precursors are assumed to be the
most prone to proliferation, meanwhile their resting state
is provided when this marker is absent [24]. With HSCs
differentiation there is an increase in cell number and
expression extent of adhesive molecules on their
surface, including Mac-1 structure. Our own data, testi-
fying to the fact, that the number of Mac-1* cells in
FL really augmented in 2.2 times with gestation term
rise since 15" to 18" days, corresponded to this concept
completely (Fig. 2).

The process of FLCs precursor progress from less
to more differentiated ones during gestation term
prolongation is confirmed by an increased concentration
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nuoHansHOTO cTatyca CKK.

Iupokuii criekTp OMOTOTHYECKOW aKTHBHOCTH
KO®II peanusyercs Ha ypOBHE HENOCPEICTBEHHOU
MEKKJIETOUHON KOONEpallud WIM AUCTaHTHBIX Me-
JIUATOPHBIX B3aNMOZCHCTBUMN C y9aCcTHEM Pa3IHIHBIX
Moekyn aare3uu: Mac-1, LFA-1, ICAM-1, VCAM,
L-cenextun, VLA-4, VLA-5 u ap. [36]. OTu momne-
KyJIbl HICHTU()UIUPOBAHBI U OXapaKTEePU30BaHbI KaK
CTPYKTYpHI, 33IeHCTBOBAHHBIE B PETYIISIINHU (PYHKITHO-
HaJIBHOTO COCTOSIHHSA, B IIEPBYIO OYEPEIb JTEUKOIIUTOB.
B nanpHeiimeM ObUTO MOKa3aHO, YTO MOJIEKYJIBI af-
re3uH CeMeHCTBa MIMMYHOTIIOOYIMHOB M MIPOXYKIIHS
pAaa XeMOKHHOB IIPUCYIIIA MHOTHIM KJIETKaM U y4acT-
BYIOT TaKK€ B MUTPAIN U PACCEIEHUH CTBOJIOBBIX
KJIETOK B KOCTHOMO3TOBOM MHUKPOOKpPYKeHHUH. B gacT-
HocTH, Mac-1 B Buge rerepoaumepos CD11bu CD18
ABIISIETCS] WICHOM cemeiicTBa uHTerpuHoB. CD11b n
CD18 mpenctaBiagioT cob0i MOJEKYJbl aATe3wH,
KOTOpBIE UTPAIOT BaXKHYIO POJIb BO B3aUMOAECHCTBUU
MynsTUNIoTeHTHEIX CKK co cTpomoii kocTHOTO MO3ra
(KM) [22, 28, 36]. CymiecTByeT MHEHHE, UTO PA3THIHS
B akcnpeccuu Mac-1 ma CKK B3pocioro KM u @I
CBA3aHbl C U3MEHEHHEM CIIEKTPAa CUTHAJIOB MHKpPO-
OoKpy>keHus [22, 24]. Ilpennonaraercs, yto Mac-1"—
KpPOBETBOPHBIE PEAIIIECTBEHHUKH B OOJIBIIEH CTETICHN
CKIIOHHBI K TpoJudepary, Torna Kak OTCyTCTBHE
3TOr0 Mapkepa 00ecleuynuBaeT COCTOSHUE MX MOKOS
[24]. [To mepe muddepentmpokr CKK yBenmuurBaeT-
CSl KOJIMYECTBO KIIETOK M MOBBIMIAETCS CTENEHb IKC-
MIPECCHU MOJIEKYJ aAre3WH Ha MX MOBEPXHOCTH,
BKJItouas Mac-1 — ctpykrypy. B moiaHoM coorBeTrcTBHn
C JaHHOM KOHLENINEH HaXOIATCs MOJIyYeHHbIE HAMU
JaHHbBIE, KOTOPBIE CBUAETEIHCTBYIOT, UYTO KOJIMYECTBO
Mac-1* — knerok B @II 1eficTBUTEIBHO ITOBLIIIAIOCEH
IIpU YBEJIMUEHUU CPOKOB rectamuu ¢ 15-x mo 18-e
CYTKH B 2,2 pa3za (puc. 2).

IIpouecc npoasukenus npeamecTBeHHUKOB KOIT
oT MeHee K Ooee nquddepeHInPOBAaHHBIM TIPH TPO-
JIOHTAIIM CpOKa IeCTally MOATBEPIKIAETCSI M YBEIH-
yeHueM KoHIeHTpauun cpeau Hux LFA-1" — knertoxk.
KpaTtHOocTh yBenmuuyeHus ux coaep)kanus ObLia MpH-
MepHO B 1,5 paza MeHbpmied, ueM Mac-1" — KJIeToK,
TEM He MeHee OHa ObLTa 0YeBUIHOM (puc. 2). U3BecT-
Ho, uTo LFA-1 — numdonurapuslii yHKIHOHATIBHO-
ACCOLIMUPOBAHHBIN aHTUTEH — SKCIIPECCUPYETCS U Ha
CKK [33, 34]. lIupoTa ero (GyHKITMOHATHLHOTO TIOTEH-
[yajia J0CTaTOYHO BEIHKa, HO KIIF0UEBAasl POJIb — IPH-
nanne CKK (mo mepe co3peBaHUs) CIIOCOOHOCTH
B3aMMO/JIEIICTBOBATD C YHAOTENATHHBIMU KIETKAMHU
MUKDPOCOCY/IOB H (OPMHUPOBATh TaK Ha3BIBAEMYIO
“MUTpaALMOHHYIO IOy’ AJI BBIXO/a U3 HUIIIM KPOBE-
TBOPHOT'O MUKPOOKpY>keHus [26]. [ToaTomy ornyHO
CUNTaTh, YTO yBeIWUYeHUE KOHIeHTpamuu LFA-17—
K®II ¢ 15-x 1o 18-¢ cyTku (puc. 2) oTpakaeT U TuHa-
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Puc. 2. Conepxanne CD34"-(1), Mac-1"—(2) u LFA1"-(3)
kieTok B DII B 3aBUCHMOCTH OT CpOKa recTaluu.

Fig. 2. Content of CD34" (1), Mac-1" (2) and LFA-1* (3) cells
in FL depending on gestation term.

of LFA-1" cells among them. Magnification ratio of
their content was 1.5 times lower than Mac-1" cells,
but evident (Fig. 2). The LFA-1, a lymphocytic functio-
nally associated antigen is known as expressed on
HSCs as well [33, 34]. The spread of its functional
potential is quite a large, but the key role consists in
making HSCs (with maturation) capable for interaction
with endothelial cells of microvessels and forming so-
called “migration pore” to release from a niche of
hemopoietic microenvironment [26]. Therefore it is rea-
sonable to believe, that an increase in LFA-17 FLC
content within the 15" to 18" days (Fig. 2) reflects the
dynamics of change in LFA-1" hemopoietic precursor
content among them. So, by the results of assessment
of FLCs phenotypic characteristics of selected gesta-
tion terms, the concentration of more potent hemo-
poietic precursors was established to be higher in
FLCs-15. This correlated with the data of other authors
[24], which demonstrated a sharp decrease in the con-
centration of hemopoietic multipotent precursors with
a long-term potential of self-maintaining (LT-HSC)
after 15™ gestation day in FL.

This fact was confirmed when evaluating the func-
tional status of FL hemopoietic precursors of different
differentiation rate. Fig. 3 shows that FLCs did not
possess a high colony forming activity in vivo indepen-
dently on gestation term. However, a distinct redist-
ribution of subpopulation composition of precursors
when increasing the gestation term with a decrease in
more potent CFUs-12 content, was traced. If com-
paring this result with FLCs phenotypic characteristics
(see Fig. 2) we may note, that the similar dynamics
was only in a change of CD34" cell content. At this
background there was an increase in the content of
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MHUKY M3MEHEHHUS COJAEPKAHUS CPEeIM HUX ¥

LFA-1" — KpOBETBOPHBIX MPENIIECTBEHHH- "é’ % T *g
KoB. UTak, o pesyinsraram OoleHKH peHo- . o 2,5 - L T2 g ;
TUNHYecKux xapakrepuctuk KOII BeiOpan- = % 11 58
HBIX CPOKOB T'€CTAIlMH YCTAHOBJIICHO, YTO 28 2 I s
KOHIIGHTpAIHs Goyee MOTEHTHBIX KpoBe- T2 los N Bt
TBOPHBIX MPEIIIECTBEHHUKOB ObUIA BBIIIE 3 % 15 4 T \ t , 2 ;
B KOII-15. D10 cornacyercsi ¢ JaHHBIMU 3% 'S 106 §6
JPYTUX aBTOPOB [24], KOTOpbIC TMOKA3alH, & - 1 ] gE
at0 nocsie 15-x cyTok recrarum B ®Ipesko 3 é T04 £
CHIDKaeTCs KOHLEHTPALUsl KPOBETBOPHBIX % 8 05 | = S
MYIbTHIOTCHTHBIX MPEAMICCTBCHHUKOB ¢ X4 +02 =%
JUTUTENBHBIM MOTEHIMATIOM CaMOTIOANEP- (5 =

JanHbI# QaKT HaIes CBOE MOATBEPKe- FLCs-15 FLCs-18

HUE [P OLIEHKE (PYHKIIMOHAIBHOTO CTaTyca
KpPOBETBOPHBIX MpeaiecTBeHHUKOB DI
pasHoro ypoBHA auddepenmuposku. U3
puc. 3 cnenyert, uro KOII He 061ananu BEI-
COKOM KOJIOHHe0Opa3yolieil aKTHBHOCTBIO
B CHUCTEME in Vivo HE3aBUCHUMO OT CPOKa IeCTaluu.
OnHako IpoCIeKUBAIOCH YETKOE NIEpepacpeaeIcHue
CyOnOnyJISIIMOHHOTO COCTaBa MPEALIECTBEHHUKOB IPH
YBEITMYEHNH CPOKA TECTALIUH CO CHIKEHUEM COZIepKa-
Hus 6onee noteHTHBIX KOEc-12. ConmocraBmuss 3TOT
pe3ynbTar ¢ (PEHOTHNUYECKUMH XapaKTePUCTUKAMH
K®IT (cm. puc. 2), MOXKHO 3aMETUTh, YTO TAKYIO Ke
OWHAMUKY HWMEJO JHUIIb U3MEHEHHE COAepKaHUs
CD34*-knerok. Ha 3ToM (hoHE yBEeTMIMBAIOCH COMIEP-
xanue Oonee nuddepenunpoBanabix KOEc-8 , uro
COBIIaJIaJI0 C MOBBIIEHHEM KoHueHTpanuu B KOII
Mac-17 — u LFA-1" — xiterox u cHmkenuem UIIA.
[Tomo6HOE M3MEHEHNE TPOCIEKUBATIOCH TP OLIEHKE
in vitro cofep>xanusi 00pa3yIoIuX KOJIOHHU B arape
KOE-I'M, eme 6onee nuddepeHInpoBaHHbIX, YeM
KOEc-8 — KpoBETBOPHBIX NMPEANIECTBEHHUKOB
(puc. 4). K 18-M cyTkam H0CTOBEPHO CHHKAIACh KOH-
ueHtpanust 6onee nmotentHor cyonomysiunn KOE.
Copnepxanune muddepennupoBanabix KitOE n3mens-
JI0OCh HETOCTOBEPHO.

Urak, namMeHenne QeHOTHITUIECKUX U (QyHKIHO-
HajbHBIX XapakrepucTuk KO®II mo mepe yBennueHus
CpOKa recTanuy o4eBUAHO. Bo3HMKaeT Bonpoc: BiIH-
AIOT JIM TaKOTO pOJa W3MEHEHHS Ha YCTOWYMBOCTH
KO®II k axropam KpHOKOHCEpBHPOBaHUS, OTBET Ha
KOTOPBIH MPEICTaBIEH HUXKE.

Oyenxa xapaxmepa 6auUsHUA (YAKMOPO8 KPUO-
koncepsupoeanus na K®II pasuvix cpokos zec-
mayuu. Pe3ynpTaThl JAHHOTO MCCIEAOBAHUA TOJ-
TBEPKJAIOT OCHOBHBIC MOCTYNAThl KPHOOMOIOTHH:
XapakTep M CTENEeHb BIUSHUS (PU3UKO-XUMHUECKUX
(hakTOpOB, peamu3zyeMbIX B IpOIlecce KPUOKOHCEP-
BHPOBAHWUS, ONPEAEIAIOTCA UCXOAHBIM COCTOSHUEM
ouooOwekTa [4, 15].
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Puc. 3. Kononneobpasyromuii norenunan KOEc ¢eranbHoil neuenn
pasHbIx cpokoB recrannu. 0—KOEc-8; @—KOEc-12; - UIIA.

Fig. 3. Colony forming potential of fetal liver CFUs of different gestation
terms. (0— CFUs-8; @—CFUs-12; - IPA.

more differentiated CFUs-8, coinciding with augmen-
tation of Mac-1" and LFA-1* cell concentration in
FLCs as well as the IPA reduction. The same change
was traced when assessing in vitro the content of
CFU-GM, forming the colonies in agar, much more
differentiated, than CFUs-8 of hemopoietic precursors
(Fig. 4). To the 18" day there was a statistically
significant decrease in the concentration of more potent
CFU subpopulation. Change in the content of differen-
tiated CIFU was not statistically significant.

Thus, a change in phenotypic and functional
characteristics of FLCs with gestation term rise is evi-
dent. The question about the fact whether such changes
affect the FL.Cs resistance to cryopreservation factors,
is answered below.

Assessment of effect character of cryo-
preservation factors on FLCs of different gestation
terms. The results of the study confirm the main
cryobiological postulates: the character and degree of
the effect of physical and chemical factors, realised
during cryopreservation, are determined by the initial
state of the biological object [4, 15].

Really, a morphological composition of FLCs of
different gestation terms, having the certain differences
before cryotreatment, was much more manifested after
cryopreservation (Table 2). In particular, if the change
in a number of non-differentiated blasts in cryopreser-
ved FLCs-15 (cFLCs-15) was insignificant, it increased
by 26% in cFLCs-15. More manifested changes in
content of myeloblasts, lymphocytes, mature hepato-
cytes etc. in cFLCs-18 are also evident. Considerable
differences were traced when evaluating the integrity
and number of nucleated cells after FLCs cryopreserva-
tion (Fig. 5). These indices for cFLCs-15 reduced not
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Ta6auua 2. Mopdonoruyeckuii cocras KOI1-15 n KOTI-18 1o 1 nocie KppokoHCEpBUPOBAHUS
Table 2. Morphological composition of FLCs-15 and FLCs-18 prior to and after cryopreservation

Mopdonrornuecknii cocraB KOTT
FLC morphological composition
Kaerku
(heTarpHOM Baacter
TeyeHn Blasts Merta- TI'panmyno- Mosno- Aumdo- T'enmaro-
Fetal liver cells MHUEAOLIUTHI IUATHL IUTH ITATHI TUTBL
Meta- Granulo- Mono- Lympho- Hepato-
Heaud. Opurpo- Hopwo- Mueno- myelocytes cytes cytes cytes cytes
Non-dif. Erythro- Normo- Myelo-
KI1®-15
FLCs-15
HaNT;It]ia\}/gﬂe 8,70+1,20 29,00+=2,80 | 46,30=+3,02 2,80=+0,80 1,90=+0,80 1,10%0,25 2,00+0,40 1,20+0,40 7,30=0,50
Kpuokoncep —
BUPOBAHHbBIE 10,5+1,2 28,0%=2,0 57,20=+4,30* 1,20=+0,01 — — 1,20=+0,01 2,20=0,40* -
Cryopreserved
KI1®-18
FLCs-18
HaNTgifé’Ie 6,10+0,33 | 10,10%0,50 | 46,80+2,45 | 12,80=064 | 1,00=001 | 3,400,20 - 3,40%0,20 | 18,50%0,94
Kpuokoncep —
BUPOBaHHBIE 7,70+=0,40%* | 11,70+=0,64* | 46,50+2,23* | 4,50=0,22** — 2,20=+0,13* - 1570+084*# | 9,80+0,51*
Cryopreserved

Ipumeuanne: * — nocrosepusie pasnuuns (P<0,05) mexxay rpynnamu: HatuBabele KOII-15 ¢ kpukoncepsupoBanubiMu KOIT-15 miu
naruBHbie KOII-18 ¢ kprokoncepsupoBauubiMu KOII-18; * — kprokoncepsupoBanubie KOII-15 ¢ kprokoncepBupoBanubiMi KOIT-18;
Henud. — vHenuddeperunpoBaHHbie.

Notes: * — statistically significant differences (P<0.05) between groups: *—is nFLCs-15 with ¢cFLCs-15 or nFLCs-18 with cFLCs-18;
Non-dif. — nondifferentiated.

HeiictButensHo, Mopdonornueckuit cocraB KOII  more than by 10%, by emphasising the “optimal” way
Pa3HBIX CPOKOB IeCTaluy, UMes onpenenennbie oTi-  of selected cryopreservation regimen. This regimen
qust 10 KpuooOpaboTKH, enie B OoJbiei crenenn Ma- — was less “comfortable” for FLCs-18, when the number
HudecTupoBajca nocie KpuokoHcepsupoBanus of integral and nucleated cells was at the level not
(tabn. 2). B wactHOCTH, ecnu konuuecTBO Henudde-  higher than 55-65% of the control.

PEHIIMPOBAHHBIX OJIACTOB B KPUOKOHCEP-
BupoBaHHbIX KDII-15 (kKDII-15) nuzmens-

JIOCh HECYIIECTBEHHO, TO B KKDII-18 noBsI- £ 200 1
majoch Ha 26%. OueBUaHBI TaKXe OoJiee o 3 180 4 T
BhIpaKeHHbIC n3MeHeHns B KKDII-18 comep-  *_2 440 L q%
KaHUs MUETI001acTOB, TUM(OLUTOB, 3pebIX T & o2
g2 140 4 s
TEeNAaTOLMTOB U T. . 3HAYUTENIBHBIC PA3ih- @ Sss
o= A
4us TIPOCIIEKUBATUCE NIPU OlleHKe coxpaH- & § 120 - e
(0]
HOCTH M KOIHMYECTBA AAPOCOACPKAIMMX < @ 100 - 1os 35
KJIETOK TI0CIIE KPHOKOHCepBUpoBanus KOIT = ® T
w. 80 - w O
(puc. 5). Otu mokasarenu jis kKOII-15 2§ T~ 95
cHWKaIHCh He Gonee ueM Ha 10%, moguep- o5 60 1 <k
o cC=Z
KUBas “ONTUMAabHOCTH BBIOPAHHOTO pe- §§ 40 - S
’KHMa KPHOKOHCepBUPOBaHUs. Menee “koM- 29 54 | o
dopTHBIM” 3TOT pexuM 6bn aia KOII-18, 57 0 0
[P KOTOPOM KONHYECTBO COXPAHHBIX | -  © © '
Kori-15 K®ri-18

pocoaepxKammunx KJIeTOK OBIJIO Ha yPOBHE HE FLCs-15 FLCs-18

BBIIIE 55-05% OT KOHTPOIS. Puc. 4. Komonneo6pasyrommii norenman KOE-I'M ¢eransHoit neuenn
HccnenoBanue GeHOTUIMYECKUX MAPKe-  pa3HbIX cpokos rectaruu: (01— KnOE; @— KOE; 00— UIIA.

POB TaKKC IOKa3ajgo, 9T0 OJMH U TOT ke  Fig. 4. Colony forming potential of fetal liver CFU-GM of different

PEeKUM KPHOKOHCEPBUPOBAHHS T0-pasHomy  gestation terms: [0— CIFU; @—CFU; O- IPA.
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Puc. 5. KomuectBo coxpanHbix (1) u sapocomepxantux (2)
KJIETOK B KpHOKOHcepBupoBaHHOW PII pasHbIX CpoKOB
rectaiuu (3a 100% TpUHATO MX KOJIMYECTBO B HATUBHOM
Marepualle KaKI0ro CpoKa recTallii COOTBETCTBEHHO).

Fig. 5. Number of integral (1) and nucleated (2) cells in
cryopreserved FL of different gestation terms (for 100% we
assumed their number in native material of each gestation
term, correspondingly).

BJIMSUT HAa COAEPIKaHUE “‘KIIETOK-KaHAUIATOBR” B KPOBE-
TBOpHBIE npexamecTBeHHUKU cpeau KOII pasubix
cpokoB recranuu (puc. 6). Tak, B KKDII-15 mokaza-
tenb comepxanus CD34*-kneTok ITOCTOBEPHO HE
OTIHYaJICs OT HaTUBHOro KOHTposs. B kK®II-18
conepxxkanue CD34"-kneTok yBenuuusagoch Ha 16%,
YTO COIIACYETCS CO CXOKUM YBEITMUEHHEM CyOrory-
nsnuu HeauddepeHnupoBaHHbIX OmacToB. Takoe
MOBBIILIEHHE BIIOJTHE MOKET OBITH O0YCIIOBIEHO OTHO-
CUTENBHBIM UX YBEJIMYEeHHEM Ha (OHE MOYTH IBY-
KpaTHOTO CHUXKEHHS KOJMYECTBA AIPOCOMIEPIKAIIIX
KJIETOK: MUEI00JIaCTOB, METaMHUEIOIUTOB, TPAHYJIIO-
LIUTOB W TemaTonuToB (Tabiu. 2). Henp3s Takxke HCK-
JIFOYUTH TOTO, YTO OTHOCUTENBHOE YBEINYEHUE COAEP-
xanust CD34-xnetoxk B kKK®II-18 cBa3ano ¢ cenek-
THUBHBIM TTOBBIIIEHUEM KOHIEHTPALUU JTUM(OIUTOB,
MOP(OJIOTHIO KOTOPBIX ACCOLMHUPYIOT C ONpeneseH-
HBIMU CYOHONYNALUSAMH KPOBETBOPHBIX MPEIIIECT-
BEHHHKOB [3].

ITokazarenu comepkanmst Mac-1" — u LFA-1* —
kietok B KKOII-18, B ommmuune ot kKOII-15 (puc. 6),
YBEJIMUYUBAINCH, IPEBOCXO KOHTPOIb B 2,5-3 paza.
BaxxHo 3aMeTHTh, 4TO OO0Jiee BhIpaKEHHOE MOBHIIIIe-
Hue KoHIMeHTparmuu Mac-1" — u LFA-1" — ximetok
npoucxoauio B Tod PII, koTopas yxe B HATUBHOM
BHJIE cOIEpKalla X 3HAYUTENbHO OONbIlE, T. €. B
K®II-18 (cm. puc. 2). D10 yBenudeHHe SIBHO HE
COM3MEPHMO C TIepepacnpeeieHueM KIETOK 3a CUeT
rubeny sAepHbIX dneMeHToB. [lo-Bugumomy, B OI1
18-X cyTOK recraniuy NpUCyTCTBYIOT KIETKH, “TIpeNi-
pacrionokeHHbIe” K aKTUBAIH SKCIIPECCHN ATUX Map-
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Puc. 6. Conepxarne CD34*- (1), Mac-1"— (2) u LFA-1"—(3)
KJIETOK B KpHOKOHcepBupoBaHHOU PII B 3aBUCMMOCTH OT
cpoka recranuu (3a 100% mpuHATO UX KOJIUYECTBO B
HAaTHUBHOM MaTepuaie KaxKJoro CpoKa reCTallid COOTBET-
CTBEHHO).

Fig. 6. Content of CD34" (1), Mac-1" (2) LFA-17 (3) cells in
cryopreserved FL depending on gestation term (for 100%
we assumed their number in native material of each gestation
term, correspondingly).

Study of phenotypic markers also demonstrated the
fact, that the same cryopreservation regimen differently
affected the content of cells being a “candidates” for
hemopoietic precursors among FLCs of different
gestation terms (Fig. 6). So, the index of CD34" cell
content in cFLCs-15 did not statistically and signifi-
cantly differ from the native control. The content of
CD34* cells in ¢cFLCs-18 augmented by 16%, that
correlated to the similar increase in subpopulation of
non-differentiated blasts. Such an increase may be fully
stipulated by their relative augmentation at the
background of almost twice decrease in a number of
nucleated cells: myeloblasts, metamyelocytes, granulo-
cytes and hepatocytes) (Table 2). We can not also
exclude the fact, that a relative rise of CD34" cell
content in cFLCs-18 is related to a selective augmen-
tation of lymphocyte concentration, which morphology
is associated to the certain subpopulations of hemo-
poietic precursors [3].

Indices of Mac-1* and LFA-1" cell content in
cFLCs-18, in contrast to cFLCs-15, were augmented,
exceeding the control by 2.5-3 times. Of importance
is to note the fact, that more manifested increase in
Mac-1" and LFA-1" cell content occurs in that FL,
which even in native state comprised them in much
higher quantity, i. e. in FLCs-18 (see Fig. 2). This
augmentation is not clearly comparable with cell content
redistribution due to death of nucleated elements. Fetal
liver of 18 gestation days appear to comprise the cells,
being “liable” for undergoing the activation of the
expression of these markers under the effect of
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KEpOB IO/ JIeHCTBHEM (paKTOPOB KPHOKOHCEPBHPOBA-
HUS. BeposTHOCTP peann3aui TaKoro MpeaoIoxKe-
HUsl 0a3supyeTcs Ha KOHLEMNLIHH O BO3MOXHOCTH
peBepTauuu nof AeicTBreM (HaKTOPOB KPHOKOHCEP-
BUpoBaHus QyHKIMoHaIEHOTO oTeHIrana KOIT no3n-
HUX CPOKOB T'€CTAIlMH IO YPOBH:I 00JIee paHHUX CPOKOB.
YuuteiBas Takke (QakT dKCOPECCUH yKa3aHHBIX
MapkepoB Ha onpeeneHHbIx popmax CKK, BozHHKaeT
BOIPOC, HE COMPOBOXKJIAETCS JIM TAKOE MOBHIIICHNE
koHIeHTpanun Mac-1" — (kak u LFA-1" —) xmerox
nociie KPHOKOHCEPBUPOBAaHHUS 0OOraleHneM oomei
nonynaunu KOII-18 kpoBeTBOpHBIMU NPEIIECTBEH-
Hukamu. [IpencraBineHHsie HAa pUC. 7 U 8 pe3yabTaThl
HE JAl0T, OJHAKO, OJHO3HAYHOTO OTBETAa Ha JTOT
Borpoc. Tak, mocie KpuOKOHCEpBUPOBaHHS HAOMI01a-
JIOCh CHWKEHUE MHTETPAIbHOTO MMOTEHIIMANIa KOJIOHUE-
obpazoanus KOII-15, T. e. u KOEc, u KOE-I'M. I1pu
3TOM CTETeHb CHH)XEHHSI IPIMEPHO B PaBHOU Mepe
COZlepXkaHUs MPEAIIECTBEHHUKOB Pa3HOTO yPOBHS
T hepeHIMPOBKH ITPEBOCXOMIIA [TOKA3ATENH CHIKE-
Hus coxpanHocTd K®@IT atoro cpoka recrauuu. bonee
TOTO, OHA HE COBIAJlaja M CO CTENEHBIO CHIDKEHUS
cogepxxanusi CD34"-kneTok (cM. puc. 5).
Heckonbko nHasg xapTuHa HaOdronajgach mocie
kpuokoHcepsupoBaHus KOII-18. B gannom cirydae
MIPOCIIEKMUBAIOCH YETKOE TIepepacpeaesieHre cyoro-
OyJasIuid npeamecTBeHHUKOB. Ha ¢oHe cHmxeHus
koJoHueoOpa3ytomieii aktuBHOCTH KOEc-8 1 KOE-IM
noBeimanock cogepxxkanne KOEc-12, koTtopoe B
MIPOLIEHTHOM BBIPQKEHUHU COBIAAAJIO C TIOBBIIIIEHHEM
KOHIIEHTpanuu Ttoiibko CD34*-) HO He
Mac-1*"— u LFA-1"— xnetok (puc. 6-8).
OTH pe3ynbTaThl CBUIETENBCTBYIOT O
TOM, YTO KPMOKOHCEPBUPOBAaHUE HHIYILIH-
pyert akcipeccuio cTpykTyp Mac-1 u LFA-
1 He Ha KPOBETBOPHBIX MPEIIECTBEHHUKAX
K®II-18, no kpaiineii Mmepe Tex, GyHKIHO-
HaJIbHBIM CTaTyC KOTOPBIX aTTECTOBAJICS
yKa3aHHBIMH MeToaamu. Jpyrumu ciosa-
MH, TOABIAIOIINECS TOCIe KPUOKOHCEP-
BupoBaHus K®II-18 nomosHuTenapHbIe
¢pakunu Mac-1" — u LFA-17 — xietok He
ABIAIOTCS KPOBETBOPHBIMHU IPEIIIECT-
BEHHUKaMH. XOTS O4EBHUIHO, YTO KPHOKOH-
CEpBHPOBAHME BBI3BIBAET Mepepaciperie- 0
JICHUE KJIETOYHBIX CyOHOMyNALnui 3a cyer
MIPUIaHUS HOBBIX Ka4eCTBEHHBIX CBOHCTB
KO®IT, naaynupyst, HanpumMep, SKCIIPECCHIO Ha
HUX MapkepoB CD34, Mac-1 u LFA-1. IIpu
3TOM BakeH (akT Ooyiee BBHIPAKCHHBIX B
K®II-18 Takoro pona momudukanmii. Cy-
IIECTBEHHO TaKX€e, YTO B Pa3HOW CTEMEHU
BBIpa)KEHHas ITOCIIE KPHOKOHCEPBUPOBAHUS
JUIs pa3HBIX cpokoB recraiuu KOII “cymnep-
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cryopreservation factors. The probability of realisation
of such a supposition is based on the concept about a
possible revert of functional potential of late gestation
term FLCs back to the level of earlier terms under
cryopreservation factors.

Taking into account the fact of expression of mentio-
ned markers on certain types of HSCs, the question
arises if such an increase in concentration of Mac-1*
(as well as LFA-1") cells after cryopreservation is
accompanied by enrichment of FLCs-18 total popu-
lation with hemopoietic precursors. The results, presen-
ted in Fig. 7 and 8 do not clarify this. For example
after cryopreservation a decrease in the integral
potential of colony formation of FLCs-15, i. e. both
CFUs and CFU-GM, was observed. At the same time
the extent of decrease in the content of precursors of
different differentiation level similarly exceeds the
values of decrease in integrity of FLCs of this gestation
term. In addition, it did not coincide with a decrease
extent of CD34" cell content as well (see Fig. 5).

Slightly different situation was observed after
FLCs-18 cryopreservation. In this case a distinct re-
distribution of precursor subpopulations was traced.
At the back-ground of a decrease in FCUs-8 and CFU-
GM colony forming activity there was an increase in
CFUs-12 content, coinciding in percentage with a
concentration rise of only CD34", but not Mac-1* and
LFA-1* cells (Fig. 6-8).

These results testify to the fact, that cryopreserva-
tion induces the expression of Mac-1 and LFA-1
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Puc. 7. Kononueobpazyrommuii noternuan KOEc dheransHOM nedeHn
pasHBIX CPOKOB IeCTallMy Iocie KpuokoHcepBupoBaHus (3a 100%
MPUHATO KOMUYIECTBO KONOHWHA, oOpazoBaHHEIX KOEc HaTtmBHOTO
MaTepuana Kaxa0ro cpoka recranuy; 3a 1 — coorserctBeHHO UITA):
O—KOEc-8; @—KOEc-12; U-UITA.

Fig. 7. Colony forming potential of fetal liver CFUs of different gestation
terms after cryopreservation (for 100% we assumed the number of
colonies, formed by CFUs of native material of each gestation term; for
1 we did IPA, correspondingly): 00— CFUs-8; @— CFUs-12; [I— IPA.
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JKcIpeccHs” KJIETOK C YKa3aHHBIMH MapKepaMy He
KoppenupoBana (3a uckmodeaueM CD34 u KOEc-12
cpenu KOII-18) c u3sMeHeHHEM KoJIOHHE0Opasyouen
aktuBHoctu KO®II B cuctemax in vivo u in vitro.
Hamnerit ¢pakt ceumerenseTByeT o ToM, uto CKK
MOTYT dKcIIpeccupoBars Mapkepsl Mac-1 u LFA-1, HO
He Bce Mac-1" — unu LFA-1" — xnetku sBistoTcs
KPOBETBOPHBIMU TpeAlecTBeHHUKaMu. [1omo0HbIiH
BBIBOJ OBLII HAMHU cienad U B oTHomeHnu CD34-
mapkepa. K Tomy ke sl HATHBHOTO MaTepuania
TOJBKO MO JBYM M3 TPEX MapKepOB XapakTep
HU3MEHEHUS COACPKAHUS KIETOK IO CPOKAM reCTaluu
COBMAJAJI C U3MEHCHHEM KOJOHHEOOpa3yromei
aktuBHOCTH K®II: in vivo— CD34 ¢ KOEc-12 u Mac-1
¢ KOEc-8; in vitro — CD34 ¢ KOE.

BbiBOAbI

YcraHoBieHO n3MeHEeHHE (EHOTUIIHMYECKUX U
¢yHkunoHanbHbIX Xapaktepuctuk KOII ¢ yBennye-
HHUEM CpOKa I'eCTallH, YTO BBIPAXKaJIOCh B CHIPKEHUHNN
rormmaecTBa CD34-kJ1eTok 1 X KOJIOHHE00pa3yroImero
MOTEHIIMANa B CUCTEMaX in VIVo U in Vitro ¢ OTHOBpE-
MEHHBIM YBEJIMYEHUEM KoiudecTBa Mac-1" — un
LFA-1" — xnerok. Ha npumepe K®II ¢ naMeHeHHBIM
HCXOTHBIM COCTOSTHUEM B 3aBHCHMOCTH OT CPOKa
recTalyy MoKa3aHa CiocoOHOCTh (PAKTOPOB KPUOKOH-
CepBUPOBaHMSA MOAU(DHUILIMPOBATE CTPYKTYPHO-(DYHK-
LMOHAJIBHOE COCTOSTHUE PA3JINYHBIX KJIETOUHBIX KOM-
[MapTMEHTOB. YCTAaHOBJIEHO, YTO KPHOKOHCEPBUPO-
BaHUE CIIOCOOHO MPOSBIATE 3Q(EKT CEeNeKTHBHOTO
o6oramienust KOII-18 knetkamu ¢ heHOTHITNUECKUMHU
MIpU3HaKaMH KPOBETBOPHBIX IPEIIECTBEHHUKOB.

[TomydeHHbIe pe3yabTaThl ABISIOTCS OCHOBAHUEM
IUIS UCCIIEIOBaHUS B JallbHEHIIeM 0coOeHHOCTE!
TEpaneBTUYECKOTO OTEHIINAIa KPHOKOHCEPBUPOBAH-
HbIX K®II pa3HbIX cCpOKOB recTamum.
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structures in cells not being the hemopoietic precursors
of FLCs-18, at least those, which functional status was
attested by the mentioned methods. By other words,
additional fractions of Mac-1" and LFA-1" cells,
appearing after cryopreservation, are not hemopoietic
precursors. Although it is evident, that cryopreservation
causes redistribution of cell subpopulations due to
conferring the new qualitative properties to FLCs, by
inducing, for example, the expression of CD34, Mac-1
and LFA-1 markers on them. At the same time of
importance is the fact that such modifications are more
manifested in FLCs-18. It is also important, that this
“super expression” of mentioned markers in cells was
differently manifested after cryopreservation for FLCs
of various gestation terms, but did not correlate (exclu-
ding CD34 and CFUs-12 among FLCs-18) with chan-
ges of in vivo and in vitro colony forming activity of
the FLCs. This fact testifies that the HSCs may express
Mac-1 and LFA-1 markers, but not all Mac-1" or LFA-1*
cells are hemopoietic precursors. The similar observa-
tion was made for CD34 marker. Furthermore the
native cells showed the coincidence in character of
changes in cell content vs. gestation terms and chan-
ges in FLC colony forming activity only for two of
three markers: in vivo these are CD34 with CFUs-12
and Mac-1 with CFUs-8; in vitro — CD34 with CFU.

Conclusions

The investigation showed the changes in FLC
phenotypic and functional characteristics due to
elongation of gestation terms, that was manifested in
the decrease in CD34" cell content and in vivo and in
vitro colony forming potential with a simultaneous
increase in cell content and expression rate of Mac-1
and LFA-1 molecules. In the case of FLCs with
changed initial state due to gestation term there was

Puc. 8. Komorneobpa3yromwii noreniman KOE-
I'M ¢eranpHOl eueHn pa3HbIX CPOKOB recTa-
LUK T0ciie KpHoKoHcepBupoBaHus (3a 100%
MIPHUHSATO KOJIUIECTBO KOJIOHUH, 00pa30BaHHBIX
KOEc HaTtuBHOTO MaTepuaia KakJI0ro CpoKa
rectaruu; 3a 1 — coorBerctBenno MUITA): OO —
KnOE; @-KOE; 0 — UTIA.

Fig. 8. Colony forming potential of fetal liver
CFU-GM of different gestation terms after
cryopreservation (for 100% we assumed the
number of colonies, formed by CFUs of native
material of each gestation term; for 1 we did IPA,
correspondingly): O0— CIFU; @- CFU; O -
IPA.

WIMA (KOE/KnOE), ycn.eg.
IPA (CFU/CIFU), arbitrary units
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shown the capability of cryopreservation factors to
modify structural and functional state of different cell
compartments. Cryopreservation was established as
capable to manifest the effect of selective enrichment
of FLCs-18 with the cells having phenotypic signs of
hemopoietic precursors.

The results obtained are the reason for further
research of peculiarities of therapeutic potential of
cryopreserved FLCs of different gestation terms.
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