Probl Cryobiol Cryomed 2020; 30(1):034-046
https://doi.org/10.15407/cryo30.01.034

YIK 611.631-018.1-085.1-089.843:57.086.13
B. Oenr', B.A. Kupeen?, K.B. MeneHnTtbeBa?®, N.®. KosaneHko?, A.B. Naxomos™™

MNMcTonoruyeckoe uccrniegoBaHue KPUOKOHCEPBUPOBAHHbLIX
HeoHaTanbHbIX CEMEHHUKOB KpbIC
nocrie MHTPaTeCTUKYIISIPHOM ansoTpaHCcnaHTauum

UDC 611.631-018.1-085.1-089.843:57.086.13
B. Deng’, V.O. Kireev?, K.V. Melentyeva?, |.F. Kovalenko?, O.V. Pakhomov?*

Histology of Cryopreserved Neonatal Rat Testes
After Intratesticular Allotransplantation

Pecpepar: KpuokoHcepBMpoBaHME W TpaHCMNaHTauus parMeHTOB WM KMETOK TECTMKYN WMCMONb3yTCA Mpu co3gaHum GaHKoB
repMonnasmbl MCYe3alolWmx BUOOB, MOPOA M NIMHWUA XMBOTHbIX. MMOMMMO 3TOro TpaHCMMaHTauulo MPUMEHSIIOT MpU UCCreaoBaHu-
SIX BPOXXAEHHBIX M NPUOBPETEHHbIX Ae(PeKTOB TECTUKYNAPHON TKaHW. B cBSA3M ¢ 9TMM HEOBXOAMMO YCOBEPLUEHCTBOBaHME CNocoOoB
KPVMOKOHCEPBUPOBaHNS U TpaHcnnaHTaumu. B gaHHol paboTe npoBegeHO CpaBHEHWE Pe3ynbTaToB MMCTONOTMYECKUX WCCEeLoBaHUN
annoTpaHcnnaHTauum HaTUBHbBIX U KPUOKOHCEPBMPOBAHHbLIX HEOHATArbHbLIX CEMEHHWUKOB. MokasaHo, YTO MUCMONb30BaHWE KOHTPONMPY-
EeMbIX CKOPOCTEN OXNaXAEHWUsI NPY KPUOKOHCEPBUPOBAHUM 1 3aLLMTHOTO pacTBoOpa Ha OCHOBE 5 Mr/MN Gbl4bErO CbIBOPOTOYHOIO arnb-
oymuHa; 0,05 M caxaposbl; 20 MM Hepes, 1,5 M gumetuncynbdokcmaa B kadecTBe kpuonpotektopa B cpege DMEM/F12 ¢ nocne-
OyloLLe MHTPaTECTUKYNAPHON annoTpaHCcnnaHTaume HeoHaTanbHOrO CEMEHHMKA KpbICbl CMOCOOCTBOBANO PasBUTUID MHTEPCTULMSA
M FePMUHATMBHOIO 3NUTENNS AOHOPCKOrO OpraHa B opraHvM3me peuunueHTa.

KntoueBble cnoBa: ceMeHHUK, MHTPaTECTUKYNSApHAs annoTpaHcnnaHTaums, KpMoOKOHCEPBUPOBaAHNE, UMMYHOCYNPECCUSl, UMMYHHast
NPVBUIErMPOBaHHOCTb.

Pedrepar: KpiokoHcepByBaHHA Ta TpaHCnnaHTauis parmMeHTiB i KNiTUH TECTiKyN BUKOPUCTOBYIOTBCSA MPU CTBOPEHHI BaHkiB rep-
Monnasmy 3HUKaYMX BWAIB, MOpPiA Ta MiHin TBapuH. KpiM TOro TpaHchmmaHTauilo 3acTOCOBYKTb Y AOCHIMKEHHAX BPOMKEHUX i Ha-
ByTnx AedeKTiB TECTIKYNAPHOI TKAHUHK. Y 3B’A3KY 3 LIMM HEOOXiAHMM € YAOCKOHaNeHHs CnocobiB KPIOKOHCEPBYBAHHS | TpPaHCMmaHTau;ji.
Y paHin poboTi NpoBedeHO MOPIBHAHHS pe3ynbTaTiB MiCTOMNOMYHMX AOCMIMKEeHb anoTpaHcnnaHTauii HaTUBHMX | KPiIOKOHCEPBOBaHMX
HeoHaTanbHMUX CiM'SiHUKIB. [NokasaHo, WO BUKOPUCTAHHS KOHTPOMbOBAHMUX LUBUAKOCTEW OXONMOMKEHHS Mif 4Yac KPIOKOHCEpBYBaHHS i
3aXMCHOTO PO34MHY Ha OCHOBI 5 mr/mn Gudavoro cupoBaTkoBoro anbbymiHy; 0,05 M caxaposu; 20 MM Hepes; 1,5 M gumeTtuncyne-
cokemay B AKOCTI KpionpoTekTopa B cepegoBuwi DMEM/F12 i3 noganbLUo iHTpaTeCTiKyNsSpHOK anoTpaHCcnnaHTalielo HeoHaTanb-
HOrO CiM’siHMKa LLlypa CMIpUsiNo po3BUTKY iIHTEPCTULIIO Ta repMiHaTUBHOIO eniTenito JOHOPCLKOro OpraHa B OpraHi3mi peuynieHTa.

Knro4yoBi cnoBa: ciM’'aHuK, iIHTpaTeCTiKynsipHa anoTpaHcnaHTaLis, KpioKOHCEepPBYBaHHS, iIMyHOCYMpECis, iMyHOMOri4YHa NpyBINenoBaHicTb.

Abstract: Cryopreservation and transplantation of testicular fragments and cells are utilized in establishing the germplasm bank
of endangered species, line-breeding of animals. Moreover, the transplantation of testicular tissue is involved into investigation of the
inborn and acquired defects of testicular tissue. Thus the improvement of cryopreservation and transplantation methods is of great
interest. Here, we have compared the findings of histological examination of allotransplanted native and cryopreserved neonatal testis. It
has been shown that the usage of DMEM/F12 supplemented with 5 mg/ml bovine serum albumin, 0.05 M sucrose, 20 mM Hepes,
1.5 M dimethylsulfoxide as a cryoprotectant, controlled cooling, preservation at —196°C, water bath warming, followed by intratesticu-
lar allotransplantation of neonatal rat testis results in the development of testicular interstitium and spermatogenic epitheliumbof
donor organs into recipient’ body.

Key words: testis, intratesticular allotransplantation, cryopreservation, immune suppression, immune privilege.

KprokoncepBupoBaHue TECTUKYISPHOW TKaHU
HCYE3aroIINX BUOB )KUBOTHBIX, & TAK)KE TOPOJI, UMe-
IOIIUX BAXKHOE CEIBCKOXO3SIICTBEHHOE 3HAYECHMUE,
HEOOXOOMMO MpU CO31aHMHM OAHKOB T'€PMILIA3MBI
[27, 33]. Ilocnenytouiee KyabTUBUPOBAHUE in Vitro
WM TPAHCIUIAHTALMIO TECTUKYIIIPHOM TKaHU IIpUMe-
HSIOT C LEJBIO MOJTYYEHHUs 3pPEibIX CHEepMaTOrOHU-
QJIBHBIX KJIETOK, CIIOCOOHBIX K OIUIOJOTBOPEHHUIO U

TOTOBBIX JJISI HUCIIOJIB30BAHUS B CCJ‘ICKI.II/IOHHOf/i pa-
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Cryopreservation of testicular tissue of endangered
animal species and breeds having a tremendous
agricultural value necessitates the establishment
of germplasm banks [27, 33]. Subsequent in vitro
cultivation and/or transplantation of testicular tis-
sue is applied in assisted reproductive technologies
and selection when mature spermatogonial cells
capable of fertilization are necessary to obtain [11].

Furthermore, the transplantation is used for breeding
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00Te uiK penpoayKTHUBHBIX TexHoiorusx [11]. Kpo-
M€ TOTro, TPaHCIIJIAHTALMIO MCIIONB3YIOT AJIs pa3Be-
JICHHUsI MYTAaHTHBIX WM TPAHCTCHHBIX JIMHHUN JKU-
BOTHBIX C JIETAJFHBIM MTOCTHATAIBHBIM (PEHOTHIIOM,
a TaxKe JUI UCCIIEOBAHUS BPOXKICHHBIX JIe(PEKTOB
TECTUKYISIPHOU TKaHU in vivo [27].

Ha cerognsiminuii J1eHb KPHUOKOHCEPBUPOBAHUE
TECTUKYISIPHOW TKaHHW TIepes] MPOBEACHUEM XHUMHU-
OTEpaIny paccMaTprBaeTCsl Kak OAMH M3 CIOCOO0B
COXpaHEeHUsI PePTHIILHOCTH Y OHKOJIOTHYECKHUX 00JIb-
HBIX IIpenyoepTaTHoro Bozpacra [35]. Y Takux 60ib-
HbIX B 30% ciy4aeB pa3BUBacTCsl OECILIONUE, CBS-
3aHHO€ C TOHAIOTOKCUYHOCTBIO TMpemaparoB [24].
Haubonee noctynubiM, 5 eKTHBHBIM H OOILIECTIPHHS-
TBIM METOJIOM COXPaHEHHUS MY)KCKOW (PepTHIIBHOCTH
SIBIISIETCS. KPHUOKOHCEPBUPOBAHHE CIIEPMATO30HI0B
[22]. Ognako nmns mpemnmyOepTaTHBIX TAIlUeHTOB,
Yy KOTOPBIX OTCYTCTBYET aKTHBHBIA CIiepMaToreHes,
MONTydeHHNe ISIKYJISITa HE TPEACTaBISETCS BO3MOXK-
HbIM [32]. DTO aKTyann3upyeT BOMPOC COXPAHEHHS
uX (epTUIBHOCTH ¥, COOTBETCTBEHHO, KayecTBa
KH3HH TMYTEM KPUOKOHCEPBHUPOBaHMS (pParMEHTOB
TOHa/I.

CoxpaHeHut (QparMeHTOB TECTHKYJ IIOKa3aHO
MOCTIYOEepPTaTHBIM ALMEHTaM, TIOCKOJIbKY JICUCHHE,
MpEIIECTBYIOIIEE XUMHUO- WM pajHOTEepanuud |
3II0Ka4€CTBEHHOCTh CAMOH OITYXOJIH, TIPUBOJIUT K a30-
ociepmun [5, 25]. Kpome toro, coxpanenue Qpar-
MEHTOB TECTHKYJ PEKOMEHIyeTCs OONBHBIM C CHC-
TEMHBIMH HWJIM TEMaTOJOTHYECKUMH TaTOJIOTHUSIMHI
(MuenonucIa3us, CEprOBUAHOKICTOUHAS aHEMHUS,
arulacTHYecKas aHeMHs, TalacCeMusi, FOBEHMIbHBIN
WINOTIATUYECKUH apTPUT, CUCTEMHasi KpacHas BOJI-
YyaHKa, CHCTEMHBIH CKJIep03, MMMYHHBIE ITUTOIIEHNN ),
KOTOPBIM TaKXke TNpeAnucaHa XumuoTrepanus [6].
KpuokoHcepBupoBanue roHag W WX (parMEeHTOB
MOKa3aHo ManueHTaM ¢ cuaapomom Kalingensrepa
[21], xpuntopxuzmom [ 18], nenenueit B AZF-nokyce
Y-XpOMOCOMBI, BBI3BIBAIOIIEH paHHEE pa3BHTHE a30-
ocnepmud [17], a Takxke nauueHTaM, KOTOPBIM MPe-
McaHa TOHAIPKTOMUS [13], TpaHCTEHAEPHBIM >KECH
IIMHAM, HE JOCTHUTIINM CIIEpMapxe, WU B3POCIBIM
TPAHCTEHJIEPHBIM JKCHIIMHAM, KOTOpPHIE HE XOTAT
[IpepHIBaTh TOPMOHAIBHYIO TEPaNHIo, OMAacasich Io-
SIBIIEHUSI BTOPUYHBIX MYKCKHUX TIOJIOBBIX TpH3HA-
koB [19].

TpaHcraHTanus KJIETOK M TKAHEH MY’KCKOU
MOJIOBOW JKEJIe3bl MOXKET OBITh HCIIONb30BaHA MpPU
JIEYEHUH TUIIOTOHAJM3Ma U Ul KOMIEHCAllUU aH[-
porennoro nedurura [4, 16].

B nacrosmee BpeMst He pa3paboTaH oOIHil TIpo-
TOKOJI KPHOKOHCEPBUPOBAHUS TECTHKYII U UX (par-
MEHTOB /ISl WCIIONB30BaHWS B MHPOBOW KIIMHU-
geckoil mpakTuke [23]. OgHaKo CyIIeCTBYET T0CTa-
TOYHOE KOJIMYECTBO HKCIEPUMEHTAIBHBIX JTaHHBIX
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the mutant and transgenic animals with lethal post-
natal phenotype and for investigation of inborn
defects of testicular tissue in vivo [27].

Currently cryopreservation of testicular tissue
before chemotherapy is considered as the way to
preserve fertility in prepubertal patients [35]. Such pa-
tients percentage suffer from infertility due to go-
nadotoxicity of antitumor drugs in 30 of cases [24].
The most available way of fertility preservation for
men is sperm collection and cryopreservation [22].
However, it is not an option for prepubertal patients
not having an active spermatogenesis [32]. This
makes relevant the issue of preserving fertility and
life quality in such patients via gonadal fragment
preservation.

The strategy of preserving testicular fragments
is also actual for postpubertal patients as far as the
treatment that precedes chemo- and radiotherapy
as well as the malignancy of tumor itself lead to
azoospermia [5, 25]. Moreover, the preservation
of testicular fragments is recommended for the
patients with systemic or hematological pathologies
(myelodysplasia, sickle cell anemia, aplastic ane-
mia, thalassemia, juvenile idiopathic arthritis, sys-
temic lupus erythematosus, systemic sclerosis, im-
mune cytopenia) for whom the chemotherapy is
also prescribed [6]. Cryopreservation of gonads
and their fragments can be also beneficial for the
patients suffering from Klinefelter syndrome [21],
cryptorchidism [18], deletion in the AZF-locus of
the Y-chromosome, causing early development
of azoospermia [17] as well as for those who
were prescribed with orchiectomy [13], for trans-
gender women not reaching spermarche or for ma-
ture transgender women, who not willing to interrupt
a hormone therapy because of fear of appearance
of secondary sexual characteristics [19].

Testicular cell and tissue transplantation can
be utilized for treatment of hypogonadism and for
compensation of androgen deficiency [4,16].

Up to date, no common protocol for cryopre-
servation of testes and their fragments has been
developed and introduced into world clinical prac-
tice yet [23]. However, there are lots of experimental
data on cryopreservation of human and animal
testicular fragments. Some researchers compara-
tively analyzed the cryoprotective media, among
which the most effective occurred to be the solutions
supplemented with dimethylsulphoxide (DMSO).
V. Keros ef al. [15] has proven the efficiency of
protective medium that contained DMSO, sucrose,
bovine serum albumin and some other components,
when using the programmable cooling, which
comprises the crystallization initiation at —8°C, gra-
dual cooling down to —80°C with varied cooling
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[0 KPHOKOHCEPBUPOBAHUIO (PParMeHTOB TECTUKYI
KMBOTHBIX M 4eJioBeKa. B psnme paboT mpoBeneH
CPaBHHUTENBHBII aHAJIW3 3allUTHBIX CPEN, Cpelnu
KOTOphIX Hambonee >(h(HEKTUBHBIM SIBISETCS pacT-
BOp, BKiroHaromuid pumeruicynbhokcun (IAMCO).
Tak, V. Keros u coaBr. [ 15] noka3anu 3¢ (heKTHBHOCTD
3amUTHOM cpenpl, BKmodarome JIMCO, caxaposy,
Obrumii  ceiBopoTouHblii ansOymuH (BCA) u Heko-
TOpBIE JIPYTMe KOMIIOHEHTBI, IPOrpaMMHPYyEMOro
OXJIQKJICHUS ¢ MHUIMAIMEH KPUCTaIIo00pa3oBaHus
npu —8°C, cryneHuaroro oxjaxiaenus m0 —80°C u
PasHBIX CKOPOCTEH OXJa)KACHHS B Pa3TUYHBIX TEM-
NepaTypHbIX MHTEpBajax C MOCICAYIOUIMM IOTpY-
KCHHEM M XPaHCHHEM B JKUIKOM a30Te. YCIELIHbIE
Ppe3yIBTaThl MPUMEHEHHS TIOI00HBIX CTIOCO00B KPHO-
KOHCEPBUPOBaHUS (ParMeHTOB TECTUKYT >KHBOT-
HBIX M YeJIOBeKa OBUIM TPEACTABICHBI B paboTax
Y. Baert u coaBt. [1], a Tarke K. Jahnukainen u
coasr. [12].

Crnenyer OTMETUTh, YTO CIIOCOOBI TONMYYCHHUS U3
KPHUOKOHCEPBUPOBAHHBIX (PParMeHTOB TECTHKYI
CIIEPMAaTOTEHHBIX KIIETOK, CIIOCOOHBIX K OIUIOJOT-
BOPEHHIO, HAXOIATCS Ha cTaauu paspadorku. IIpen-
JIOKEHO JTUIIb HECKOJIBKO SKCIIEPUMEHTAIBHBIX MO/
XOJOB TMOJYYEHUs] CIIEPMATOICHHBIX KIETOK: /03-
peBaHWE TECTUKYN in Vitro, ayTOTpaHCILIAaHTAIIHS
WIN peuMIUIaHTaus (parMeHTOB U KIETOK Tec-
TUKYJ TOCIIE XUMHO- WM PaJUOTEparii; KCEHOT-
paHCIIaHTanus (ParMeHTOB C TOCHEIYIOIIEH KC-
TPaKIMel 3pebIx criepMaTo3ouoB. OMHAKO 3perbie
CIIepMaTO30M/Ibl YEIOBEKa B YCIIOBHUSX JI03PEBaHUS
in Vvitro 1 KCEHOTPACIUIAHTAIIUN 10 CHX IOp IOJy-
4yeHbl He ObuTH [6, 10]. AyTOoTpaHCIUTaHTaUsS UMEET
PSI IPEUMYIIECTB MO0 CPAaBHEHHIO C JBYMsI BBHIIICY-
MOMSIHYTBIMH TIOJIXOAaMH, HO OHa HE NpPUMEHHUMa
JUIsL COXpaHEHUSI MCUE3arOINX BUAOB, TOPOJ U JINHUHA
JKUBOTHBIX, @ TAKXe IS HCCIIEOBAaHUS TECTUKY-
JISIpHOHM TKaHW in vivo. KpoMe Toro, mpu ayTrorpas-
CIUTaHTAIlMM BO3MOXKEH PHUCK TepeHoca TpaHchop-
MHPOBaHHBIX PAKOBBIX KJIETOK OoibHOMY [7-9]. Oc-
HOBHBIMH  HEJOCTAaTKaMH KCEHOTPAaHCIIAaHTAINN
TECTUKYJ SBISIOTCS BBICOKMH PHCK TEpeHoca WH-
(dexnuii OT OJHOTO BHJA XHUBOTHBIX JIPYyTOMY U OT
JKHUBOTHBIX YEIIOBEKY, DIIMTCHETHYECKUEC U3MECHEHHUSI
B TKaHH PELWIHEHTAa, a TaKKe HECOBMECTHMOCTb
ropMoHaNbHOTO (DOHA pernuIMeHTa u JoHopa [2, 9,
11], BBI3BIBAIOIIMMHU HApYLIEHHE CIIEpPMaTOreHe3a.
Crenyer OTMETUTb, YTO B HACTOSIILICE BPEMSI CYILIECT-
BYIOT €IMHHYHBIC PE3YJIBTaThl, MOCBSIICHHBIC a0~
TPaHCIJIAHTAMK (PArMEHTOB C LENBI0 TOIYYCHUS
CIepMaTO30MI0B JIISl PENPOAYKTUBHBIX TEXHOJIO-
TUA WM pa3BeieHWs MYTAHTHBIX W TPaHCTEH-
HBIX JIUHUHA JKABOTHBIX C JIETAJHHBIM ITOCTHATAb-
HBIM  (PEHOTHUIIOM. bBOJBIIMHCTBO HCCICIOBAHUH
MPOBENICHO C HCIOJIb30BAaHHEM HWMMYHOIEHUIIHT-

rates at certain intervals of temperature, subse-
quent plunging into liquid nitrogen and storage
at —196°C. The successful results of similar regi-
mens for animal and human testes cryopreserva-
tion have been shown by Y. Beart et al [1] and
K. Jahnukainen et al. [12].

It is worth noting that the methods, enabling
to obtain from the cryopreserved testicular frag-
ments the spermatogonial cells capable of fertili-
zation, are still in progress. There were several
approaches proposed such as: in vitro maturation
of testicular cells; autotransplantation or re-
implantation of testicular fragments and cells after
chemo- and radiotherapy; xenotransplantation of
fragments with subsequent extraction of mature
spermatozoa. However, mature human spermatozoa
have not been obtained yet by in vitro maturation
and xenotransplantation [6, 10]. Autotransplan-
tation has certain advantages comparing to in vitro
maturation and xenotransplantation but it can
hardly be applicable for preservation of endangered
animal species and in line-breeding as well as
for investigation of testicular tissue in vivo. Further-
more, there is a high risk of transferring the
malignant cells back to the patients [7-9]. The main
disadvantages of testes xenotransplantation are a
poor risk of infection transfer from one species
to another and from animals to human beings,
epigenetic changes in recipient’s tissue, as well as
the incompatibility of hormonal secretion of reci-
pient and donor [2, 9, 11] that may affect
spermatogenesis. It is important to emphasize the
scanty current data devoted to testicular fragment
allotransplantation for harvesting spermatozoa to be
applied in the assisted reproductive technologies
and for breeding the mutant and transgenic lines
with lethal postnatal phenotype. The majority of
researches has been performed using the immune
deficit animals [34] and/or auto- or syngeneic trans-
plantation of testicular fragments and cells [28].
This fact remains the issue dealing with allotrants-
plantation open.

This research goal was to compare the results of
orthotopic allotransplantation of native and cryo-
preserved neonatal rat testis.

Materials and methods

The experiments were carried out in white out-
bred male rats, housed in the animal facility of the Ins-
titute for Problems of Cryobiology and Cryome-
dicine of the National Academy of Sciences of
Ukraine. The experiments were performed in accor-
dance with the Law of Ukraine 'On the Protection
of Animals Against Cruelty' (No. 3447-IV of Feb-
ruary 21%, 2006), in compliance with the requirements
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HBIX KUBOTHBIX [34], HA MOAENAX ayTO- UM CUHTEH-
HOW TpaHCIJIaHTAaUUMH (PParMeHTOB M KIETOK Tec-
TUKYJ [28], 4TO OCTaBiIsieT OTKPBITHIM BONIPOC 00
WCTIOJIb30BAHUY AJIOTPAHCIIAHTAIINH.

Llens paboThI — CPaBHUTH PE3yIABTATHI OPTOTOIIH-
YEeCKOH ajTOTPaHCILIaHTAINY HATUBHBIX U KPUOKOH-
CEPBHUPOBAHHBIX HEOHATAFHBIX CEMEHHUKOB KPBIC.

MarepuaJibl 1 METOBI

OKCIEeprUMEHTHl BBINIOJHSIM Ha OeJbIX Oecro-
POIHBIX KpBICax-CaMIiaX, COAEP)KABIIUXCS B YCIO-
Busix BuBapusi Muctutyra mnpobnem KpuoOuoio-
run U kpuomeauuunsl HAH Vikpaumnsr (MIIKuK
HAH VYkpaunsl, . XapbkoB). DKCIIEPUMEHTHI OBbLIH
MIPOBEZICHBI B COOTBETCTBHH C 3aKOHOM YKpauHbBI
«O 3ammTe XKUBOTHBIX OT KECTOKOTO OOpaIeHHSD»
(Ne 3447-1V or 21.02.2006) ipu coOmtoneHUn Tpe-
OooBanmii Komurera mo Omostmke WMHCTHTyTaA, COT-
JIaCOBaHHBIX € MoJokeHUsIMU «EBporieiickoil KoH-
BEHIIMM O 3allWTe TO3BOHOYHBIX IKMBOTHBIX, HC-
MOJBb3YEMBIX JUISl OKCICPUMEHTAIBHBIX H JIPYTHUX
HayuyHBIX 1enei» (Ctpacoypr, 1986).

PenunuentaMu Tpu  TpaHCIUIAHTAIlMKM CEMEH-
HUKOB OBLTH B3pOCHbIE S5—0-MECSYHBIC CaMIIbI,
KOTOPBIX pa3deNwid Ha rpynmsl: | — TpaHcIuiaH-
tausa ¢ umMMmyHocynpeccueir (MC) HaTuBHBIX He-
OHATaNbHBIX CEMEHHHKOB; 2 — TpPaHCIUIAHTAIUS
0e3 MC HaTUBHBIX HEOHATAIBHBIX CEMEHHHKOB;
3 — Tpancmnantanus ¢ MC kpuokoHcepBUPOBaH-
HBIX HEOHATaNbHBIX CEMEHHUKOB 0e3 yaaJeHus
KpuomnpoTtekropa; 4 — Tpancmiantamus ¢ MC kpu-
OKOHCEPBHPOBAHHBIX HEOHATAJbHBIX CEMEHHUKOB
nociie pasmopaxkuBanus u ynaneaus [JMCO.

JloHopamu OBITH HOBOPOXJAEHHBIE KMBOTHBIE
B Bo3pacte n0 24 4. Opranbl HEMOCPEICTBEHHO
MOCJIe W3BJICYCHUS MTOMEIIAIN B KPUOAMITYJIBI 00be-
MoMm 1,8 mur («Nuncy, Jlanus) ¢ 1 M KprOKOHCEp-
BUpYIOLIEr0 pacTtBopa, conepxkamero 1,5 JIMCO
(«lammuacapm», Yrpauna); 0,05 M caxapossr (HITO
«Pearent», Poccus); 20 MM Hepes («Sigmay,
CIIA); 5 mr/mn BCA («Sigmay», CHIA) B cpeme
DMEM/F12 («Biowest», ABcTpus). Bpems skcmo-
3unuu cocraBsuio 10 mun npu temmeparype 4°C.
[Ipouenypy OXJaXIeHUS OCYIIECTBISUIN C TIOMO-
b0 MporpaMmupyemoro 3amopaxkusarenst 311-10
(OIT mpu UIIK mu K HAH VYkpauHbl) B HECKOJIBKO
9TanoB: 1 — OXJaXICHUE CO CKOPOCThIO | Tpaj/MuH
oT 4 no 0°C ¢ nocnenyromel TeMneparypHoi ocTa-
HOBKOM 5 MUH; 2 — OXJa@XICHUE CO CKOPOCTHIO
0,5 rpag/mun no Temmeparypsl —8°C ¢ mocienyro-
el TemrnepaTrypHoll octaHoBkoi 15 muH; 3 — 0X-
NMaxaeHue co ckopocteio 0,5 Tpam/MuH 10 TeM-
reparypsl —40°C ¢ mociemyromeil TeMreparypHoi
octanoBkoi 10 MuH; 4 — OXJIaXKICHHE CO CKOPOCTHIO
7 tpan/muH no temmeparypbl —80°C ¢ mocienyro-
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of the Bioethics Committee of the Institute for
Problems of Cryobiology and Cryomedicine of
the National Academy of Sciences of Ukraine,
agreed to the statements of European Convention
for the Protection of Vertebrate Animals Used
for Experimental and Other Scientific Purposes
(Strasbourg, 1986).

The 5-6-month male rats were used as recipients.
They were subdivided into groups: 1 — immune
suppressed animals were transplanted with neonatal
testes; 2 — animals were transplanted with neo-
natal testes without immune suppression (IS); 3 —
immune suppressed animals were transplanted with
cryopreserved neonatal testes without removal of
cryoprotective agent; 4 — immune suppressed ani-
mals were transplanted with cryopreserved neo-
natal testes (DMSO was removed after warming).

The 24-hour rats were used as donors. Immediately
after isolation the donor organs were placed into
1.8 ml cryocontainer (Nunc, Denmark) with 1 ml
of cryopreservation solution supplemented with
1.5 ml DMSO (Galychpharm, Ukraine); 0.05 M Suc-
rose (NPO Reagent, Russia); 20 mM Hepes (Sigma,
USA), 5 mg/ml BSA (Sigma, USA) in DMEM/F12
(Biowest, Austria). Donor testes were left for 10 min
at 4°C. Cooling was fulfilled with programmable
freezer ZP-10 (Special Designing and Technical
Bureau with Experimental Unit). Cooling included
a number of steps: 1 — cooling ramp, 1 deg/min
from 4 to 0°C followed by a S5-minute hold; 2 —
cooling ramp, 0.5 deg/min to —8°C followed by a
15-minute hold; 3 — cooling ramp, 0.5 deg/min to
—40°C followed by a 10-minute hold; 4 — cooling
ramp, 7 deg/min to —80°C followed by a 10-minute
hold; 5 — plunging into liquid nitrogen.

Samples were warmed at 36°C in water bath up
to a complete disappearance of ice. Group 3 animals
were transplanted with donor organs immediately
after warming without removal of cryoprotective
agent. Maximal dosage of DMSO made 0.5 pg/kg
of body mass. Group 4 animals were underwent
transplantation after the removal of DMSO from
grafts. To remove cryoprotective agent the organs
in cryopreservation solution were transferred into
15 ml test tubes and 500 pul of DMEM/F12 were
added to the test tubes every 2 minutes up to 5 ml
final volume.

Ischemia time was up to 10 min till native organs
were transplanted. In case of cryopreserved organs,
the time interval between warming (or DMSO
removal in group 4) did not exceed 10 min.

The transplantation was performed under general
anesthesia: 7.5 mg / kg of animal mass tiletamine
hydrochloride, 7.5 mg / kg of animal mass zolazepam
hydrochloride (Zoletil, «Virbacy, France), 20 mg / kg
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et temneparypHoil ocranoBkoit 10 muH; 5 — norpy-
JKECHHUE B KHUIKUH a30T.

OO0pasubl otorpeBaiu Ha BoasHOH Oane (36°C)
0 MCYE3HOBEHHS KPUCTAJUIOB JbJaa. JKHMBOTHBIM
IpyImnsl 3 TPaHCIJIAHTUPOBAIM OPraHbl, HEMOCpeN-
CTBEHHO B3AThbIE IIOCJIE€ OTOrpeBa, 0e3 OTMbIBAaHMS
OT KPHOIPOTEKTOpa. MakcuMalbHas BBOIUMAs NPU
TpaHCIJIAHTALMK pacdeTHas no3a guctoro JMCO
cocraBisuia 0,5 MKI/Kr Macchl KHBOTHOTO. Jlis
JKUBOTHBIX TPYINIbl 4 MPOBOIAWIN HPOLEAYpPY yaa-
JICHHUsI KOMIIOHEHTOB KPHUOKOHCEPBUPYIOIIETO pacT-
BOpa M3 JOHOPCKHX OpraHoB. J[ns sToro oprassl
BMECT€ C KPHUOKOHCEPBUPYIOIIUM PACTBOPOM IIe-
peHOCHIIM B MpoOupKy oObeMoM 15 M u ¢ uHTEp-
BasioM 2 MuH jnoOasisuin o 500 mxnx DMEM/F12
710 KOHEYHOro o0beMa 5 M. 3aTeM opraHbl epeHo-
cwi B pactBop DMEM/F12.

[Ipu TpaHcnIIaHTaUMK HATUBHBIX OPraHOB BPEMsI
HIIEMUN COCTaBIUIO He 6oiee 10 MuH, a TIpu TpaHC-
IJJaHTallMM KPUOKOHCEPBUPOBAHHOIO MarepHuaa
BpeMsI [TOCIIe OTOTPEBa OPTaHOB (MITU yIaJIeHHS KOM-
MMOHEHTOB KPHOKOHCEPBHUPYIOLIEH Ccpefbl B TPyII-
nie 4) ve npeBeimano 10 MuH.

TpancnaHTauo MPOBOAMIM MOA OOIIEH aHec-
Te3uei: 7,5 MI/Kr Macchbl KUBOTHOTO THJIETaMHUHA
THIPOXJIOpUAa; 7,5 MI/KI Macchl KUBOTHOTO 30Jia-
3ernama ruapoxiopuna (zomerun, «Virbacy, ®dpan-
uusi); 20 MI/Kr macchl XMBOTHOTO KCHMJIa3HHA TH-
npoxiopuna (cemasus, «Biowet», [lompmra). Ilepen
TpaHCIUIAaHTaLMe KOXy Ha Oploxe >KMBOTHOIO Jie-
suH(unrpoBamn 70%-M crnmproM, 3areM Jaeianin
BEPTUKAJBHBIM pa3pe3 KOXKU M MBI IepeaHen
OpromHON cTeHKHW. JIeBBIH CEeMEHHHMK aKKypaTHO
BBIBOJIMJIM HApyXy W XUPYPrU4eCKOW HIJION mox
MHUKPOCKOIIOM JIeNlaJIi MPOKoJI OeoyHoi 0001104-
KM, u30erasi MOBpexaeHus cocynoB. Uepe3 mpokon
MUHLIETOM IOMEIIalId JOHOPCKHE HEOHATaJbHbIE
CEeMEHHUKH (3—4 HeoHaTaJbHBIX CEMEHHUKA Ha Of-
HOTO PELUIIHMEHTA), 3aTeM OpraH aKKypaTHO MepeHo-
cuiu B OpromHyo nosnocts. Kpast OpromHoii mosno-
CTH YIIMBAJIX MOCIOWHO U Ae3uHumupoBanu 3%-m
pacTtBopoMm Hoja.

3a JeHb [0 TPaHCIIAHTALUM XMBOTHBIM IPYIII
1, 3 u 4 per os BBOIWIN pa3oByio 103y (20 Mr/KT
Macchl Tella) UMMYHOCYIIPEeCcCaHTa IMKIIOCIIOpUHA
(«DxBopam» Pharmaceuticals s.r.o., Yexwust). Ilocie
TpPaHCIUIAHTALUK 1038 LUKJIOCIOPHHA CHHIKAIIAChH
10 10 Mr/kr (exeqHeBHO, 6 THEH B HENEN0), 00beM
BBOJIMMOTO per 0S pacTBOpa COCTABIUT 1 MIL.

Jnst u3ydeHusl COCTOSHUSI TpaHCIUIAaHTaTa Ipo-
BOJMJIM TUCTOJIOTMYECKOE HCCIICI0BaHUE uepes 4 He-
JIeJIM IO cIIe ajuloTpaHcianTauuu. Ilockonbky naH-
HBIM CPOK HOCTaTo4eH sl (OPMUPOBAHUS CHEp-
MaTOLUTOB, 3TO IO3BOJIAET OLECHUTH CIIOCOOHOCTD
CIIEPMAaTOT€HHOTO SMUTEIINS K NPOIn(pepaii.

of animal mass xylazine hydrochloride (Sedazine,
Biowet, Poland). Abdominal skin was disinfected
before transplantation with 70% ethyl alcohol then
a longitudinal cut of skin and muscles of front
abdominal wall was done. Left testis was exposed
outside. After that the tunica albuginea was pierced
and the graft was placed into the testis parenchyma
through the puncture. Four testes of newborn rats
were used per one experimental animal. The left
testis with grafts was placed back into the abdominal
cavity. Finally, the muscles and skin were layer-
by-layer sutured.

Animals of groups 1, 3 and 4 were given a single
dose of cyclosporine (Equoral Pharmaceuticals s.t.0.,
Czech Republic) as immune suppressor (20 mg/kg
of animal body weight per os). After that the dosa-
ge was down-titrated to 10 mg/kg of animal body
weight daily (6 times per week). The volume of the
injected per os solution came to 1 ml.

Allografts were histologically examined four
weeks after transplantation. As far as the term is
sufficient for spermatocytes formation, the research
enabled us to assess the ability of spermatogenic
epithelium to proliferate.

Organs were fixed with 10% formaldehyde. Af-
ter dehydration and degreasing in alcohol and
xylene solutions, the organs were embedded in
paraffin. Paraffin sections were cut at 5 micrometer,
stained with hematoxylin and eosin, and fuchsine,
phosphomolybdic acid, aniline blue, orange G (Mal-
lory’s staining) for collagen, elastin and muscle
fiber detection. Histological samples were observed
with a light microscope Axio Observer Z1 (Carl
Zeiss, Germany). The preservation rate of grafts
was assessed and the presence of structural com-
ponents of seminiferous tubules, Sertoli cells and
spermatogenic epithelium was determined.

Results and discussion

Histological examination of neonatal testis sho-
wed that it consisted of immature seminiferous tu-
bules of 20-30 um diameter (Fig. 1A). Spermato-
gonia were located at the tubule center (Fig. 1B).
Primitive Sertoli cell and singular gonocytes/pros-
permatogonia were situated at the periphery of
seminiferous tubulesand close to the basal memb-
rane. The lumen of seminiferous tubules was absent.
Loose connective tissue was found in between
the seminiferous tubules. It occupied more than
a half of the area of cross-section. The bundles of
collagen fibers were occasionally located around
the tubules. Apart from neonatal testis the histolo-
gical structure of mature one showed considerably
larger diameter of seminiferous tubules about 250—
300 um (Fig. 1C). The mature Sertoli cells were
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Opransbl ’XUBOTHBIX (hukcupoBanu B 10%-m Heil-
TpanbHOM QopmanuHe. [locrne 00e3BOXKHMBaHHUS H
00e3KUPUBAHUA B pacTBOpax CHHMPTa M KCHJIONA
oprabel 3anuBanu mapaguaoMm. W3 mapauHOBBIX
OJIOKOB TOJyYalld THCTOJNIOTHYECKHE TIpenapaTsl
TOJILIUHONW OKOJIO 5—7 MKM, KOTOpbIE€ OKpalluBajIu
TeMaTOKCHJIMHOM M J03WHOM. J[OTIOTHHUTENBHO Tpe-
maparsl OKpamuBanud (ykcuHoM, hochopHOMOINO-
JICHOBOM KHCIIOTOW, aHUJIMHOBBIM CUHUM, OpaHkKe-
BoiIM G (mo Mamnopu) A BBISBICHHUS HaTMYUSA
B Ipernapare KOJIJIareHOBBIX, JJIACTHHOBBIX U MBI-
LIEYHBIX BOJIOKOH. [HcTOnormueckue oOpasipl Hc-
CJIEIOBAJI C TOMOILBI0 MHUKpockona «Axio Obser-
ver Z1» («Carl Zeiss», ['epmanns). OueHuBanu cre-
MeHb COXPAaHHOCTH TPaHCIUIAHTaTa, OIPENCISUIN
HaJW4ue CTPYKTYPHBIX KOMIIOHEHTOB CEMEHHOTO
KaHaJbIa, K1eToK CepToiau W TepMUHATHBHOTO STIH-
TENHA.

Pe3yabTaThl 1 00Cy:KAeHHE

[Ipu nccnenoBaHNM THCTOIOTHYECKON CTPYKTYPBI
HEOHATAJIbHOTO HATUBHOTO CEMEHHHMKa YCTaHOBJe-
HO, YTO OH COCTOSUI U3 3a4aTKOB CEMEHHBIX KaHallb-
ueB auametpoM 20-30 mxm (puc. 1, A). B uenrtpe
KaHaJIbl]a HaXOAWINCH criepMaroronuu (puc. 1, B),
Omke K nepudepun — NpUMHUTUBHBIE KieTku Cep-
TOJNH, NPHUKpPEIUICHHbIE K 0Oa3aibHON MeMmOpaHe, W
OZMHOYHbIC TOHOLUTHI/IPOCIIEPMATOTOHUH, MPOC-
BET KaHaJbIla OTCYTCTBOBaJ. Mexny KaHalbLaMu
pacronaranack peIxjias HHTEPCTHLHAIbHAS TKaHb,
KOTOpas. 3aHUMaja OoJblle MOJOBUHBI IJIOMIAIN
cpe3a. Bokpyr kaHaiplleB MeCTaMH pacroyiarajuch
ITyYKH KOJIJIar€HOBBIX BOJIOKOH. B oTnuume ot Heo-
HaTaJIbHOTO CEMEHHHUKA TMCTOJIOTHYECKas CTPYKTY-
pa 3penoro CeMeHHUKa MMella 3HAYUTEIBHO OO0lb-
Ui AuaMeTp ceMeHHbIX KaHanbleB 250-300 Mxm
(puc. 1, C). Ilo nepudepnn kanajbplia pacrojara-
ek 3pensie kinetku Cepronn, Gopmupyromme re-
MaTOTECTHUKYJSIpHBINA Oapbep. B ceMeHHBIX KaHalb-
[aX MPEeACTaBIEHbl BCE FeHEepallMd TepMUHATHBHBIX
KJIETOK: CIIEpMATOrOHUM, CIepMarouuTbl 1 u 2 mo-
PSAOKOB, CIEPMAaTHIbl U CIIEPMaTO30MAbl. KaHambIbl
OBUTH pa3/eNieHbl y3KUMHU TTOJIOCKaMHU XOPOIIO Bac-
KYJIIpU3MPOBAaHHOM MHTEPCTULMATIBHOM TKaHH, 3a-
MTOJTHEHHON WHTEPCTUIIMATBHBIMUA KJIETKaMu (KJIeT-
kamu Jleiura 1 UMMyHHBIMH KJIETKaMH), KOTOpbIE
IUIOTHO TpHWJIeragu Apyr K Jpyry. B mnTepcTuumu
TaK)K€ MPUCYTCTBOBAJIM KOJUIATEHOBBIE U JIIACTH-
HOBBIC BoJokHa (puc. 1, D).

UYepes 4 Henenu nocie TPaHCIUIAHTALMM HAaTHB-
HOT'O CEMEHHHKA Y )KHBOTHBIX I'pynIbl 1 oTMedanock
pa3BHUTHE JTOHOPCKOW TKaHW (puc. 2, A), nuamerp
€ro CEMEHHBIX KaHaubpleB cocTaBsul 80—-130 mMkm.
Mexay KaHampIaMH pacloiaranach HWHTEPCTHUIIM-
albHasg TKaHb, CTPYKTypa KOTOPOH ObLIa CXOmHA C
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found close to periphery and formed the blood-
testis barrier. Seminiferous tubules also represented
all generations of germ cells, i. e. spermatogonia,
primaryand secondary spermatocytes, spermatids,
spermatozoa. Seminiferous tubules were divided
by a thin layer of interstitial tissue which was well
vascularized and comprised the Leydig and im-
mune cells, which were closely adjacent to one
other. The interstitum had collagen and elastin
fibers (Fig. 1D).

Transplantation of native donor tissue in group
1 resulted in its development by week 4 (Fig. 2A).
The seminiferous tubules were of 80-130 um in
diameter. The interstitial tissue was situated inbet-
ween them. Its structure was similar to that of adult
animals. The majority of seminiferous tubules
had only Sertoli cells and spermatogonia. Some
tubules had spermatocytes. At the center of many
seminiferous tubules the lumen was clearly observed.
The formation of connective tissue and collagen
fibers occurred inbetween the tubules (Fig. 2B).

Animals of group 2 that did not get an immune
suppression had another histological appearance,
i. e. 80-90% of cross section was represented by
connective tissue (Fig. 2C). The tissue contained
very well structured collagen fibers (Fig. 2D).
The remaining part of the cross section showed
the degraded seminiferous tubules which had cal-
cifications at their centers.

There are many experimental data covering
immune privilege of testis in term of their ability
to prolong the graft functioning [36]. Immune
suppression induced by cyclosporine facilitated
graft survival and even maintained proliferation
of the spermatogenic epithelial cells up to the
spermatocyte formation stage. Of note is the fact
that in intratesticular transplantation it is possible
to reduce the dose of immune suppression, ho-
wever, the assumption has to be supported with
additional investigations to confirm. Cryopreserved
neonatal testis transplantation were further studied
using the immune suppression.

Figure 3, A and B represent the microphoto of
cryopreserved neonatal testis transplanted to the
animals of group 3 immediately after warming
without removal of cryoprotective medium com-
ponents. It was shown that seminiferous tubules
and spermatogenic epithelium were developing by
week 4 after transplantation of both native and
cryopreserved testes (Fig. 3A and C). Considerable
part of seminiferous tubules was lined with Sertoli
cells and spermatogonia. Some tubules had sper-
matocytes. No distinctions were found between
group 4 where cryoprotectant was removed and
group 3 where this was not done before transplan-
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TaKOBOM Yy B3POCIBIX JKUBOTHBIX. B OoJbIIMHCTBE
CEMEHHBIX KaHaJbIIEB PacMoONarajrch TOJIBKO KIIET-
ku CepTonu ¥ criepMaToroHny. B HEKOTOPBIX KaHAIIb-
ax HaONIOaTUCh CIepMaTolHTH. B 1ieHTpe MHO-
TUX KaHAJIBIEB OTYETIIMBO OIPEIEISICS TPOCBET,
a MEeXIy HUMH — (OPMHUPOBAHHE COCTUHHUTEIHHON
TKaHH U KOJUIAaT€HOBBIX BOJIOKOH (puc. 2, B).

Wnas kaptuHa HaOmIONANach y KUBOTHBIX TPYTI-
el 2 6e3 MC: oxono 80-90% mumomany cpesa TpaHc-

x > gl ”

i~ o i e .t - # . A hY — ¥ g
Pwuc. 1. T'ncTtonornyeckas CTpyKTypa MHTaKTHbIX HeoHaTtanbHbiX (A, B) n 3penbix (C, D) cemeHHMKoB Kpbic. OkpaluvBaHune

tation. An interstital tissue possessed some mature
traits. There was less amount of collagen fibers
comparing to the groups 1 and 2. Interstitial cells
were tightly adjacent to one another (Fig. 3B
and D).

The simplicity, low-cost, safety and reliability
are the requirements for a successful transplantation
and its implementation into practice. That is why
the approaches, simplifying the procedures of do-

3

reMaToKCUNMHOM v 303uHoM (A, C); dykcnHoMm, pochopHOMONMBAEHOBOM KNCMOTOW, aHUMMHOBbLIM CUHUM, OpaHxeBbliM G
no Mannopwu (B, D). St — cemeHHble kaHanbLa; | — uHTepcTuumi; Sc — knetku Ceptonu; Sg — cnepmartoroHum; Co — konna-
reHOBbIE BOMNOKHA (CMHME); Se — cnepMaToreHHbIn anMTennii; Spc — cnepmarounTsl; Spt — cnepmaTtugbl/cnepmarosonbl.

Fig. 1. Histological appearance of intact neonatal (A, B) and mature (C, D) testes. Staining: hematoxylin and eosin
(A, C); fuchsine, phosphomolybdic acid, aniline blue, orange G (Mallory’s staining) (B, D). St — seminiferous tubules;
| — interstitium; Sc — Sertoli cells; Sg — spermatogonia; Co — collagen fibers; Se — germinal epithelium; Spc — spermato-

cytes; Spt — spermatid/spermatozoa.

IUIaHTaTa Oblla HpPEACTaBleHA COEIUHHUTEIbHOU
TKaubio (puc. 2, C), BHYTpH KOTOPOH HaXOIUIIUChH
CTPYKTYPHPOBaHHBIE KOJUTAr€HOBBIE BOJIOKHA (PHC. 2,
D), ee ocranmpHas 4acTh — JerpagdpOBaHHBIMH Ce-
MEHHBIMH KaHQJIBLIAMH, B LICHTPE OCTaTKOB KOTOPBIX
chopmupoBacs KaJabIH(HUKAT.

[Tony4yeHo OombIIOE KOJIMYECTBO SKCIEPHUMEH-
TaJbHBIX IAHHBIX, CBHIETEIbCTBYIOIIUX 00 HMMY-
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nor organ preparation for transplantation such as
DMSO removal are of an evident advantage.

There are many scientific researches devoted to
the impact of DMSO on organism. This substance
has a very wide-spread clinical application in 10—
90% concentrations as anti-inflammatory remedy
that facilitates skin graft survival. Negative influen-
ces of DMSO were also described for humans [26].
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HOJIOTUYECKOH MPUBUWIETMPOBAHHOCTH CEMEHHUKOB
C TOYKH 3PEHUSI UX CIIOCOOHOCTH YBEJIMYMBATh CPOK
(yHKIMOHMpPOBaHUs TpaHcIUtanTara [36]. UMMyHo-
Cymnpeccusi, BbI3bIBacMasi LUKIOCIIOPHHOM, CIIOCO0-
CTBOB&JIa BBDKHMBAEMOCTH TPAHCIUIAHTAaTa U Jaxe
HojJiepKuBaga Ipoaudepaluo KIETOK TIepMHHA-

§
|
~ G A3
s
- e

Puc. 2. lnctonornyeckas CTPYKTYpa HaTUBHbIX HEOHAaTallbHbIX CEMEHHUKOB KPbICbl 4epe3 4 Hepenu nocne MHTPaTeCTUKy-

They range from mild nausea, diarrhea, fever, hy-
per- or hypotension to arrhythmia, encephalopathy,
renal failure and depressed respiration. Almost all
life-threatened effects of DMSO were described
for patients, treated for oncology or had insuf-
ficiency of bone marrow of various origins [30]. The

i

nspHon TpaHcnnaHtaumu. A, B — TpaHcnnanTat ¢ npumeHenuem VC (rpynna 1); C, D — TpaHcnnaHTaTt 6e3 npyMeHeHus
MC (rpynna 2). OkpalumBaHne reMmaTtokCUNnMHOM 1 303nHom (A, C); dpykcuHom, bocopHOMonMbaeHOBOW KNCMOTON, aHU-
NMHOBBIM CYHUM, opaHxeBbiM G no Mannopu (B, D). St — cemeHHble kaHanbua; | — nHTepcTUUMn; Sc — kneTtkm CepTtonu;
Sg — cnepmatoroHun; Co — KornnareHoBble BOSIOKHa (CMHUE); Se — crepmaTtoreHHbI anuTenuin; Spc — cnepMaTounThbl;
Spt — cnepmatugel/cnepmartosongbl; M — MmonaHble nepuTybynspHble knetku; L — npocseT kaHanbua; Ca — kanbundu-
Kauus kaHanbLa.

Fig. 2. Histological appearance of native neonatal testes after four weeks of intratesticular transplantation. A, B — graft of
native testes under immune suppression (group 1); C, D — graft of native testis without immune suppression (group 2).
Staining: hematoxylin and eosin (A, C); fuchsine, phosphomolybdic acid, aniline blue, orange G (Mallory’s staining)
(B, D). St — seminiferous tubules; | — interstitium; Sc — Sertoli cells; Sg — spermatogonia; Co — collagen fibers; Se — ger-
minal epithelium; Spc — spermatocytes; Spt — spermatid/spermatozoa; M — myoid peritubular cells; L — lumen of semini-
ferous tubules; Ca — calcification of seminiferous tubules.

TUBHOTO »muTeNus (1Mo KpaiHed Mepe JO0 CTaauu
criepmaronuta). CieayeT OTMETUTh, UTO TIPH WHTpa-
TECTUKYJIAPHOW TpAHCIUIAHTAIIMM BO3MOXHO CHH-
JKCHUC 03I MMMYHOCYIIPECCHUBHBIX IIPEIIapaToB.
OnHako Ui TOATBEPXKICHHUS JAHHOTO IPEIOJI0-
KCHUA HCO6XOI[I/IMO IMMPOBCACHUE OOIIOJIHUTECIbHBIX
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data about DMSO impact are very contradictory
because the patients underwent different type of
influences prior to transplantation. The pure singu-
lar dose of DMSO administered to human during
hematopoietic cell transplantation was 30-60 ml
or 0.5-0.8 g/kg of body weight. In neonatal testis
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uccienoBanuil. [lanpHeiilliee u3ydyeHUe TpaHCILJIaH-
TallM¥ KPUOKOHCEPBUPOBAHHBIX HEOHATAIbHBIX Te-
CTUCOB NPOBOJWIM ¢ Uctonb3oBanuem MC.

Ha puc. 3, A u B npencraBnena mukpodgororpa-
(us KPHOKOHCEPBHPOBAHHOTO HEOHATAIBHOTO Te-
CTUCA TPAHCIUIAHTUPOBAHOIO >KUBOTHBIM T'PYIIIbI
3 HEMOCPEACTBEHHO IOCIIE OTOTpeBa 03 yaaJIeHHs
KOMITOHEHTOB KPHUO3aIlIUTHOU cpenbl. BujgHo, 4dro
gepe3 4 HeIenu MOCye TPAHCIDIAHTAIIMN KaK HaTUB-
HOTO, TaK W KPUOKOHCEPBHUPOBAHOIO MaTepuara,
pa3BUBAINCh CEMEHHBIC KAHANBIBI M TePMHHATHB-
Hbli snutenuit (puc. 3, A u C). 3HayuTenbHas 4acThb
KaHAJIbLIEB BBHICTIIAaHA KileTKamu CepToiu U crepMa-
ToroHusiMu. HekoTtopble KaHalbLIbl UMETU CIepMa-

transplantation the dose made 0.5 pg/kg of body
weight. This is 2,000 time lower than maximally
allowed dose for a human, 1 g/kg of body weight.
The statement proves the safety of cryopreserved
testis use for transplantation without removal of
the components of cryoprotective medium.

Testis is well known to be a source of autoanti-
gens because the maturation and development of
spermatogenic epithelium occur after establish-
ment of systemic immune protection [20]. Testis
is evolutionary able to suppress possible immune
response towards its own antigens of spermatogenic
epithelium [3]. On the one hand, the result of
the process is a peripheral immune tolerance of

Puc. 3. 'mcTtonornyeckas CTpyKTypa KpMOKOHCEPBUPOBaHHBIX HEOHaTarbHbIX CEMEHHUKOB Yepes 4 Heenu nocrne uHTpa-
TECTUKYNSAPHON TpaHcnnaHTauun. A, B — TpaHcnnanTaT 6e3 yganexus kpuonpotektopa (rpynna 3); C, D — TpaHcnnaHTar
nocne yaaneHus kpuonpotekTopa (rpynna 4). OkpalumBaHue reMaTtoKCUITMHOM 1 303nHOM (A, C); dykcrHom, docopHO-
MONMGAEHOBOW KMCMOTON, aHUINMHOBLIM CUHWUM, opaHxeBbiM G no Mannopwu (B, D). St — cemeHHble kaHanbua; | — nHTep-
ctmumn; Sc — knetkn Ceptonu; Sg — cnepmatoronmmy; Co — KonnareHoBbIe BOMOKHA (CMHUE); Se — CnepMaTOreHHbIn anu-
Tenun; Spc — cnepmatoumTbl; Spt — cnepmatuasl/cnepmarosongsl; M — mrongHble nepuTybynapHble kneTkn. L — npoceet
kaHanbua; Ca — kanbuudurkaumsa kaHanbLa; Bv — KpoBEHOCHBIN cocya.

Fig. 3. Histological appearance of cryopreserved neonatal testes after four weeks of intratesticular transplantation.
A, B — graft without removal of cryoprotective agent (group 3); C, D — graft after removal of cryoprotective agent (group 4).
Staining: hematoxylin and eosin (A, C); fuchsine, phosphomolybdic acid, aniline blue, orange G (Mallory’s staining)
(B, D). St — seminiferous tubules; | — interstitium; Sc — Sertoli cells; Sg — spermatogonia; Co — collagen fibers; Se — germinal
epithelium; Spc — spermatocytes; Spt — spermatid/spermatozoa; M — myoid peritubular cells; L — lumen of seminiferous
tubules; Ca — calcification of seminiferous tubules; Bv — blood vesel.
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TonMThl. OTIMYMIA B THCTOJOTHYECKHX Tperaparax
KPUOKOHCEPBUPOBAHHBIX CEMCHHUKOB C YIaJCHUEM
KpuorpoTrekTopa (rpymnma 4) 1o cpaBHEHHIO C TEMH,
B KOTOPBIX KPUOIIPOTEKTOP He yhamsuics (Tpymmna 3),
He oOHapyxeHo. VHTepcTuIManbHas TKaHb WMela
XapaKTEePUCTUKHU B3POCIION: 3HAYUTEIFHO MEHBIIIEE KO-
JIMYECTBO KOJIAr€HOBBIX BOJOKOH IO CPaBHEHHIO C
TKaHbIO XKUBOTHBIX TPyNI 1 U 2, TWIOTHOE TpHJIeTaHue
KJIETOK MHTEPCTULMS APYT K pyry (puc. 3, B u D).

HeoOxoauMbIM yCIIOBHEM YCHEIIHOTO IPOBee-
HUS TPAHCIUIAHTAIIMU W BHEAPEHUS €€ B MPAKTUKY
SIBIISIETCSI POCTOTA, ACUICBU3HA, O€30MIaCHOCTh U Ha-
JIEXKHOCTh. 1109TOMY MOIXO/BI, KOTOpPBIE YIPOILAIOT
MIPOLIEAYPY MOTYUYCHHS OPTaHa JUIS TPAHCTUIAHTAIHH,
HanpuMep, UCKIIIOYCHHUE JTOTIONHUTEIBHOTO dTara —
ynanenue JJMCO, uMeroT SBHOE MPEUMYILECTBO.

CymecTByeT A0CTaTOYHO OOJBIIOE KOJHMYECTBO
paboT, MOCBAIMIEHHBIX HCCIEIOBAHHUIO BIUSHUS
JAMCO na opranm3m. J[aHHOE BEMICCTBO WMEET IIIH-
pOKOE KIMHUYECKOE MPUMEHEHHE B KOHIEHTPAIUIX
10-90% Kkak TPOTHBOBOCHAIUTENIEHOE CPEICTBO,
CIOCOOCTBYIOIIEE MPUIKUBICHUIO KOXKHOTO TpPaHC-
manTara. ONUcaHbl BO3MOXHBIE OTpULIATENLHBIE
BozneicTBusa JIMCO nHa opranusm uenoBeka [26]: oT
JISTKOUM TOUTHOTBI, TUAPEH, TOPSIUYKH, TUTIEP- WU TH-
MOTEH3HHU JI0 apUTMUH, DHIIe(ATONaTHH, TOYCIHON
HEJOCTATOYHOCTH W YTHETEeHHUs IbixaHus. [IpakTu-
YECKU BCE YTPOXKAOINIUE KU3HU MAIUeHTa dPPEKTHI
JAMCO onucaHbl pU TpaHCIUIAHTAIMHA KPUOKOHCEP-
BHPOBAHHBIX T€MATOMOITHIECKUX CTBOJIOBBIX KIETOK
MIpH JICYEHUH PA3HBIX OHKOJIOTHYECKHX 3a00IeBaHN
YW HEZOCTAaTOYHOCTH KOCTHOTO MO3Ta pa3jIMYHOTrO
npoucxoxkaenus [30]. Ilpu 3ToM maHHBIE O BKIIAne
umenHo JIMCO B orpunareibHbie MOOOYHBIE (-
(exThI BecbMa MPOTUBOPEYHBEI, IOCKOJIBKY OOJIbHBIE
MOJIBEPraJIuCh PA3HOTO pPoOJa BO3JCHCTBUSIM IEpes
TpaHcmanTanueid. Konnentpanus uncroro IMCO,
pa3oBO BBOAMMAS OOJNILHOMY TPHU TPAHCIUIAHTAIHH
reMaTOMOITUYECKUX CTBOJIOBBIX KIIETOK, COCTABIISET
30-60 mu wm 0,5-0,8 r/kr Maccel Tena. B crmydae
TPaHCIJIAHTAIIMM HEOHATaJhbHOTO CEMEHHHWKa /1032
JAMCO cootsetcTByeT 0,5 MKI/KT MacChl )KHBOTHOTO,
gT0 B 2000 pa3 MeHblIe, 4eM MaKCUMaJIbHO JIOTTYCTH-
Masi pa3oBas 7032 /i YesoBeka — 1 r/kr Maccel [14].
3TO 00CTOATENBCTBO J0KA3bIBAET 0E30MACHOCTD MC-
MOJIb30BaHMsI KPHOKOHCEPBHPOBAHHOIO CEMEHHHUKa
IpU TpaHCIUIAHTAMK Oe3 ynajeHus] KOMIOHEHTOB
KpHO3aIlUTHON Cpeabl.

M3BecTHO, UTO CEMEHHUK — UCTOUHUK ayTOAHTH-
T€HOB, ITOCKOJIBKY CO3PEBAHHE U Pa3BUTHE TepMUHA-
THUBHOTO TUTENHS TPOUCXOASIT TIOCIIE YCTAHOBICHUS
CHUCTEMHON UMMYHHOMU 3auThl [20]. DBOIIOLUOHHO
CEMEHHUK 0071a1aeT GYHKITUEH ITOIaBICHUS BO3MOXK-
HOTO OTBE€Ta MMMYHHOW CHCTEMBI IO OTHOIICHHIO
K COOCTBEHHBIM AHTHTECHAM TEPMUHATHBHOTO JITH-
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Uk, ™\ Y
Puc. 4. luctonornyeckasi CTpyKTypa CEMEHHUKOB peuu-
nMeHTa nocne TpaHcnnaHTaumm. A — ceMeHHoW KaHarney,
peuunueHTa, npuneralowmin K TpaHcnnaHTaTty; B — cnep-
MaToOreHHbI 3NUTENUI CEMEHHOrO KaHanblLa neBoro ce-
MEHHUKa (CEMEHHUK C TpaHcnnaHTatamu) peLunueHTa;
C - cnepmartoreHHbIi 3MUTENUA CEMEHHOro KaHarnbLa
npaBoro ceMeHHuka (cemeHHuK 6e3 TpaHcnnaHTaToB) pe-
uunueHTa. OKpalumBaHue remMaToKCUIIMHOM U 303MHOM.
St — cemeHHble kaHanbLa; Se — cnepMaToreHHbIn anuTe-
nvn; Spt — cnepmatuabl/cnepmaTtosovabl; B — coegunHm-
TeNbHOTKaHHas rpaHvua Mexay TpaHcnnaHTaTtoM u opra-
HOM peuunueHTa.

Fig. 4. Histological appearance of recipient testis after
four weeks of transplantation. A — seminiferous tubule of
recipient adjoining to the graft; B — germinal epithelium
of left testis (with grafts) seminiferous tubule of recipient;
C — germinal epithelium of right testis (without grafts)
seminiferous tubule of recipient. Staining: hematoxylin and
eosin. St — seminiferous tubules; Se — germinal epithelium;
Spt — spermatid/spermatozoa; B — connective tissue border
between graft and recipient organ.
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tenus [3]. Pesyaprarom 3TOro mporiecca sIBISIFOTCS,
C OZJHO CTOpOHBI, Nepudepruieckas UMMyHHas ToJie-
PaHTHOCTh MHTEPCTHLIMSI CEMEHHHKA 110 OTHOIICHHIO
K COOCTBEHHBIM aHTHUTEHAM, C JIPYTOH, — OTHOCHTEIb-
Has TOJEPAHTHOCTh 1O OTHOIICHWIO K aHTUTEHAM
TpaHCIJIAHTaTa, Ha3bIBaeMas HMMMYHOJIOTHYECKON
MPUBUIIETUPOBAHHOCTHIO [31].

Ba)kHO OTMETHTD, YTO HATUYHE ITepUdEePUICCKON
MMMYHHOH TOJIEpaHTHOCTH CEMEHHWKA HE O3HAYAeT,
YTO BOCIAJICHHE HE MOXKXET Pa3BHBATHCS B OMpeEe-
JICHHBIX YCJIOBHSIX. HapyleHuss ”MMyHOIOTHYEeCKHX
CBOMCTB CEMEHHHKa B pe3yJibrare HH()EKIUOHHBIX
MIPOLIECCOB, TPaBMBbl, XUPYPTUUECKOTO BMeEIIATEIb-
CTBa MOT'YT IPUBOJUTHh K OPXUTY — ayTOMMMYHHBIM
Iporeccam, HarpaBJleHHBIM Ha COOCTBEHHBIE T'epMHU-
HaTUBHBIC KJIETKH [29]. B ¢Bs3U € 3TUM MBI HCCIEA0-
BaJiil BIHMSIHUC TPAHCIUIAHTAIIMA HATUBHBIX U KPUO-
KOHCTCPBUPOBAHHBIX CEMEHHHUKOB Ha COOCTBEHHBIC
CEMEHHUKH PELUITUCHTA.

TpaHcraHTanus HEOHATAILHOTO CEMEHHHKA B
[IEJIOM HEe HapyImiaja MPOAYKIHUIO CIIEPMaTO30UI0B
COOCTBEHHBIMH CEMEHHBIMU KaHAJIbI[AMHU PEIHIIH-
eHTa (puc. 4). B ceMeHHBIX KaHaJbIAX, MPUJIETAIO-
IMX K TpaHCIUIAaHTaTy, HaOIIONaNoCh HapyIIeHHE
criepmaroreHesa (puc. 4, A), KOTopoe TIPOSBIISIIOCH B
BBIPKCHHOM CITYITUBAaHUH TEPMUHATHBHOTO DITUTE-
JIUSL ¥ BU3YaJIbHOM YMEHBIIIEHUN KOIWYECTBA 3PETbIX
criepMaro3ou0B. lncronormueckas KapTWHA KOH-
TpIaTepaIbHOTO CEMEHHUKA YXMBOTHBIX PELUITHCH-
TOB HE OTJIMYANach OT TAKOBOH Y MHTAKTHBIX KPBIC
(puc. 4, B, C). Jlannblii (akT CBUAETENLCTBYET 00
OTCYTCTBUY IF'€HEPATM30BaHHOIO Ay TOUMMYHHOTI'O T10-
paXKeHUs] CEMCHHHMKOB PEIUIIHUCHTA MPH TPaHCILIaH-
TallMd KaK HATHBHBIX, TaK U KPHOKOHCEPBHPO-
BaHHBIX CEMEHHHKOB.

BpiBoABI

[IpennoxkeHHBI PEXUM KPHUOKOHCEPBUPOBAHUS
HEOHATAIBHBIX CEMEHHUKOB KPBIC C HCIIOIB30BaHH-
eM cpenbl Ha ocHoBe JIMCO, caxapo3sl, ams0yMuHa,
o0ecrneunBa BRICOKYIO COXPaHHOCTh OpraHa, TpaHC-
IJIAHTHPOBAHHOIO HEMOCPEICTBEHHO MOCIIE OTOIPEBa
0e3 yaaJieHUs] KOMIIOHEHTOB KPHO3AIMTHON CpPEeIbl.
IToka3aHo, 4TO PE3yabTATOM HHTPATECTUKYISIPHON
AJUIOTPAHCIUIAHTAIIMA HEOHATAJIbHOIO CEMEHHHUKA
OBLIO pa3BUTHE JIOHOPCKOH TKAHHU C (POPMHUPOBAHUEM
CIIEpMATOMUTOB U UHTCPCTULI M.

INutepartypa
1. Baert Y, Van Saen D, Haentjens, et al. What is the best
cryopreservation protocol for human testicular tissue banking?
Hum Reprod. 2013; 28(7): 1816-26.
2. Chapman LE. Xenotransplantation, xenogeneic infections, bio-
technology, and public health. Mt Sinai J Med. 2009; 76(5):
435-41.

testicular interstitium towards testicular antigens.
On the other hand, there is a relative immune
tolerance regarding the graft antigens called as
immune privilege [31].

It is noteworthy that the existence of peripheral
immune tolerance does not mean the inability of
inflammation to develop as long as appropriate
conditions were provided. The disturbance of testis
immunity as a result of infection, trauma, surgery
may lead to orchitis, i. e. autoimmune process
directed at antigens of own germinal cells [29]. This
is the reason why we studied the impact of native
and cryopreserved testis transplantation on re-
cipient own testes.

Transplantation of neonatal testis in a whole did
not disturb spermatozoa production by seminiferous
tubules of recipient (Fig. 4). Seminiferous tubules
adjacent to the graft had mild impairment of
spermatogenesis (Fig. 4A) which manifested as
desquamation of spermatogenic epithelium and per-
ceptible decrease in the amount of mature sperma-
tozoa. The histology of contralateral testis did
not differ from that of intact rats (Fig. 4B, C). The
fact showed that transplantation of native and cryo-
preserved testis caused no generalized autoimmune
lesion of recipient testis.

Conclusions

The proposed method of cryopreservation for
neonatal rat testis that comprised the medium
supplemented with DMSQO, sucrose, albumin, ensu-
red high preservation of organ transplanted imme-
diately after warming without removal of cryo-
protective medium. It was shown that intratesti-
cular allotransplantation of neonatal testes resulted
in the development of donor tissue including sper-
matocyte and interstitium formation.
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