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Pedepar. B o630pe npencraBreH aHanvM3 COBPEMEHHON NUTepaTypbl CYLLECTBYHOLMUX METOOOB KPUOKOHCEPBMPOBAHUA U
TpaHCMMaHTauuy oBapuanbHOW TKaHW AN BOCCTAHOBIIEHUS PENPOAYKTUBHOW M 3HOOKPUHHOW (YHKUMKU. [lprBedeHbl ycrnellHble
pesynbTaThl X NPUMEHEHUS KaK Ha PasfUYHbIX 3KCMEePUMEHTaNbHbIX MOAENSAX XXUBOTHBIX, TaK U B KIMHUYECKOW NpakTuke. B ctatbe
OTMEeYeHbl OCHOBHble TEXHUYECKNE TPYOQHOCTU, KOTOpble HEOOGXOAMMO MPeofoneTh AMA LMPOKOrOo BHEAPEHUS B KITUMHUYECKYHO
NpakTUKy METOAOB KPUOKOHCEPBMPOBAHUS U TpaHCMMaHTaUMM OBapuanbHON TKaHMU.

KniouyeBble cnoBa: oBapuanbHasi TKaHb, PEXUMbl 3aMOpaKMBaHWS-OTOrPEBa, TPAHCMMaHTauus, penpoaykTUBHas YHKLMS.

Pedepart. B ornagi nogaHo aHania cyvacHoi nitepaTypu iCHYIOUMX METOAIB KpPiOKOHCEepBYBaHHSA i TpaHcnnaHTauii oBapianbHOi
TKaHWHW ANSA BifHOBIEHHS PEnpPOAYKTUMBHOI Ta eHOOKPUMHHOI yHKUiT. HaBeaeHo ycnilHi pesynstaTty ix 3acTOCyBaHHSA SK Ha Pi3HUX
eKcnepuMeHTanbHUX MoAEeNsAX TBApPWH, Tak i B KMiHIYHIN npakTuui. ¥ cTaTTi 3a3Ha4eHO OCHOBHI TEXHiYHi TPyAHOLLi, siki HeobXigHO
nogonatn ANs WWPOKOro BMPOBaAXeHHS B KIiHIYHY NPaKTUKy MeTOoAiB KPIOKOHCEPBYBAaHHS i TpaHCNnaHTalii oBapianbHOi TKaHUHM.

KniouyoBi cnoBa: oBapianbHa TKaHWHA, PEXUMWU 3aMOPOXYBaHHSA-BIAIrpiBy, TpaHCNNaHTauisd, penpoayKTUBHA YHKLiS.

Abstract. The review represents the state of art in existing methods for cryopreservation and transplantation of ovarian tissue

used for restoration of reproductive and endorcine function. The successful outcomes of their application are shown both in
experimental animal models and in clinical practice. The paper describes the main technical obstacles, which should be overcome to

introduce into clinic the methods of cryopreservation and transplantation of ovarian tissue.
Key words: ovarian tissue, freeze-thawing regimens, transplantation, reproductive function.

[To nanubpiM BeeMupHoit opranuzanuu 3apaBooxpa-
HEeHUs OecIuioue B YKparHe yCTaHOBIeHO y 15% cy-
MPYKECKHX Tap, 9TO BEJET K yXYIEHHUIO jeMorpadu-
YECKUX IOKa3aTesel B crpaHe. I3BeCTHBI pa3HbIE MTPH-
YHHBI CHYYKEHHS PENPOTyKTHBHOM (DYHKIIUH B3POCIIOTO
HACEJIEHUS: THHEKOJIOTHUECKHE, TeHETHUECKUE, IHI0-
KpUHHBIE, IMMYHOJIOTHYECKHE, a TAK)KE CBSI3aHHBIE C
3a00JIeBaHUSIMHU, IEPEHECEHHBIMU B JIETCTBE, U NMEIO-
e uauonarnyeckuit xapakrep. Kpome toro, mprumene-
HUE BBICOKOZ030BOI XUMHO- U paJUOTEPAIINU B COB-
PEMEHHOI OHKOJIOTHH TSI TOCTKESHUS d(h(HEKTUBHOC-
TH JIEYEHHS OKa3bIBaeT OTPHUIATEIbHOE MOOO0YHOE
JeifcTBHE HAa peNpOAYKTUBHBIE oprassl [1, 5]. ¥V xen-
LIUH ATO MPOSIBISIETCS B CHUKEHUH OBApUAIBLHOTO pe-
3epBa, ITyJia OOIIUTOB WU B aTpo(prH TKAaHU STUYHUKA,
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According to the data of the World Health Organi-
zation the infertility in Ukraine is observed in 15% mar-
ried couples that leads to the degradation of demogra-
phic indices in the country. There are known various
reasons of decreasing the reproductive functions of
adult population: gynecological, genetic, endocrine, im-
munological as well as the ones associated with the
diseases in childhood and having an idiopathic cha-
racter. Moreover, the application of high-dose chemo-
and radiotherapy in contemporary oncology used to
increase the efficiency of the treatment has a negative
side effect on reproductive organs [1, 5]. Women have
it manifested in decrease of ovarian reserve and pool
of oocytes or atrophia of ovarian tissue, premature me-
nopause or decreased reproductive function [1, 34, 36].
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MPEXIEBPEMEHHON MEHOTIAY3€ WIIM CHUKEHHOM perpo-
nyktuBHOU (hyHkimu [1, 34, 36]. B HacTosmee Bpemst
CTaHJApPT COXPaHEHHUs PENPOAYKTUBHOTO TOTEHIHAIa
YKEHILIMH — CTUMYJISIIMST QYHKIMH SMYHUKOB [T 3a00pa
OOIIMTOB M UX KPUOKOHCEPBUPOBAHHUE UIIH OILIOJOTBO-
pEHHE 3pENBIX OOLIUTOB U KPHOKOHCEPBUPOBAHUE I10-
JTy4eHHBIX 3MOpHOHOB [47]. OCHOBHAS CIOXHOCTb
MIPUMEHEHHUS STHX METOJ0B — HEOOXOAMMOCTD IPOBE-
JIEHUS TPOLEAYPHl CyNepOBYIAINH ISl TTOTydeHUs
0O0JBIIOTO KONMYECTBA 3PEJIBIX OOLMUTOB. Takke Cy-
LIECTBYIOT TPYHOCTH, CBSI3aHHBIE C KPHOKOHCEPBHPOBA-
HUEM 3peIbIX OOIUTOB, UMEIOIINX OONBIION 00heM
LUTOIUIa3MbI KJIETOK, BEICOKHI YpOBEHb MeTaboIM3Ma
U XpOMOCOMBI B cTaauu meradassl meiosa II [6].
BaxkxHo OTMETUTB, YTO CTUMYIIALHS (PYHKIIUN STMIHUKOB
HEBO3MOXHA B JETCKOM Bo3pacte [47].

B coBpemeHHO# penpoIyKTHUBHON METULIMHE KPUO-
KOHCEpBHPOBAaHUE U TPAHCIUIAHTALUsl OBapUaIbHON
TKaHH SBJSIIOTCSA HanOosee MepcreKTUBHBIMU METO-
JaMH COXpaHEHMs PENPONyKTUBHOIO MOTEHIMANA U
BOCCTaHOBJICHHSI DHAOKPUHHON (DYHKIIMH Y TTAIIEHTOB
KaK T10CJIe KypCOB XHUMHUO- ¥ PaHOTePaIyH, TaK U IPU
MMaTOJIOTUSAX SIMIHUKOB pa3umaHoro reresa [15]. Ilpe-
MMYIIECTBA JTaHHOTO METO/a — OTCYTCTBHE Ipe/Ba-
PUTENBHON TOPMOHAIBHON CTUMYJISILIUY, BO3MOYKHOCTh
3a00pa pa3InYHbIX CIO0EB TKaHU B JIF000E BpeMsl, J0-
CTaTOYHBIH (OJUTHKYJISPHBIN 3a1ac B KOPTUKAIBHOM
cioe stmanuka (ot 15 go 100 npumopananbsHeIX Gosuiu-
KysioB Ha 1 MM?), KOTOPBI HEOOXOAUM ISl KPUOKOH-
cepsupoBanus [13, 14].

Ha ceronnsauinmii 1eHb MOMTy4eHbl pe3yabTaThl yc-
MEIIHOTO KPHOKOHCEPBUPOBAHUS U TPAHCIUIAHTALUN
OBapHaJIbHOM TKaHU KaK Ha pa3HbIX 3KCIIEPHUMEHTAIIb-
HBIX MOJENAX Y KUBOTHBIX, TaK M B KIMHUYECKOU
npakTuke. belia BoccTaHoBIeHa PEePTHIBHOCTD Y MbI-
e ociie OPTOTOMUYECKOH TpaHCILIaHTAIIMH KPHO-
KOHCEpBHPOBAaHHOM OBapHanbHOM TKaHu [29, 46, 52].
Gosden R.G. 1 coaBT. moka3ajiy BO3MOXHOCTb BOCCTa-
HOBJICHUS IE€TOPOTHON (DYHKITHH Y OBEIl ITOCTIE ayTo-
TpaHCIJIaHTAaLlUU OBapUalbHON TKaHU, XpaHUBILEHCS
pu —196 °C [25]. Ilpu KceHOTpaHCIUIaHTalluu KpUO-
KOHCEPBHUPOBAaHHOW OBapHabHOM TKaHU 00E3bsIH HM-
MYHOAC(QUIUTHBIM MBbIIIaM OblJa BOCCTaHOBJIEHA
Mop¢oJoruuecKas CTpyKTypa TKaH! SIMYHUKA JTOHO-
POB, IIpUYEM KOJUYECTBO HOPMAJIBHBIX (POIITHKYIOB
OBLIIO CPAaBHIMO C TAKOBBIMH TTOCJIE TPAHCIUIAHTAIUU
cBexeBbIaenenHoi Tkanu [10]. B coBpemenHON Mu-
POBOM MPaKTHKE 3aPETUCTPUPOBAHO HECKOIBKO CITy-
Y4aeB POXKACHUS 3I0POBBIX JETEH MOCIe KPUOKOHCEP-
BHPOBaHMS OBapUANbHON TKaHU M MOCIETYIOIEeH ee
OPTOTOMMYECKOH ayTOTpaHCIUTaHTauu [3, 14].

MeTto TpaHCIUTaHTAallMU OBAPUAJILHOM TKaHU HC-
MIOJIB3YETCs TOCTAaTOYHO JaBHO, OJHAKO €ro COYeTa-
HUE C COBPEMEHHBIMH PENIPOAYKTHBHBIMU TEXHOIOT UsI-
MU B KJIMHUYECKOM MTPAKTUKE MOKHO pacCMaTpUBAaTh
KaK HHHOBAIMOHHOE.
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Nowadays the standard for preservation of women
reproductive potential is either the stimulation of ovary
function for sampling of oocytes and their cryopreser-
vation or fertilization of mature oocytes and cryopre-
servation of the derived embryos [47]. The main diffi-
culty in application of these methods is the necessity
of performing the superovulation to obtain a great
number of mature oocytes. There also appear the dif-
ficulties associated with the cryopreservation of mature
oocytes with a large volume of cell cytoplasm, high
level of metabolism and chromosomes at the stage of
meiosis metaphase II [6]. It should be noted, that the
stimulation of ovary function is impossible in infancy
[47].

In contemporary reproductive medicine, the cryo-
preservation and transplantation of ovarian tissue are
the most perspective methods for preservation of repro-
ductive potential and recovery of endocrine function
in patients after courses of chemo- and radiotherapy
as well as during pathologies of ovaries of different
genesis [ 15]. The advantage of this method is the abse-
nce of preliminary hormonal stimulation, possibility of
sampling of different tissue layers at any time, sufficient
follicular reservoir in ovarian cortical layer (from 15
to 100 primordial follicles per 1 mm?) necessary for
cryopreservation [13, 14].

Nowadays, successful cryopreservation and trans-
plantation of ovarian tissue were achieved both in
various experimental animal models and in clinical
practice. The fertility in mice was restored after ortho-
topic transplantation of cryopreserved ovarian tissue
[29, 46, 52]. Gosden R.G. et al. showed the possibility
to recover reproductive function in sheep after auto-
transplantation of ovarian tissue stored at —196°C
[25]. Xenotransplantation of cryopreserved ovarian tis-
sue of monkeys to immunodeficient mice restored the
morphological structure of mice ovarian tissue, more-
over, the number of normal follicles was comparable
with that after transplantation of freshly isolated tissue
[10]. Several cases of birth of healthy children after
cryopreservation of ovarian tissue and its following or-
thotopic autotransplantation have been reported in con-
temporary world practice [3, 14].

Method of ovarian tissue transplantation has been
used for a long time, however its combination with
current reproductive technologies in clinical practice
may be considered as innovative one.

Basic approaches in cryopreservating ovarian
tissue

The difficulty of ovarian tissue cryopreservation is
comparable with case of the whole organs as it requires
the preservation of heterogenic functional unit of the
ovary, the follicle, which consists of several types of
somatic cells (granulose, cumulus, theca) and germ
cell (oocyte) differing in size, volume and membrane
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OcHOBHBIE MOAXO/Abl K KPHOKOHCEPBHUPO-
BAHUIO 0BAPHAJIBHOW TKaHU

CnoXHOCTh KPHOKOHCEPBUPOBAHMSI OBApHAIBHOM
TKaHU COM3MEPHMa C KOHCEPBUPOBAHNEM IIEIBIX Opra-
HOB, TTOCKOJIBKY TpeOyeT COXpaHEHUs TeTepOTreHHON
(hyHKIIMOHATIFHOM €IMHUIIBI THYHIKA — (DOJUTHKYIIA, CO-
CTOSIIIETO U3 HECKOJIIBKIX THIIOB COMAaTHYECKUX KIIe-
TOK (TpaHyJIe3bl, KyMYJIIOCA, TEKH) U TIOJIOBON KJIIETKH
(oo1uTa), KOTOPBIC OTIIMYAIOTCS Pa3MepoOM, 00BEMOM
Y IPOHHUIIAEMOCTHIO MeMOpaHbl. MeTo1 HU3KOTeMITe-
paTypHOro KOHCEpBHPOBaHHUS OBapHUaIbLHON TKaHU COC-
TOUT U3 HECKOJIBKUX ATAIOB: 300D TKaHH, MHKYOaIHs
C KPHOIIPOTEKTOPOM, 3aMOpakuBaHue U oTorpes. OT
noa0opa ONTHMANIBHBIX YCJIOBUH Ha BCEX MTEPEUUCIICH-
HBIX BBILIE ATAMIaX 3aBUCUT COXpaHEHHE )KU3HECTI0CO0-
HOCTHU OBapUalbHOHN TKaHHU.

ITepBbie MOMIBITKY, ceIaHHbIe B S0-X TOAaX MPOIII-
JIOTO CTOJIETHS, TI0 3aMOPAKUBAHUIO OBAPHAITBHON TKa-
HU TPBI3YHOB TOJI 3aIIUTON TIHMIIEpHHA, yCIexa He
nmenn [27, 46]. Ha nporsoxennn nocnenyoomux 20
JIET pPe3yNbTaThl padoT, CBI3aHHBIE C KPUOKOHCEPBH-
pOBaHMEM TKaHU SIMYHUKA, MPAKTHYECKOTO MPHMe-
HeHus He noiayuynin. Paspaborka u BHeapenue B 70-x
roZiax HOBBIX KPUO3AIUTHBIX BeIeCTB (PONaHANOI,
STUICHIIINKOIb U AUMETHIICYAb(OKCHT) B KpHOOHOIIO-
THYECKYO TPAKTUKY MOCITYHIN Ha4aJI0M HOBOTO 3Ta-
1a UCCJIEeI0BaHUI B JaHHOM HampaBieHud. OgHa u3
MHOHEPCKHUX paboT Obuia BeinonHeHa B.W. ['puiienko u
coasT. B UIIKuK HAH VYkpawunsl, B KOTOpOil moKa-
3aHO, YTO MOJIKOYKHAS AJITIOTPAHCIAHTALINS OBapHab-
HOH TKaHU, KPHOKOHCEPBUPOBAHHOM O] 3aLIUTOM O~
JTUATHIICHIIINKOJIS C MOJIEKYIsipHO# Maccoit 400, mpu-
BOJMJA K BOCCTAHOBIICHHIO 3CTPAJIBHOTO IUKIA Y
nanueHTok [2, 28]. B 90-x romax ObUIO MPOBEICHO
HECKOJIBKO YCTIEIIHBIX SKCIIEPUMEHTOB 110 HU3KOTEMIIE-
paTypHOMY KOHCEpBHPOBAaHHUIO OBapHaIbHON TKaHU B
npucytcteun JIMCO [12,25,29]. Y 86% oBapuoskTo-
MHUPOBaHHBIX JKUBOTHBIX Y/1aJ10Ch BOCCTAHOBUTH ICT-
panbHBIN HUKJI NOCIIE TPAHCIUIAHTALUHN O KaIICyTy
MOYKHU KPHOKOHCEPBUPOBAHHOM OBapHUaJIbHOM TKaHHU,
€CJIM UCIIOJIB30BAJICS OBICTPBIA OTOTPEB 00pa3Ia U y
25% — mennennsit [12]. AHaJOTHYHBIE PE3YIIBTATHI
osutn momydensl Gosden R.G. u coaBt. mmociie opto-
TONHMYECKON TpaHCIUIAaHTAUK (PparMeHTOB KOPKOBOTO
CJIOS SIMIHUKA OBIIBI, KOTOPBIE OBLTH 3aMOPOKEHBI 10
—196°C B npucyrcteuu JIMCO [25]. UccnenoBanus,
nposeneHubie Hovatta O. u coasr. B 1996 1. [30], noka-
3aJli yCTONYMBOCTh OBAPUAIbLHOM TKAaHU YeJIOBEKa K
HU3KOTEMIIEpaTypHOMY KOHCEPBHPOBAHUIO IO/ 3a1l[H-
toit IMCO unu B couetanuu 1,2-nponanauona (1,2-
[1[1) u caxaposbl. CoxpaHeHHE CTPYKTYPHOMH LeocT-
HOCTH (POJUTHKYIIOB, KOMITOHEHTOB CTPOMBI, a TaKKe
APXUTEKTOHUKH TKaHH ITOCIIE 3aMOPaKUBAHUA-OTOTPE-
Ba OBLJIO OCHOBAHHMEM JISI IPEATIONOKEHHS O COXpa-
HEHHUW KMU3HECNOCOOHOCTH OBapHalbHOW TKaHU
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permeability. Method of low-temperature preservation
of ovarian tissue involves several stages: sampling of
tissue, incubation with cryoprotectant, freezing and
thawing. The selection of optimal conditions at all the
mentioned stages affects the preservation of ovarian
tissue viability.

The first attempts performed in the 1950s to freeze
rodent ovarian tissue under protection of glycerol failed
[27, 46]. During the following 20 years the results of
researches on cryopreservation of ovarian tissue were
not used in practice. In the 1970s the development
and implementation of new cryoprotective substances
(propane diol, ethylene glycol and dimethyl sulfoxide)
into cryobiological practice pre-conditioned the begin-
ning of new stage of investigations in this direction.
One of the pioneer works performed by the laboratory
of V.I. Grischenko at the Institute for Problems of
Cryobiology and Cryomedicine of the National Aca-
demy of Sciences of Ukraine showed that subcuta-
neous allotransplantation of ovarian tissue cryopreser-
ved under protection of polyethylene glycol with mole-
cular weight of 400 resulted in the restoration of estrous
cycle in the patients [2, 28]. In the 90s several success-
ful experiments on low-temperature preservation of
ovarian tissue with DMSO were carried-out [12, 25,
29]. Estrous cycle was restored in 86% of ovariecto-
mized animals after transplantation under renal capsule
of cryopreserved ovarian tissue if the biospecimen was
rapidly thawed and only in 25% — if slow regimen was
applied [12]. Similar results were obtained by Gos-
den R.G. et al. after orthotopic transplantation of sheep
ovarian cortex fragments cooled down to —196°C in
the presence of DMSO [25]. The studies performed
by Hovatta O. et al. in 1996 [30] revealed the resistance
of human ovarian tissue to low-temperature preserva-
tion under protection of DMSO or of combined 1,2-pro-
panediol (1,2-PD) with sucrose. Preservation of struc-
tural integrity of follicles, stromal components as well
as tissue architectonics after freeze-thawing allowed
to suggest the preservation of human ovarian tissue
viability and possibility of its use for transplantation.
Resistance of ovarian tissue to cryoinjury and a high
degree of survival of primordial follicles were eviden-
ced also by other researchers [7, 39].

Presently the cryopreservation of ovarian tissue
mainly involves two cryoprotectants, DMSO and 1,2-
PD. Basic protocol of low-temperature preservation
of sheep ovarian tissue under DMSO protection was
developed by Gosden R.G. et al. in 1994, which
involved the laparoscopical sampling of an entire ovary
or its cortical layer, further cutting of the tissue into
1x1 mm fragments on ice. The equilibration of ovarian
tissue fragments was carried out for 15 min at 4°C in
the physiological saline with 1.5 M DMSO and supple-
mented with 10% fetal bovine serum (FBS). Controlled
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YeJI0BEKAa U BO3MOXKHOCTH €€ HCIOJIb30BaHUSA A
TPaHCIUIAaHTAIMHU. YCTOMYHMBOCTb OBApHUAIIbHON TKaH!
K KPHOIIOBPEKIEHUSIM U BBICOKUH YPOBEHB COXPAHHOC-
TH (OJUTUKYIIOB IPUMOPANATBLHON CTa K OBLIH IO
TBEPXKJEHBI U JPYTUMH HccienoBarensmu [7, 39].

B nacrosmee BpeMst ISl KPHOKOHCEPBUPOBAHUS
OBapUaIbHON TKaHU IPEUMYILECTBEHHO HCIOIB3YIOT
nBa kpuonporekropa — IMCO u 1,2-I1J]. OcHoBoIIO-
JIarafoIni MPOTOKOI HU3KOTEMIIEPAaTypPHOTO KOHCEP-
BupoBaHus oy 3amuroi [IMCO mis oBapuambHOMN
TKaHH OBIIBI Ol pa3zpaboran Gosden R.G u coaBT. B
1994 1., cornacHo KOTOpOMY 3a00p LENOTO SIMYHHUKA
WM €T0 KOPTUKAIIBHOTO CJTI0S TIPOBOIMIIH JIATTAPOCKOITH-
YECKH, TI0CJIe YeT0 TKaHb H3MENBUaIH Ha PparMeHThI
pasmepom 1x1 MM Ha nbay. DKBUIHOpaLHIo GpparMeH-
TOB OBapHaIbHOHN TKaHU B (PH3UOIOTHYECKOM PacTBOpE
B mpucytcTBun 1,5 M JIMCO u 10% smOpronamsHON
temstabedt ceiBopoTkH (DTC) mpoBoawIn B Te4eHHE
15 mun npu 4°C. [IporpamMmmHOe 3aMOpaXMBaHHUE TKa-
HU IMYHUKA OCYLIECTBIISUTN B CIELMAIbHBIX KOHTEIHe-
pax co CIeIyIOIHUMU CKOPOCTSIMH OXJIXIEHHUS: 10
—9°C co ckopocthto 2 rpaa/muH, 3areM 10 —40°C co
ckopoctbio 0,3 rpa/MuH 1 co ckopocTtsio 10 rpag/mMun
no —140°C, 3arem o0Opa3ibl TOTPYKAIH B KUIAKUN
a3ot. [y ororpeBa 00pasiibl BELAEPKUBAIN B TEUCHNE
2 MHMH Ha BO3JyXe€, 3aT€M MOMEIIaTN Ha BOJSHYIO
6anto (22°C). B pesynbrare nocnemyromiei ayToTpaHci-
JIaHTALWH JaHHOW KPUOKOHCEPBUPOBAHHOW OBapHaIIb-
HOW TKaHH MOSIBIJIOCH ITOTOMCTBO [25]. B nanmpHeimem
3TOT npoToKoI 6611 Moanurposan Oktay K. u co-
aBT.: U1 KPHOKOHCEPBHUPOBaHMS OBapHAIbHON TKAaHH
YeNoBeKa B KPHO3ALIMTHBIA PacTBOP, COIACpKAILIUil
1,5 M IMCO, no6asnsinu 0,1 M caxapo3sl 1 yBenn4n-
BaJIK BpeMsi SKBUIHOpaIy TKaHH SIMIHUKA C PACTBO-
pom kpuomnporekropa 1o 30 mus nipu 4°C [42]. B pe-
3yJbTaTe UCIONb30BaHM JAHHOTO IPOTOKOJIA Ha THC-
TOJIOTHYECKUX CPe3axX OBapUANbHOMN TKaHH YeOBEKa
ocJie KPHOKOHCEPBUPOBAHUS ObLIO BBISIBJICHO HE3HA-
YUTEIBHOE KOIMIECTBO NMEPBUYHBIX (POIITHKYIOB [42].

MHOro4HCIeHHBIE SKCIIEPUMEHTAIBHBIC TaHHBIC,
nonyueHHbsie Gook D.A. u coaBt. [19-22], noka3zaiu
YCIIEIIHOE 3aMOpaKuBaHre (parMEHTOB OBAPHATBbHON
TKanu oA 3amuroit 1,2-11J1. beuia npoBeneHa olieHKa
MOP(OJIOTHYECKOH LETOCTHOCTH BCEX CTPYKTYPHBIX
3JIEMEHTOB OBAapHANBHON TKaHHW B 3aBUCUMOCTH OT
temreparypsl (4 u 22°C) u BpeMeHu nHKyOaruu (15—
90 mun) TKauu ¢ 1,2-11]] B koHnIeHTpanusax ot 1,5 1o
4,5 M 1,2-I11 B npucyrctuu 0,1-0,2 M caxapo3sbl
unmu ¢ 10%-it 3TC [23]. B pesynsrare Gook D.A. u
COaBT. OBLT pa3paboTaH MPOTOKOI 3aMOPAKHBAHUS
oBapuaNbHOU TKaHU nox 3amuTtont 1,2-I1/], comacHo
KOTOPOMY TKaHb M3MeNbUaiy Ha parMeHThl pa3mMe-
poMm 2x4x] MM’ U MHKYOHUpPOBaIH B KPHO3AIIUTHOM
pactBope (150 MM NaCl; 1,5 M 1,2-T1/1; 0,1 M caxa-
po3bl 1 10 mMr/mi ansOymuHa) B TedeHue 90 MUH npu
22°C. IIporpaMMHOE 3aMOpaKUBaHUE TKAHU STMUHUKA
OCYIIECTBISUIOCH B CIIEIIMATIBHBIX KOHTEHHEPax 00be-
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cooling of ovary tissue was performed in the special
containers using the following cooling rates: down to
—9°C it was done with 2 deg/min rate, then down to
—40°C it was performed with the rate of 0.3 deg/min
and 10 deg/min rate down to —140°C, thereafter the
samples were plunged into liquid nitrogen. For thaw-
ing the samples were kept in air for 2 min, then placed
in water bath (22°C). The following transplantation of
this cryopreserved ovarian tissue resulted in the appea-
rance of the offspring [25]. Further this protocol was
modified by Oktay K. et al. as follows: to cryopreserve
the human ovarian tissue the cryoprotective solution
containing 1.5 M DMSO was supplemented with 0.1 M
sucrose and the equilibration time of ovary tissue with
cryoprotectant solution at 4°C was increased up to 30
min [42]. Application of this protocol resulted in pre-
servation of few primary follicles revealed in histolo-
gical sections of human ovarian tissue [42].

A number of experiments performed by Gook D.A.
et al. [19-22] achieved a successful freezing of ova-
rian tissue fragments under protection of 1,2-PD. There
was assessed morphological integrity of all ovarian tis-
sue structural elements depending on the temperature
(4 and 22°C) and duration(15-90 min) of tissue incu-
bation in solution of 1,2-PD in concentration from 1.5
to 4.5 M supplemented with 0.1-0.2 M sucrose or 10%
FBS [23]. As aresult Gook D.A. et al. have developed
the protocol for ovarian tissue freezing under 1,2-PD
protection according to which the tissue was reduced
to 2x4x1 mm?3 fragments and incubated in cryoprotec-
tive solution (150 mM NaCl; 1.5 M 1,2-PD; 0.1 M
sucrose and 10 mg/ml albumin) during 90 min at 22°C.
Programmed freezing of ovary tissue was done in spe-
cial containers of 1 ml volume with the following cooling
rates: down to —7°C it was performed with 2 deg/min
rate, then down to —30°C it was done with 0.3 deg/min
rate and 50 deg/min down to —150°C and thereafter
the specimens were plunged into liquid nitrogen. For
thawing the samples were exposed for 2-3 min in
water bath at 37°C until the appearance of liquid phase.
The following morphological assessment of structural
elements in ovarian tissue showed that more than 50%
of follicles consisted of undamaged cells of granulose
and oocytes [24].

In spite of considerable success in development of
the methods for low-temperature storage of ovarian
tissue Sztein J. ef al. noted the decrease of follicular
pool and increase of fibrosis area in transplants of cryo-
preserved ovarian tissue comparing to the transplants
of freshly isolated tissue [52]. Other authors reported
DNA fragmentation observed after cryopreservation
in primordial and primary follicles [16] as well as the
impaired integrity of granulose cell structure [38]. The
application of more novel tests allowed to reveal the
expression of abnormal genes in granulose cells and
their apoptosis in transplants of cryopreserved ovarian
tissue [35]. In addition, there were some suggestions
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MOM 1 MII CO CITEAYIONIMMH CKOPOCTSMH OXJIAXKICHUS:
10 —7°C co ckopocThio 2 rpaja/mMuH, 3ateM 10 —30 °C
co ckopocTtsio 0,3 rpag/muH u co ckopoctsio 50 rpan/
muH 70 —150°C ¢ mocieayronuM norpyKeHueM B
XKUIKUHK a30T. [y oTorpeBa 0Opasibl BEIACPKUBAIH
B TeueHue 2—3 MUH Ha BoJsHON OaHe mpu 37°C 1o
nosiBIIeHUs kUKo ¢asel. [locnenyromas mopdomo-
THYECKasi OLIEHKA CTPYKTYPHBIX JIEMEHTOB OBapHailb-
HOW TKaHH MoKazaa, 4to 6oiee 50% ¢ommuKynoB coc-
TOSLITIO M3 HEMOBPEXKICHHBIX KIIETOK TPaHyIe3bl M OOLH-
TOB [24].

Hecmotpst Ha 3HAYUTENBHBINA yCIIEX B pa3padoTKe
METOZI0B HU3KOTEMIIEPATYPHOTO XPaHEHHU S OBapHaIIb-
HOM TKaHM, Sztein J. ¥ COaBT. OTMEYATH YMEHBITICHUE
(OMMKYISIPHOT O ITyJIa U YBeTMYEHHE IIoaan Guopo-
3a B TpaHCIJIaHTaTax KPpHOKOHCEPBHPOBAHHOM OBa-
pHAIBHON TKaHU 10 CPAaBHEHUIO C TPaHCIIAHTaTaMHU
U3 CBEXEBBIACTICHHOM TKaHu [52]. B paborax apyrux
aBTOPOB MTOKA3aHO, YTO MOCJIE KPHOKOHCEPBUPOBAHUS
B [IPUMOPIHATILHBIX U IEPBUYHBIX (POJUTHKYIaxX OTMe-
yamuch GparmenTanus JJHK [16], a Taxke Hapyie-
HUE [eIOCTHOCTH CTPYKTYPHI KJIIETOK TpaHyie3sl [38].
Hcnonr3oBanune 6051ee COBPEMEHHBIX METO/IOB HCCIIe-
JIOBaHMSI TO3BOJIMJIO BBISIBUTD KCIPECCHIO aHOMAITh-
HBIX T€HOB B KJIETKaX IPaHysIe3bl M MX arloITO3 B TPAHC-
IUIAHTaTaX KPUOKOHCEPBUPOBAHHON OBapUalIbHON
Tkanu [35]. Kpome Toro, ObLTH BBICKAa3aHbI IIPEATIOINO-
KEHHS, YTO KPHOKOHCEPBUPOBAHHE CIIOCOOCTBYET CTHU-
MYJISILIAN AIloNTO3a CTPYKTYPHBIX KOMIIOHEHTOB TKaH!
SIMYHUKA, I03TOMY YMEHBIIAETCA KOJIMYECTBO PACTY-
uX (GOJUTHKYJIOB B KyJBTYPE KPUOKOHCEPBUPOBAHHOM
oBapuaibHOM TKaHu [11].

[Ipumenenue BUTpUOUKALMOHHON TEXHOIOTHUH JJIs
KPHOKOHCEPBHUPOBAHUS OBAPHATIGHON TKAHH ITO3BOJTIIIO
YAYUIIUTHh COXPAaHHOCTH €€ CTPOMAJIBHBIX MJIEMEHTOB
[51]. DMEeKTPOHHO-MUKPOCKOITUIECKUE UCCIICAOBAHMUS
CTPYKTYpHI BHYTPUKJIETOYHBIX OPTraHesT OBapHAITbHON
TKaHU, TpoBeeHHbIe Keros V. 1 coaBT., Takxke MoKa-
3aJTi IPEUMYIIECTBO UCIIOIB30BAHUS METOAA BUTPH-
(uKaIMy 1o CPaBHEHHIO C IPOrPAMMHBIM 3aMOPaKH-
BaHHEM [33] A KpHOKOHCEPBUPOBAHUS OBapHUaJIbHON
TKaHH KPBIC U OBEL C HOCIEAYIOLIEeH ay TOTOMHYECKOi
TpaHcIutanTauuei [8, 51], omHako npu KpHOKOHCEPBH-
POBaHMH OBapUaJIbHON TKaHHU YeJI0BEKa ObLIH MOJTyve-
HBI IPOTUBOPEUYUBLIE Pe3yabTarhl [32].

Taxum 06pazom, MOKa3aHO, YTO METOJ HU3KOTEM-
[IepaTypHOTrO XpaHEHHUs] OBAPHUAIBHON TKaHU HE SB-
JII€TCSA ONTHUMAJIBHBIM JUIA IIUPOKOTO BHEIPEHHS B
KITMHAYECKYIO MPAKTHKY, ITOCKOJIBKY B IPOIIECCE 3aMO-
PaKMBaHHA-OTOTPEBA BOZHUKAIOT CYIIIECTBEHHBIE ITOB-
peXIeHus, MPUBOAIINE K HAPYIICHUIO CTPYKTYPHI
BHYTPHKJICTOYHBIX OPTaHeIll, CHHKEHHUIO KOJINYECTBa
KHM3HECHOCOOHBIX (DOJIIMKYIIOB, yBEIMYEHHIO CKOPOCTH
aronTo3a KJIETOK I'paHyie3bl, 8 TAKXKE Pa3BUTHIO 3Ha-
YUTENBHOT0 GrOpO3a TKaHH MOCIE TPAHCIUIAHTALIH.
B c¢BsI31 ¢ 3THM BaskHBI ONITUMH3ALIUS pa3MepoB ¢par-

8

made, that cryopreservation could contribute to the
stimulation of apoptosis of ovary tissue structural com-
ponents, which resulted in the decrease of number of
growing follicles in culture of cryopreserved ovarian
tissue [11].

The application of vitrification technology for ova-
rian tissue cryopreservation enabled to improve the
preservation of its stromal elements [51]. Electrone-
microscopic analysis of ovarian tissue intracellular orga-
nelles performed by Keros V. ef al. also showed the
advantage in using the vitrification method if compared
to the controlled rate freezing [33] for cryopreservation
ofrat and sheep ovarian tissue with the following auto-
topic transplantation [8, 51]. However, the attempts to
cryopreserve human ovarian tissue gave the contra-
dictory results [32].

Thus, the method of low-temperature storage of
ovarian tissue has been shown not to be an optimal for
being implemented widely in clinical practice, since
freeze-thawing is accompanied with appearance of
significant injuries which induce the disorders in
structure of intracellular organelles, decrease in num-
ber of viable follicles, arised rate of granulose cells
apoptosis as well as development of significant tissue
fibrosis after transplantation. In this connection, the
issues of optimization of ovary tissue fragments dimen-
sions, selection of cryoprotectant and choosing its con-
centration, duration and temperature of exposure with
tissue as well as development of new freeze-thawing
regimens and improvement of existing methods of ova-
rian tissue cryopreservation for a wide application in
clinical practice have remained vitally important.

Orthotopic and heterotopic transplantation of
ovarian tissue

The possibility of ovarian tissue transplantation has
been studied by scientists and clinicians for a long time.
The first researches on the transplantation of repro-
ductive organs including ovarian tissue were performed
by Robert Morris at the end of 18" century [40].
However, only at the beginning of the 20™ century after
implementation of vascular anastomosis technique the
transplantation of reproductive organs acquired a wide
application in clinical practice for recovery of endocrine
and reproductive function and experimental transplan-
tology as well. Nowadays, one of the approaches of
endocrine and reproductive functions restoration in
women with ovary pathologies of different genesis can
be the complex application of the methods of trans-
plantation of cryopreserved ovarian tissue (ortho- and
heterotopic ones) combined with assisted reproductive
technologies (in vitro fertilization, in vitro maturation
of follicles). After orthotopic transplantation (onto the
ovary surface) the restoration of fertility and develop-
ment of follicles in favorable environmental conditions
are possible, but the transplantation procedure in this
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MEHTOB TKaHH, BEIOOD U OIpeesIeHNe KOHIIEH TPy
KPHOIIPOTEKTOPA, BPEMEHH U TEMIIEPATYPBI SKCIIO3U-
LUH C TKaHbIO, a TaKKe pa3paboTKa HOBBIX PEXKUMOB
3aMOpakKMBAHMA-OTOIPEBA U COBEPLIEHCTBOBAHUE CY-
LIECTBYIOLUX METON0B KPUOKOHCEPBUPOBAHUS OBa-
PpHATLHOM TKaHU 711 TUPOKOTO MPUMEHEHUS B KIIMHU-
YECKOU MpaKTHKE.

OpToTonuyeckasi U TeTepoTONMHMYECKAas
TPAHCIUIAHTAIUS OBAPHAJIBHOI TKaHM

B03MOXHOCTB TPaHCIUIAHTALMU OBAPUAJIBHOM TKa-
HU UCCIIEAYETCS YISHBIMH U Bpa4aMH Ha IPOTHKEHUN
MHOTUX JieT. [lepBbie paboThI 10 TpaHCILIAaHTALIAH Pe-
MIPOAYKTHUBHBIX OPTaHOB, B TOM YHCJIE M OBAPHATEHON
TKaHH, ObUTH caenanbl Pobeprom MoppucoM B KOHIIE
18-ro cronetus. OnHaxo TonbKo B Havane 20-ro crome-
THUS TIOCJIE BHEAPEHUS TEXHUKU COCYIUCTBIX aHACTO-
MO30B TPaHCIUIAHTaLlMs PENpPOTyKTUBHBIX OPTaHOB
MOTy4YHJIa IIUPOKOE PACTIPOCTPAHEHNE KaK B KITMHUYEC-
KOM IpaKTHKe JJIsl BOCCTAHOBJIEHMSI SHIOKPUHHON U
PETIPOAYKTUBHOMN (YHKIIWH, TAaK M IKCTIEPUMEHTAIBHON
TPaHCIUIAHTOJIOTHH. B HacTosIIIee BpeMst OTHIM U3 TTOI-
XOJIOB BOCCTAHOBIIEHUSI SHAOKPUHHOHN U PEIPOAYKTHB-
HOM (pyHKIMH y KEHIIWH PU TATOJIOTUAX SUIHIUKOB
Pa3IMYHOTO reHe3a MOXKET OBITh KOMIUIEKCHOE TIPHUMe-
HEHHE METOMOB TPAHCIUIAHTALUH KPHUOKOHCEPBHPO-
BaHHOH OBapHaJIbHON TKaHH (OPTO- WM F€TEPOTOIH-
YECKOH) B COUETAHUU CO BCIIOMOTaTENbHBIMH PETPO-
IOYKTHBHBIMH TE€XHOJIOTHSIMH (3KCTPaKOPIOPaIbHOE
OIIJIOAOTBOPEHHE, CO3peBaHNe (OIITUKYIIOB ifl Vitro).
[ocne oproTonryeckoil TpaHCIUIAaHTALMH (HA TIOBEPX-
HOCTB SIMYHUKA) BO3MOXHBI BOCCTAaHOBJICHUE (DePTHIIb-
HOCTH M pa3BUTHE (OJUIMKYJIOB B ONaronpusITHBIX
€CTECTBEHHBIX YCIIOBHUAX, OHAKO OIEpaIys TpaHC-
IJTAHTAILUH B 9TOM CITy4ae OKa3bIBaeTCsI HHBA3UBHOM,
a 00BEeM TpaHCIUTAHTaTa OTPAHUYUBACTCS pa3MepaMu
augauka [ 13]. [lepBas oproronnyeckas TpaHCILUTaHTA-
1S OBApUAILHOW TKaHU YEIOBEKa Oblia BHIMOJIHEHA
Oktay K. u Karlikaya G. 29-neTHei naiueHTke ¢ 1By-
CTOpPOHHEH oBapuosKTOMueH [43]. dparMeHTHI KpHO-
KOHCEPBHPOBAaHHOW OBapHAJIbHOM TKaHU JIAIIapOCKOITH-
YEeCKH TPAHCIIAHTUPOBAJIM MO Ta30BYIO OPIOLIMHY.
[Ipu 5TOM OBLIO MTOTYYEHO KPOBOCHA0KEHHE B TPAHC-
IUTaHTaTe, ObUI 00pa3oBaH (OTUKY Pa3MEpOM 10
17 MM, BOCCTaHOBJIEH MEHCTPYaJbHBIA LIUKJI Y Ia-
LIMEHTKH MOCJIe TOPMOHAIBHON CTUMYJISIINH, HOpMa-
JIU30BaH yPOBEHB MOJIOBBIX TOPMOHOB B ILJIa3Me KPOBU
110 GU3NONIOTHYECKOM HOPMBL. BoccTaHoBIIeHHE YPOB-
HSl TIOJIOBBIX TOPMOHOB y TIAIIMEHTOK HAOIIONANH B
TIePUO MEXKIY 3-M U 6-M MECSIIEM TOCIE ayTOTPAHC-
TUTAHTAIMY B 00JIaCTh Ta30BOW OPIOLIMHEI HITU Ha 110~
BEPXHOCTh MEANAIBHOTO CJ10s sn4HKKa. K HacTosme-
My BpEMEHH U3BECTHO 10 yCHEIIHBIX CIy4YaeB OpTO-
TONMYECKON TPaHCIUIAaHTALIMM KPHOKOHCEPBUPOBAaHHON
OBapUalbHON TKaHM IMOCIE MCIIOJIB30BAHUS pEKUMa
MEJJIEHHOTO 3aMopakuBaHus. ClenlyeT OTMETHUTb,
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case appeared to be invasive and the transplant volume
is limited by the ovary sizes [13]. The first orthotopic
transplantation of human ovarian tissue was carried
out by Oktay K. and Karlikaya G. to 29-year-old
patient with bilateral ovariectomy [43]. The fragments
of cryopreserved ovarian tissue were laparascopically
transplanted under pelvic peritonium. As the result, the
blood supply was restored in the transplant, follicle of
17 mm size was formed, menstrual cycle in the patient
was recovered after hormonal stimulation , the level
of reproductive hormones in blood plasma was nor-
malized to the physiological norm. The restoration of
reproductive hormones level in the patients was obser-
ved in the period between the 3' and 6" month after
autotransplantation into pelvic peritonium or onto the
surface of ovary medial layer. By now, there are
reported 10 successful cases of orthotopic transplan-
tation of cryopreserved ovarian tissue after using the
regimen of slow freezing. It is worth noting that all the
women labored the children were younger than 30,
that was probably associated with a high pool of primor-
dial follicles in the fragments of ovarian tissue cortical
layer [3, 14,17, 18, 37, 44, 45].

Heterotopic transplantation of ovarian tissue frag-
ments is performed mainly under the skin of frontal
abdominal wall or forearm, it is not associated with
the limits in the number of transplanted tissue frag-
ments. It is relatively simple and enables to easily ob-
serve the development of follicles and perform their
puncture. But the restoration of reproductive function
is possible only with performing the assisted reproduc-
tive technologies [50]. The functioning of cryopreser-
ved ovarian tissue in muscular ‘pocket’ of abdominal
wall and the zone of forearm in 4649 years old women
[9] was similar to the functioning of freshly isolated
tissue. Moreover, in 3—4 months after transplantation
of ovarian tissue into abdominal wall there was noted
the re-storation of estradiol level and follicle-stimulating
hor-mone to the physiological indices while after ‘im-
plantation’ of tissue into the forearm zone no endocrine
function in the patients was observed. By now among
61 cases of heterotopic transplantation of cryopreserv-
ed ovarian tissue in 43 cases the patients were obser-
ved to have the restoration of menstrual cycle during
several months [4]. However, no pregnancies were
achieved after the transfer into uterus cavity of the
embryos derived from oocytes after follicular pa-
racentesis performed after heterotopic transplantation
of ovary tissue [44, 45, 48]. It was possibly associated
with a negative impact of microenvironment after
heterotopic transplantation, as well as temperature and
mechanic factors and as a result with the disordered
endocrine and paracrine regulation of folliculogenesis
in ovarian tissue. In the investigation Demeestere 1. et
al. [13, 14] have demonstrated that after autologous
transplantation of cryopreserved ovary cortex frag-
ments performed heterotopically (subcutaneously and
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YTO BCE JKEHIIIH, KOTOPbIE POAWIH JeTeH, ObIIIH MOJIO-
e 30 jet, u ycrmex, BEpOATHO, CBSI3aH C BEICOKUM ITy-
JIOM IPUMOPIUAIBHBIX (OIITUKYIIOB BO (pparmMeHTax
KOPTUKAJIBHOIO CII0Sl OBapualbHOM TKauu [3, 14, 17,
18,37, 44, 45].

I'erepoTonmueckas TpaHcIIaHTanus GpparMeHToB
SIMYHUKOBOM TKaHU OCYLIECTBIISIETCS B OCHOBHOM IO
KOXY NepeaHell OpIOIIHOM CTEHKH WM MPEATieybs,
HE CBfI3aHA C OTPAaHWUYEHUSIMH B KOIHYECTBE Iepeca-
KHBAEMBbIX (parMEeHTOB TKAHU, OTHOCUTEIILHO TIPOCTA,
TO3BOJISIET JIETKO HAOIIOAATh 32 pa3BUTHEM (DOJITHKY-
JIOB ¥l IPOU3BOINTH UX ITYHKIIHIO, OTHAKO BOCCTAHOB-
JIEHUE PETIPOIYKTUBHON (PYyHKIIMK BO3ZMOYKHO JIMIIB C
WCTIOJIb30BaHUEM BCIIOMOT aTeNIBHBIX PENPOYKTHBHBIX
texHonorui [50]. IlokazaHo, 4To PyHKIMOHUPOBAHHUE
KPUOKOHCEPBHUPOBAaHHON OBapHAJIbHON TKaHU B MBI-
LIEYHOM «KapMaHe» OPIOIIHON CTEHKH 1 B 30HE Mpel-
ieubs 46—49-neTHUX >keHIIUH [9] cpaBHUMO ¢ ByHK-
LIMOHUPOBaHHUEM CBEKEBbIIENIeHHON TKaHU. [Ipn aTOM
yepe3 3—4 MecsLa ocie TPaHCIUIAHTAlluy OBapualb-
HOH TKaHH B OPIOIIHYIO CTEHKY OTMEYajoch BOCCTa-
HOBJIEHHE YPOBHS 3CTPaanoia v (POIITHKYIIO CTUMYJIH-
PYIOILEro TopMoHa 0 (PU3UOJOTHIECKIX 3HAYEHUH,
TOT/Ia KaK IIPH «IOJCAAKe)» TKaH! B 30HY MPEATIIICYbS
SHAOKpUHHAS QYHKIIHS Y MalMEHTOK OTCYTCTBOBAA.
Ha cerognsmamii nens u3 61-ro ciydas reTepoToru-
YeCKOU TpaHCIUIaHTALlMH KPUOKOHCEPBUPOBAHHOU
OBapHaJIbHOM TKaHU B 43 ciydasx HaOmomanu y na-
LIMEHTOK BOCCTaHOBJIIEHHE MEHCTPYaIbHOTO LIUKJIA B
TeUEHUE HECKOJIbKUX MecsleB [4]. OgHako rnocie me-
peHoca B OJIOCTh MATKH SMOPHOHOB, ITOJIyYEHHBIX U3
OOILIMTOB NPH IIYHKIUH (POJIIMKYIIOB IOCIE TeTepo-
TONMMMYECKON TPaHCILIAaHTAIIMH TKaHHU SMYHUKA, HE Ha-
CTyTIaa He 0j1Ha OepeMeHHOCTE [44, 45, 48]. Bo3mox-
HO, 3TO CBSI3aHO C HETAaTUBHBIM BO3/ICHICTBUEM B
YCIIOBUSIX T€TEPOTONNYECKON TPAHCIUIAHTAITUH MUKPO-
OKPYKEHHSI, a TAKXKE TEMIIEPATypPHOTO U MEXaHUIeC-
Koro (akTopoB, M KaK CIIJCTBUE — C HapyIICHUEM
SHJAOKPUHHOM U MMapaKpHHHOM pEryisiluu Iporecca
(homrKynorenesa B oBapuanbHOU TKaHU. B nccieno-
Banuu Demeestere 1. u coasr. [13, 14] 6but0 poje-
MOHCTPHUPOBAHO, YTO MPHU ayTOIOTHYHON TPAHCILIIAH-
Tarmu GparMeHTOB KPHOKOHCEPBUPOBAHHOTO KOPKOBO-
IO BEIECTBa SIMYHUKA TETEPOTONMHYHO (TIOAKOKHO U
B NEPETHIO MBIIIIY KMBOTA) U ayTOTONUYHO (Ha
MOBEPXHOCTh SIMYHUKA) pa3BUTHE (POJUIUKYIOB IO
nuametpa 6omee 15 MM otmedeno B 7, 24 u 69% men-
CTpYyaJIbHBIX ITUKJIAX COOTBETCTBEHHO. [ [prBeneHHbIE
BBIIIIC JINTEPATYPHBIE JTaHHBIE YKA3bIBAIOT HA TO, YTO
BbIOOP ONTHUMAJILHON 00JIACTH ITPH FETEPOTOIMMYECKOM
TPaHCIJIAHTALIUH SBJISIETCSI OCHOBHBIM (DaKTOPOM ISt
yCHemHoro pyHKnuoHUpoBaHus TKkaHu. Enie onHum
KITFOYEBBIM (haKTOPOM, OTPaHHYUBAIOIINM YCIIEX TPO-
Leyphl TPAHCIIAHTALINY, SIBJISETCSI BOSHUKHOBEHHE
WIIeMHH BO (pparMeHTax OBapHaIbHOU TKAHU JI0 MO-
MEHTa HX peBacKyisapu3zanuu. [loka3aHo, 4TO OKOJIO
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in frontal abdominal muscle) and autotopically (onto
the ovary surface) the development of follicles upto
the diameter more than 15 mm was noted in 7, 24 and
69% menstrual cycles, respectively. The reported data
attest that selection of optimal site for heterotopic
transplantation is an essential factor for normal
functioning of tissue. One more key factor limiting the
success of transplantation is the appearance of
ischemia in the fragments of ovarian tissue before the
moment of their revascularization. About 50% of
primordial follicles of general pool were shown to die
due to ischemic injuries, therefore the term of trans-
plant functioning reduced and the probability of fertility
recovery decreased [26, 40]. There are reported the
data about the possibility of application of different
substances with antioxidant properties during the
sampling of ovary tissue, for example vitamin E, as-
corbic acid, mannitol aiming to decrease the degree of
ischemic damage, but by now the most of these inves-
tigations were done in experimental animals [14, 41,
49]. In addition there are the data [31] that a rapid re-
vascularization of transplant may be stipulated by
growth factors (factor of fibroblasts, transforming
growth factor 3, vessel endothelial growth factor
(VEGF)) as well as the level of gonadotropins in the
organism. The introduction of exogenic gonadotropins
was shown to lead to the increase of endogenic VEGF,
improvement of transplant vascularization and follicular
development [31]. Recently a great attention has been
paid to the discussion of the prospects of using
hormonal maintenance scheme of pre- and postope-
rative stage, agonists and antagonists of gonadotropin
releasing hormone, exogenic gonadotropins and estro-
gen-gestagen drugs to optimize the transplant function-
ing, maximal preservation of ovarian reservoir and
fertility recovery. However, the results of investigations
directed to the increase of a transplant viability by
exogenic growth factors were not efficient so they
can not be used in clinical practice. Consequently, the
tasks associated with the selection of transplantation
place, providing of vascularization, growth and deve-
lopment of follicles as well as improvement of oocytes
quality have remained unsolved.

Conclusion

It could be concluded that cryopreservation and
transplantation of ovarian tissue is an intensively deve-
loping technology for preservation of women reproduc-
tive and endocrine functions. In spite of promising re-
sults presented in this review, the effectiveness of
this technology nowadays unfortunately is low, that
stipulate the extension of further investigations in this
field. The following questions need to be answered:
which structural or molecular injuries occur during low-
temperature preservation? Is full-value development
of gametes possible after freeze-thawing?
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50% npuMOpARATEHBIX (QOJTUKYIIOB OT OOIIETO ITyjia
rHOHET B pe3yjbTare HUIIEMHUYECKUX MOBPEKACHUI,
CJIEIOBATEIFHO COKPAIIAIOTCS CPOKH (DYHKITHOHHUPO-
BaHMS TPAHCIJIAHTaTa M yMEHBIIAETCs] BEPOSTHOCTD
BOcCTaHOBJIeHHA (pepTribHOCTH [26, 40]. 11 yMeHb-
LICHUS CTENEeHU HIIEeMHUYECKOr0 MOBPEKICHHS B
JTuTeparype oocyKaaeTcss BO3MOKHOCTh IPUMEHEHHUS
Pa3IMYHBIX BEIIECTB C aHTHOKCHIAHTHBIMHU CBOMCT-
BaMH BO BpeMs 3a00pa ()parMeHTOB TKaHU SIMYHUKA,
HarpuMmep BUTamuna E, ackopOMHOBOI KHCIOTHI, MaH-
HUTOJI4, OTHAKO OOJIBIIITHCTBO ATHX UCCIIEAOBAHUIA HO-
CHJIO DKCIIEpUMEHTAJIbHBIN Xapaktep [14, 41, 49].
Kpome toro, umerorcss gannsie [31], uro ObICTpoOii
peBacKyIsIpU3aLuy TPAHCIIAHTATa MOTYT CIIOCOOCT-
BoBaTh (akTopsl pocrta (dhakrop pudpobIacTOB,
TpaHCHOPMHUPYIOIIUH (PakTop pocrta 3, COCYIUCThII
suporenuanbhelii pakrop (VEGF)), a Takke ypoBeHb
TOHAIOTPOIIMHOB B opranu3me. IlokazaHo, 4To BBe-
JICHHE SK30T€HHBIX TOHAJOTPOIIMHOB PHUBOINT K yBe-
nudenuto sugoreanoro VEGFE, ymydmennio BacKys-
pu3aLuy 1 GOIUTUKYIISIPHOTO pa3BUTHUS TPAHCIIAHTaTa
[31]. B nocnennee BpeMst yaensercsl 3HaYUTEIbHOE
BHUMaHHE 00CYKIECHUIO ITEPCTIEKTHB HCITOJIb30BaHUS
CX€M TOpPMOHAITLHOM HOIEPKKH MPEI- U IOCIeorepa-
LMOHHOT0 3Tara: arOHUCTOB  aHTATOHUCTOB TOHAI0-
TPONMH-PETM3UHT-TOPMOHA, SK30T€HHBIX TOHAI0TPOIIH-
HOB ¥ 3CTPOTEH-T€CTAareHHBIX MPErnapaToB C IEIBI0
onTUMH3aK (YHKIIMOHUPOBAHMS TPAaHCIUIAHTATA,
MaKCHUMaJIbHOTO COXPaHEHUs OBapHalIbHOT'O pe3epBa
1 BoccTaHoBiIeHUs GpepTunbHocTH. OIHAKO pe3ybTa-
ThI UCCJIEIOBAaHM, HAIPABJICHHBIX Ha MOBBIIICHHE
KU3HECITOCOOHOCTH TpaHCIUIaHTaTa 3K30T€HHBIMU
(hakTopamu pocta, ObUTH HE 3PPEKTUBHBI, TTOITOMY
HE MOTYT OBITH HCIIOIB30BaHbl B KIIMHUYECKON MpaK-
tuke. ClenoBaTenbHO, BOPOCHI, CBA3aHHBIE C BBIOO-
POM MecTa TpaHCIUIaHTaIuH, 00eCTIeYeHHEM PEBACKY-
JISIPU3ALUH, POCTa U PAa3BUTHUS (QOJITHKYIIOB, a TAKKeE
yAY4ILIEHHEM KaueCTBa OOLIUTOB, OCTAIOTCS HEPELICH-
HBIMH.

3akia04eHne

Takum 0O6pa3oM, KPHOKOHCEPBUPOBAHHUE U TPAHC-
[JTaHTalKs OBapUajlbHOW TKAHU — MHTEHCHBHO pa3-
BHBAIOIIASCS TEXHOJIOTHS COXPAHEHUS PETIPOyKTHB-
HOW ¥ SHIOKpUHHOU (DyHKIMH )eHIuH. HecMoTps Ha
MIPUBEACHHBIC BBIIIIE MHOTOOOCIIAIOIINE PE3YIbTAThI,
K COKalleHHI0, 3P PEeKTUBHOCTH JAHHOW TEXHOJIOTUH B
HaCTOSIIIee BpeMs HEBEJIMKA, YTO 00y CIaBIMBAET pa3-
BUTHE TANBHEHUIINX UCCIEIOBAHUNA B 3TOU 00JIACTH.
Heo6xonumo 1ath OTBETHI HA CIIEAYIOMINE BOTIPOCHL:
KaKue CTPYKTYpHBIE MU MOJIEKYJISIPHBIE TTOBPEXK/Ie-
HUS TIPOMCXOMAT B MpOIiecce HU3KOTEMIIEPATyPHOrO
KOHCEpBHUPOBaHU:A? BO3MOKHO JI TOJTHOLIEHHOE pa3-
BHUTHE raMeT I0CIIe 3aMOpaXMBaHUS-0TOrpeBa’?

CoBpeMeHHBIE HaNpaBIeHHUS TPaHCILIAHTALUH
KPHOKOHCEPBUPOBAHHON OBapUaIbHON TKAHU BKIIIO-
YalT ONTHMH3ALMIO KaK IMPOTOKOJIOB 3aMOpakKMBa-
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Current tendencies in transplantation of frozen-
thawed ovarian tissue transplantation include optimi-
zation of freeze-thawing protocols and transplantation
technologies enabling to reduce post-transplantation
ischemic damages, preserve maximal pool of follicles,
determine an optimal amount of tissue for transplan-
tation for increasing the terms of transplant functioning
as well the site of transplantation for possible recovery
of fertility either natural or using [VF. Moreover, the
perspectives of low-temperature storage of ovarian
tissue are associated with the implementation in
laboratory practice of culturing of follicles in 3D scaf-
folds reconstructing the conditions for in vitro culturing
of the human follicles procured from frozen-thawed
fragments of ovary tissue [53, 54]. Thus, the develop-
ment of researches in the field of cryopreservation
and transplantation of ovarian tissue lead to the appea-
rance of new possibilities to restore the fertility at
pathologies of reproductive system of different gene-
sis.
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