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Effect of Intraportal Administration of Cryopreserved
Splenocytes on Thyroid Gland Tissue Allograft Survival

HccnenoBanu BAMsHNE HHTPAOPTAIBHOTO BBEACHHS KPHOKOHCEPBUPOBAHHBIX CIJICHOLMTOB Ha BBDKMBAEMOCTh AJIIOTPAHCIIAHTATa
TKaHH IUTOBHUIHOM jKeJie3bl. YCTAHOBICHO, YTO IIPU TPAHCILIAHTALUH (PAarMEHTOB TKaHH LIUTOBUIHOU JKeJe3bl IPU OTCYTCTBHU
UMMYHOCYIIPECCUH Ha 35-¢ CyTKH HaOII0IaeTCsl 0CTPOE OTTOPIKEHHUE aJNIOTPAHCIUIAHTAaTa, TOINA KaK BBEJCHUE CyCIICH3UU HATHBHBIX
CIUICHOLIUTOB JJOHOPCKOT'O IPOUCXOKACHHS B IOPTAJIbHYIO BEHY IICUCHHU PELIUITUEHTOB 3a 7 CyTOK JI0 aJUIOTPAaHCIUIaHTALlUH [IPOJIOHIUPYET
€ro BBDKMBAEMOCTb. [IpH HCHONB30BaHUH Pa3MOPOKEHHOM CyCIICH3UU CIUICHOLMTOB 3TOro 3ddexra He HabIIOAaeTCsl, BO3MOXKHO,
BCJIC/ICTBHE MTMMUHALIIH U3 Hee Makpo(aroB Mo AeicTBrEM (HaKTOPOB KPHOKOHCEPBUPOBAHMUS.

Kniouesvie cnosa: munToBuIHAS Kele3a, CITICHOLUTHI, KPUOKOHCEPBUPOBAHUE, aJIOTPAHCILIAHTALMS, JOHOP-crenudryeckast
TOJICPAHTHOCTb.

JocnimKyBaiy BIUIMB iHTPANOPTaIbHOTO BBEACHHS KPIOKOHCEPBOBAHUX CIICHOLIMTIB Ha BUKUBAHHS aJIOTPAHCIUIAHTATy TKAHUHH
IIMTOBHIHOI 3a51034. BcTaHOBIEHO, 1110 32 YMOB TpaHCIUIaHTALil pparMeHTIiB TKAaHUHHU U TOBUIHOT 3aJ103H IIPH BiJICY THOCTI iMyHOCynpecii
Ha 35-y 100y CrIOCTepiracThesi FOCTPE BiITOPTHEHHSI aOTPAHCIUIAHTATY, TOJI SIK BBEJICHHS CYCIIeH3i1 HATHBHHX CIUICHOLIUTIB JOHOPCHKOTO
HOXO/PKCHHSI B IOPTAJIbHY BEHY IeUiHKy 3a 7 110 /10 anoTpaHCIUIaHTAallii IPOJIOHTYE Horo BrkuBaHHs. [Ipy BUKOPHCTaHHI PO3MOPOXKEHOT
CyCHeH3ii CIUIEHOIMTIB IIbOT0 e(heKTy He CIIOCTEePiraeThCsi, MOXKIMBO, BHACIIIOK eliMiHalil 3 Hel Makpodaris i/ BILTUBOM (GakTopiB
KPIOKOHCEPBYBaHHSI.

Knrouogi cnosa: munToBuHa 3211034, CINICHOLUTH, KPIOKOHCEPBYBaHHSI, TOTPAHCIIAHTALlIS, JOHOP-CIe(iYHA TOICPAHTHICTb.

The influence of intraportal introduction of cryopreserved splenocytes on the survival of thyroid tissue allograft was investigated.
An acute allograft rejection after transplantation of thyroid tissue fragments in the absence of immunosuppressant for 35 days was
established, whereas introduction of native splenocytes of donor’s origin into portal vein of the recipient’s liver 7 days prior to
allotransplantation prolongs an allograft survival. This effect is not observed when using post-thaw splenocyte suspensions, probably

due to the elimination of macrophages under the influence of cryopreservation factors.
Key words: thyroid gland, splenocytes, cryopreservation, allotransplantation, donor-specific tolerance.

B coBpeMeHHO! KIIMHNYECKOH TPAHCIIAHTOJIOI MU
OCHOBHBIM CIIOCOOOM TIOZI€P KaHNS BBIKHBAEMOCTH
AJJIOTEHHOTO TPAHCIUIAHTATA SIBIISIETCS MTOKU3HEHHAS
MMMYHOCYyTIpecCHs. B CBS3M € TeM, UTO PUCK Pa3BUTHUS
CMEPTENBHBIX OCJIOKHEHHH MPH MpHUEME MMMYHO-
CYNpECCaHTOB OUEHb BEIHK [§], akTyanbHOM 3a1aueit
SBIISIETCA pa3padoTKa METOA0B MHIYKIMU crenndu-
YECKOW TOJEPaHTHOCTH K TPaHCIJIAHTATY.

OKcIepuMEHTaIbHO MOKAa3aHo, 4TO HHQY3Us Kile-
TOK JJOHOpA 33 HECKOJIbKO JHEW 10 aJlJIoTpaHCIIaHTa-
LMY OpTaHa OT TOTO K€ JOHOPA YMEHBILIAET BHIPAKEH-
HOCTh PEaKIH OTTOPYKEHUS, & B HEKOTOPBIX CIIydastxX
MIPUBOJUT K MEPMaHEHTHOW BBDKHUBAEMOCTH TPaHC-
IUTaHTarta 6e3 MpuMeHeHusI IMMyHocyTpeccuu [16, 17,
19, 21, 27]. D10 ABNEHNE NOIYUIIO HA3BAaHUE UHAYK-
uu goHop-crerududeckoi ronepantHoctu (JICT).

Mg vaaykuuu JICT npuMeHstoT KIETKH, MOTy4eH-
HBIE U3 TUM(OY3II0B, CENE3EHKH, KOCTHOTO MO3ra, I1e-
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In contemporary clinical transplantology the main
method for maintaining the survival of allogeneic graft
is live-long immune suppression. Because of a high
risk of development of lethal complications when tak-
ing immune suppressants [8], an actual task is the de-
veloping of the methods inducing a graft-specific tole-
rance.

It has been shown in the experiments that donor
cell infusion several days prior to allotransplantation of
the organ from the same donor reduces the manifesta-
tion of rejection response and in some cases leads to
permanent survival of the transplant with no applica-
tion of immune suppression [16, 17, 19, 21, 27]. This
phenomenon was called as the induction of donor-spe-
cific tolerance (DST).

To induce DST the cells obtained from lymph nodes,
spleen, bone marrow, peripheral blood [15, 17,27] are
applied. At the first stage the donor cells are injected
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pudepuueckoit kposu [15, 17, 27]. Ha nepBom 3Tane
BBOJAT JOHOPCKUE KJIETKH BHYTPUBEHHO UJIH B IOP-
TaTbHBIN KPOBOTOK IeUeHU 3a 7—14 mHel 1o TpaHc-
raHTanyu. Ha BTopom atane mpou3BoasIT TpaHCIUIaH-
TaIUIo0 OpraHa MiIi TKaH! OT TOTro ke JoHopa. MHorue
niporokosel nHAYKIMH JICT mpenmnonaratoT OBTOPHYIO
nHOY3HI0 TOHOpCKUX KieTok [19]. HecmoTpst Ha To,
910 Takoi MeToa qoctkeHus JICT akTHBHO UCIIOIb-
3yeTcs B OKCIIEPUMEHTAIBHON U KITMHUYECKON MTPAKTH-
K€ Ha MPOTSKEHUH MOCIEIHETO NECATHIIETHUS, IO CUX
[I0p HE TBITAJUCH MPUMEHITh B Ka4eCTBE WHIYIIH-
PYIOIIET0 areHTa KPpHOKOHCEPBUPOBAHHBIE KIIETKH.
KpunokoHncepBupoBanue JOHOPCKOro Ouomarepuana
[I03BOJISIET BBINOJHATH TPAHCIUIAHTALUIO HE B DKC-
TPEHHOM pPEeXXHMe, a TNIAHUPOBATH CPOKH OTIEpaIiH B
3aBHCHMOCTH OT COCTOSIHUS PELUTTUEHTA.

Panee Obuta moka3aHa Jydmiasi BBKHBAEMOCTD
(parMeHTOB SIMYHUKOB U IIUTOBUIHOH KeJe3bl KPhIC
[IpH AJUTOTPAHCIUIAHTALIMH TI0CIIE UH(PY3HUHU CTUIEHOIH-
TOB IOHOpCKOH tHMH [ 1, 2] . B nanHoi# paboTe n3yyanu
BO3MOKHOCTh IIPUMEHEHHS] KPHOKOHCEPBUPOBAHHBIX
KIIETOK cente3eHKH A1t uHaykimu JICT npu TpaHcIuia-
Tanuu GparMeHToB MUTOBHAHOH keme3bl (DIIK).

Lenpio paboTh OBUTO W3y4YeHHE BIMSHUS WHTpPaA-
[OPTaIBHOTO BBEAECHHUS KPHOKOHCEPBUPOBAHHBIX CILIE-
HOLIMTOB Ha BBIKMBAEMOCTH aJlJIOTPAaHCIJIAHTaTa
OIPK y THPEOUIPKTOMUPOBAHHBIX KPBIC.

Martepnanbl 1 meToAbI

OKCIEpUMEHTHI NPOBOJUIN B COOTBETCTBUU C
"OOmMMy TIPUHITUTIIAMA SKCIIEPUMEHTOB Ha KUBOT-
HEIX", omoOpenHsiMu 1V HarmonamsHBIM KOHTpECCOM
o 6uostuke (2010 1., KueB) u cormacoBaHHBIMU C
nonokeHusAMH “EBpomneiickoil KoHBeHIMu o 3ammure
[T03BOHOYHBIX JKUBOTHBIX, HCIIOIB3YyEMBIX JJIS IKC-
MIepUMEHTANBHBIX U APYTUX Hay4HbIX neneii” (Ctpac-
Oypr, 1986).

HUccnenoBanus npoBoauin Ha 3—4-MeCSIUHBIX KpPBI-
cax jguHHi Bucrap n ABryct. B skcneprmenTe Ob1tu
WCIOJIB30BaHbI CIIEAYIOIMNE IPYIIBI )KUBOTHBIX: 1 —
WHTAKTHBIHA KOHTPOIb (N = 5); 2 — C THpEOUAIKTOMHUECH
(n=14); 3 — c THPEOUPKTOMHUEH U TPpaHCIUIAHTALIUEH
OUPXK (n = 15); 4 — c BBeileHHEM HaTUBHBIX CIIJIEHO-
LIUTOB, TUPEOUIPKTOMUEN U TpaHcmanTamend GIIDK
(n = 10); 5 — ¢ BBeZIeHNEM KPHUOKOHCEPBUPOBAHHBIX
CIJICHOLIUTOB, TUPEOUAIKTOMHEHN U TPaHCIIaHTallueH
QUK (n=10).

Cru1eHOUMTHI TIOTyYally U3 CeNIE3€HKH KPhIC TMHUT
Bucrap o merony [4]. DpUTpOIUTHI yAAISIN TPEX-
KpaTHOW 00pabOTKOH JTH3UPYIOIIMM PAacCTBOPOM, CO-
nepxxanmM 154 MM xnopuaa ammonus, 10 MM 6ukap-
6onara narpus, 0,082 MM DJITA.

CrneHouuTs KPHOKOHCEPBHPOBAIN 1O METOLY
[11]. Kpuo3amuTHas cpeaa, IpUroToBjaecHHAst HA OCHO-
Be cpensl 199 (“PAA”, Asctpust), cogepxana 10%
AMCO u 25% deranpHoll Tensiubedl CHIBOPOTKH
(“buonot”, Poccust). CruteHOIIUTHI 3aMOpaKHBAITM Ha
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either intravenously or into liver portal blood flow 7—
14 days prior to the transplantation. At the second stage
the organ or tissue of the same donor is transplanted.
Many protocols for DST inducing include the repeated
infusion of donor cells [19]. In spite of the fact that this
method of DST achieving has been actively used in
experimental and clinical practice during recent dec-
ade till now there have been no attempts of using cryo-
preserved cells as an inducing agent. Donor material
cryopreservation enables the transplantation as not an
emergency case but as planned surgery depending on
the recipient’s state.

Higher survival of rat ovary and thyroid gland frag-
ments following allotransplantation after infusion of
donor line splenocytes has been shown recently [1, 2].
This research deals with the possible application of
cryopreserved spleen cells to induce DST during trans-
plantation of thyroid gland fragments (TGF).

The research aim was to investigate the effect of
intraportal introduction of cryopreserved splenocytes
on survival of TGF allograft in thyroidectomized rats.

Materials and methods

The experiments were performed according to
General Principles of Experiments in Animals, approved
by the 4" National Congress in Bioethics (Kiev, 2010)
and coordinated with the statements of European Con-
vention on the Protection of Vertebrate Animals Used
for Experimental and Other Scientific Purposes (Stras-
bourg, 1986).

The studies were carried-out in 3—4-month-old Wi-
star and August rats. In the experiment the following
groups of animals were used: 1 —intact control (n = 5);
2 — thyreoidectomized rats (n = 14); 3 — animals with
thyreoidectomy and TGF transplantation (n = 15); 4 —
introduction of native splenocytes, thyreoidectomy and
transplantation of TGF (n = 10); 5 — introduction of
frozen-thawed splenocytes, thyreoidectomy and TGF
transplantation (n = 10).

Splenocytes were isolated from Wistar rat spleen
[4]. Erythrocytes were removed with three-fold treat-
ment by lysing solution containing 154 mM ammonium
chloride, 10 mM sodium bicarbonate, 0.082 mM EDTA.

Splenocytes were cryopreserved according to Hem E.
[11]. Cryoprotective medium was prepared on the base
of medium 199 (PAA, Austria), and contained 10%
DMSO and 25% fetal bovine serum (Biolot, Russia).
Splenocytes were frozen with programmable freezer
(Cryoson, Germany) with 1 degree/min cooling rate
down to —40°C with following plunging into liquid ni-
trogen. Later they were thawed in water bath at 40°C,
afterwards cryoprotective medium was removed [23].

Viability of the obtained cells was examined by
trypan blue staining. It made in average 90% for na-
tive and 85% for cryopreserved suspensions.

Thyreoidectomy to the August rats was performed
according to Legach E.I. [5] 7 days prior to transplan-
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mporpaMMHOM 3amopakuBarene “Cryoson” (I'epma-
HUS1) CO CKOPOCTRIO oxJaxaeHus 1 rpan/mun 10 —40°C
C MOCJIEAYIOIUM MOTPYKEHUEM B XKUIKHH a30T. OTO-
rpeBalii Ha BOIsHOH OaHe mpu temrieparype 40°C,
[IOCJIE YETO CTYIEHYATO YIAJISIN KPHO3AIIHUTHYO Cpe-
ny [23].

Ku3HecrnocoOHOCTh MOTyYeHHBIX KIETOK ONpe/e-
JISUTY C TIOMOILBIO OKPAIIUBAHUS TPUITAHOBBIM CHHHM.
Omna cocrapisina B cpemaeM 90% st HatuBHOU 1 85%
JUTS KPHOKOHCEPBUPOBAHHOM CYCTIEH3HH.

Tupeon1PKTOMHIO KppIcaM JTHHUN ABTYCT ITPOBO-
JIAJTH TI0 MeToay [S] 3a 7 CYTOK /10 TpaHCIIaHTAIUH.
B oTH 5x€ CyTKM KMBOTHBIM Ipym 3 ¥ 4 B MOPTAIBHYIO
BeHy nedeHn BBOAMIIH 0,5 MiT GHM3HOIOTHYECKOTO PacT-
BOPA, COIEPIKAIET0 HATUBHBIE MM KPUOKOHCEPBH-
poBaHHbIE CIUICHOIUTHI (2X107 Ki1/MIT) TOHOPCKO#
nuHM Bucrap.

Uepes 7 cyToK y KpbIC JOHOPCKOM nMuHuu Buctap
3a0Upany IUTOBUAHBIE JKEJIE3bl, U3MENBIaN UX Ha
4-5 ¢parmenToB, oTMbIBaIn 3—4 pasa ¢usnosnoru-
YEeCKHM PacTBOPOM H TPAHCIUIAHTHPOBAJIH IO Karicy-
JIy JI€BOW TIOYKH KpbICaM JMHUHA ABTYCT.

Ha 35-e cyTku mocie TpaHCIUTaHTalliH )KUBOTHBIX
3a0uBai. BeDKMBaeMOCTh TpaHCIUIAHTATA OIICHHBAITH
IO IByM ITapaMeTpaM: ypoBHIO T4 B CBIBOPOTKE KPOBU
Y COXPaHHOCTH CTPYKTYpHI TKaH! TPAHCIUIaHTATa Ha
TUCTOJIOTHYeCKuX oOpaszuax. Oommii T4 usmepsin
PalMOUMMYHOJIOTHUYECKHUM METOAOM C MOMOIIBIO
tect-Hadopa Total T, RIA Kit (“Immunotech”, ®pan-
1ust). J1st THCTOI0rnYecKoro aHaau3a MOYKH ¢ TPaHe-
wrantataMu puxcupoBanu B 10%-m dopmanune u
3anuBany B napaduH. CepuitHbIe Cpe3bl TOMIIMHOM 5
MKM OKpaIIuBaJli FeMaTOKCHIMHOM U 303HUHOM. [ nic-
TOJIOTHYECKUE 00pa3Ibl UCCIEA0BaIN C MTOMOIIBO
mukpockona Olympus 70XI u makera
MPUKIIQIHBIX IPOTpaMM Juist 00paboT-

KU H300payKeHUsI.
AHanmu3 COXpaHHOCTH KJIETOYHBIX

tation. Simultaneously the animals of groups 3 and 4
were injected into liver portal vein with 0.5 ml physio-
logical solution, containing either native or frozen-
thawed splenocytes (2x107 cells/ml) of Wistar line do-
nors.

Seven days later thyroid glands of Wistar rat do-
nors were isolated, disintegrated into 4-5 fragments,
washed 3—4 times with physiological solution and trans-
planted under the capsule of left kidney to August rats.

To the 35" day after transplantation the animals
were sacrified. The graft survival was assessed by
two parameters: T4 level in blood serum and integrity
of graft tissue structure in histological samples. Total
T4 was measured with radio immunological method
by Total T, RIA Kit (Immunotech, France). For histo-
logical analysis the kidneys with grafts were fixed in
10% formalin and paraffin embedded. Serial sections
of 5 mm width were stained with hematoxylin and eosin.
Histological samples were studied by Olympus 70XI
microscope and the image processing software.

Cell subpopulation survival in splenocyte suspen-
sion after freeze-thawing was analyzed by means of
flow cytometry. The kit of antibodies used for analysis
is presented in the Table. Staining was performed in
accordance with the standard protocol [10]. Dead cells
were identified by 7-AAD (e-Bioscience, USA). Cell
fluorescence was measured with flow cytometer BD
FACS Calibur (BD Bioscience, USA) and analyzed
using CellQuestPro software.

The data were statistically processed using one way
ANOVA test, the differences at p <0.05 were consid-
ered as statistically significant. The data are presented
as a mean of the values obtained in 2 similar experi-
ments and measured in two parallel samples, =SE.

AHTHTENA U IPOTOYHOM HUTO(ITyOPHMETPHH

Antibodies used for flow cytometry

CyOnomyJIsIMii B CyCIIEH3HHU CIJIEHO- Oupna-
AHTHATEAO MurtieHb Konbrorat Kaou Wzorun - Bp "
OHUTOB MMOCJIC KPHOKOHCCPBUPOBAHUA Antibody Target Conjugate Clone Isotype pOPr?) d?ﬁire%
MPOBOJIAIIN C TIOMOIILBIO TPOTOUYHON
uurodryopumerpun. Habop anturedn, AntiRal 1y s odar Mouse | eBioscience,San
Macrophage Macrophage PE HIS36 IgG2a,k Diego,USA
HCIIOJIb30BAHHBIX ULl aHAIN3a, IIPE- Marker , ,
ctaBieH B Tabmune. OkpammBaHue i :
nvitrogen,Life
OCY]_I_[CCTBJ'IHJII/I B COOTBETCTBUHU CO Anti-Rat B-anmbonur PE 0X-33 Mouse Technologies
CD45RA B cell IgG1 Corporation,
CTaHapTHBIM IpoTokosoM [ 10]. Mepr- USA
BbI€ KJIETKH WUACHTU(UIUPOBATIHU C .
nomoinpto 7-AAD (“eBioscience”, Anti-Rat | r o pvcorpr - Ox8 Mouse | eBioscience,San
CD8a T cell IgG1 Diego,USA
CHIA). ®ryopeciieHIno KIETOK U3-
MepSUTH Ha TIPOTOYHOM ITUTO(ITyOpH- CD4 .

. « . Anti-RatCD4 | T-aunporrur - 0OX35 Mouse | eBioscienceSan
metpe BD FACS Calibur (“BD Bio- T coll IgG2a Diego,USA
science”, CILIA) u aHaIU3UPOBAJIH C

Secondary S
HCIIOJIb30BAHUEM IIPOTPaAMMHOTO F(ab)2 Anti- | Mouse IgG PE Polyclonal | DonkeylgG eBﬁgg”&gfm
obecrieuenus CellQuestPro. Mouse IgG '

CTaTI/ICTI/ILIGCKy'IO HAOCTOBCPHOCTH
JaHHBIX OOCHHBAJIX C IIOMOINBIO
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Ipumeyanne: PE — Gpukosputpun.

Note: PE — phycoerythrin.
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0IHO(AKTOPHOTO JUCTIEPCHOHHOTO aHaju3a, 10CTO-
BEPHBIMU CUHUTANINCH pasnnuus npu p < 0,05. JlanHble
MIPECTABIEHbI KaK CpEAHEE 3HAYEHNUH, MTOTyUYEHHBIX
B 2-X aHAJIOTUYHBIX 3KCIIEPUMEHTAX U U3MEPEHHBIX B
IBYX IMapaJjIebHBIX MPo0ax, + CTaHAapTHAS OIIHOKa.

Pe3yAbTaTel M 00Cy)xaeHue

YcTaHOBIEHO, U4TO Ha 35-€ CYTKH y THPEOUIIKTO-
MHPOBaHHBIX KPBIC (TpymIa 2) B CBIBOPOTKE KPOBH Ha-
6mromanock ymeHbleHne ypoBHs T4. 3HaueHust ypoB-
HsI TOPMOHA Y JKUBOTHBIX 3TOW TPYIIIHI KOJeOaInch
ot 15,3 10 26,1 amonb/11 (Meauana 19,6 HMOJIB/T). DTO
COCTaBJIsIO B cpeaHeM 27% OT ypOBHsS ropMoHa
uHTaKTHOM rpynmsl (p < 0,05), B KOTOpOil 3HAUCHHS
T4 Obmu B mipenenax 44,5—88,6 HMonb/1 (MenuaHa
75,1 HMONB/1T).

Y KUBOTHBIX Ipynmbl 3 Ha 35-€ CyTKH ypoBeHb 14
Obn B mpenenax 23,5-48,7 umons/n1 (Menuana
32,4 aMoitb/m). 3TO cocTaBisuIo B cpemaeM 46% oT
ypoBHA T4 y KOHTPOJIBHBIX KUBOTHBIX, p < 0,05.

B rpymmie 4 HaGnronasncst pa3dpoc ypoBHS TOPMOHA
ot 27,7 no 64,1 amoie/n (Menuana 49,4 HMOIIB/IT), 9TO
COCTaBJIAJNIO B cpenHeM 66% ot 3HaueHuil T4 y un-
TaKTHOTO KOHTpoud, p < 0,05.

VY KMBOTHBIX TpynIsl 5 ypoBeHb T4 Haxoaumucs B
npenenax ot 19,4 no 41,5 amone/n (Menuana
27,5 HMOIB/11), 9TO cOCTaBISLIO 4 1% OT KOHTPOIBHBIX
3HAYCHUM.

Takum oOGpazom, HauOOIBIINK ypoBeHb 14 Ha-
Omronascs B ra3Me KPOBH KPBIC, KOTOPBIM 3a 7 CyTOK
JI0 TPAHCIUTAHTAIlMU OB BBEJCHBI HATHBHEIE CITJIe-
HOIIHTEHI.

[Ipn ananm3e rUCTOIOTHYECKUX 0OpasloB MOYEK
C TPAHCIUIAHTATAMU XKHUBOTHBIX T'PYIIIBI 3 BEISBICHBI
SIBHBIC MPU3HAKU OTTOPXKCHUS TPAHCIUIAHTATA: WH-
¢unprpanus TUMQONUTAMH, TTOTHAS JIETpajaius
(hOJUTHKYIIIPHOTO CTPOCHUS TKAHH, 3aMEIIICHUE TKaH!
TpaHCIUIAaHTaTa COCTUHUTEILHOM TKaHbIO (puC. 1, a).

VY KHMBOTHBIX TPYMIEI 4 B 1€JIOM HaONIOIa1aCch
XOpOIIas BEHKUBAEMOCTh TPAaHCIDIAaHTAaTOB (puc. 1, 0).
Bunna coxpaHuBIIascs TKaHb IIUTOBUIHOM JKEJIE3HI,
coxeprxamasi (pONITUKYIBI, BRICTIAHHBIE BBHICOKHM
KyOM4YECKHM SIUTEITNEM U 3aII0JTHEHHBIE KOJIOUIOM
C BaKyOJIIMH PE30pOIUH. DTO SIBISICTCS TMPHU3HAKOM
TOPMOHOCHHTE3UPYIOIIeH (YHKINH TpaHCILIAaHTATa,
YTO MOATBEPKAJI0Ch MPUCYTCTBUEM 3HAYUTEIBLHOTO
ypoBHs T4 B CHIBOPOTKE KPOBH Y KPBIC 3TOW TPYTIIIHI.

l'ucronorunueckuii aHaau3 00pas3oB TPAHCIUIAHTA-
TOB TPYIIIBI 5 BBISIBUJI OTCYTCTBUE auiorpadToB ¢
COXpaHMBILEHCS TKaHbIO IUTOBUAHOM kene3bl. Ha-
OJIIONIAJIMCh TE KE TIPU3HAKH OTTOPIKEHHUSI TPAHCILIAH-
TaTOB, KaK M Yy )KUBOTHBIX TPYTIITHI 3.

Taxum o6pa3om, 1o ypoBHIO T4 B CBIBOPOTKE KPO-
BH ¥ COXPaHHOCTH CTPYKTYPBHI TKAaHH TPAHCIUIAHTATa
Ha TECTOJIOTHYECKUX 00pa3max Xopolas BEDKHBAE-
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Results and discussion

It has been found a decreased T4 level in blood
serum to the 35" day in thyroidectomized rats (group
2). The values of hormone level in animals in the group
varied from 15.3 to 26.1 nmol/l (median 19.6 nmol/l).
This made in average 27% of the hormone level for
intact group (p < 0.05), wherein T4 values were within
the range of 44.5-88.6 nmol/l (median 75.1 nmol/1).

In the animals of group 3 to the 35" day T4 level
was within the range of 23.5-48.7 nmol/l (median
32.4 nmol/l). This made in average 46% of T4 level in
the control animals, p <0.05.

In the group 4 there was observed the hormone
level dispersion from 22.7 to 64.1 nmol/l (median
49.4 nmol/l), making in average 66% of T4 values in
intact control, p <0.05.

In the animals of group 5 T4 level was within the
range of 19.4-41.5 nmol/l (median 27.5 nmol/l), mak-
ing 41% of the control values.

Thus the highest level of T4 was observed in blood
plasma of the rats, which were 7 days prior to trans-
plantation introduced with native splenocytes.

When analyzing histological sections of kidneys with
the grafts of the group 3 animals there were revealed
evident signs of graft rejection: infiltration with lympho-
cytes, complete degradation of tissue follicular struc-
ture, substitution of graft tissue with connective one
(Fig. 1a).

In the group 4 animals in a whole there was ob-
served a good survival of the grafts (Fig. 1b). There
was found the preserved tissue of thyroid gland, con-
taining the follicles, embedded with a high cubic epi-
thelium and comprised colloid with resorption vacuoles.
This is the sign of hormone-synthesizing graft func-
tion, confirmed with the presence of significant amount
of T4 in blood serum of this group rats.

Histological analysis of the samples of group 5 grafts
demonstrated the absence of allografts with a preserved
tissue of thyroid gland. There were found the same
signs of graft rejection as in the animals of group 3.

Thus based upon T4 level in blood serum and preser-
vation of graft tissue structure in histological sections
a good survival of TGF allografts was found only in
the animals of group 4, which were introduced with
native splenocytes. The cryopreservation of spleno-
cytes led to the cancellation of the prolonged survival
effect for TGF allografts. This result is in accordance
with the data of Hollander et al. [13], showed no in-
duction of DST after introduction of cryopreserved
cells.

At the following stage of the study the freeze-thaw-
ing effect on subpopulational composition of spleno-
cyte suspension was assessed. It is known that cell
suspension isolated from spleen in addition to erythro-
cytes contains B and T lymphocytes, macrophages,
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Puc.1. Tucronornyeckue odpasusl amutorpaprToB OIUK Ha 35-¢ cyTku mocne TpaHCIIAHTAIMU TOX Karcyily HOYKH
KUBOTHBIM SKCIIEPUMEHTANIBHBIX TPpyNIl: a —rpynna 3; 6 —rpymmna 4; K — Tkanb nouku, T — TkaHb TpaHCIUIaHTaTA.

Fig. 1. Histological samples of allografts of TGF to the 35" day after transplantation under kidney capsule of experimental
group animals: a — group 3; b — group 4; K — kidney tissue; T — transplant tissue.

MocTh amtorpagdToB LUK Obia ycTaHOBICHA THITH
Yy ®KHUBOTHBIX TPYNIbBI 4, KOTOPHIM OBLIM BBEICHBI
HaTHUBHBIE CIJICHOIIUTHL. KproKOHCEpBUPOBaHHUE CIIIIe-
HOLIUTOB IPUBOJMIIO K OTMEHE 3 HeKTa MPOIIOHTHPO-
BaHMA BeDKMBaeMocTH amnorpagprtos OIUDK. Dot
pe3yabTar coriacyercs ¢ JaHHbIMH pabotel [13], B
KOTOPO# Tarke oTMeueHo oTcyTcTBre nHAyKinu JCT
mocye BBeIeHUS KPHOKOHCEPBUPOBAHHBIX KIIETOK.

Ha cnenyromem stane paboThl H3y4ajoch BIIUS-
HUE KPUOKOHCEPBHUPOBAHUS Ha CyONOIMyIISIIIMOHHBIN
COCTaB CYCIIeH3HH CIUIeHOUnTOB. MI3BecTHO, 4TO cyc-
MEeH3Us KIETOK, KOTOPYIO MOIYy4aloT U3 CeJe3€HKH,
KpOME 3PUTPOLIUTOBR, CONEPKUT B- 1 T-1uMpouuTsI,
Makpodaru, AeHapuTHbIC KieTku [6]. [Ipu ucnosn3o-
BaHUM aHTUTEN K cleM(UIECKUM pelenTopaM pas-
JIMYHBIX CYyONOMYJIALHHN CIUIEHOLIMTOB C TOMOILBIO MPO-
TOYHOH HUTO(ITYOPUMETPUH ObLT IPOBEIACH CPABHH-
TeJIbHBIN aHAJIN3 HATUBHON U KPUOKOHCEPBUPOBAHHOM
CYCIEH3UN KIETOK.

Ha rucrorpammax (puc. 2) mpencTaBieHBl JaH-
HBIE, BBIPKAIOIIUE CTENICHB SKCIPECCHU Crieudyec-
KUX MapKepoB CYOMOMYJISAIUil KICTOK B HATHBHOW U
KPHOKOHCEPBUPOBAHHON CYCIIEH3HUX CITICHOLIUTOB.

B HatuBHOM CycleH3UU CIIEHOUUTOB 0K0I0 34%
KIIETOK 3KCIIPECCHPYIOT Mapkep B-miMdonnToB kpbic
CD45RA, 16% — mapkep IUTOTOKCHYECKHX T-IHM-
¢ouutoB CD8, 26% — mapkep T-xennepos CD4 u
3,5% — makpodaranbHblii Mapkep. [locne KprokoH-
CEepPBUPOBAHNSA OTMEYAIOTCS HEKOTOPHIE M3MEHEHUS
B CyOIOMyISIIMOHHOM COCTaBE CyCIIEH3UH CIIIICHOIH-
toB. KomnuectBo B-nmumdornuros u CD8" — T-num-
(ounTOB MpaKTUYEeCKH He u3MeHseTcs. KommuecTBo
CD4' — T-num(pOLMTOB YMEHBILAETCS B CPEIHEM Ha
20, a makpodaros — Ha 83%. Takum 00pazom, OCHOB-
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dendritic cells [6]. Keeping this in mind a comparative
analysis of native and cryopreserved cell suspensions
was performed using flow cytometry with antibodies
to specific receptors of different splenocyte subpopu-
lations.

The histograms (Fig. 2) represent the data on the
expression rate of specific markers of cell subpopu-
lations in native and cryopreserved suspensions of sple-
nocytes.

In native suspension of splenocytes about 34% of
cells express the markers of rat B lymphocytes
CD45RA, 16% have the marker of cytotoxic T lym-
phocytes CDS, 26% of cells possessing CD4 helper T
cell marker and 3.5% have macrophage marker. Af-
ter freeze-thawing there are found some changes in
subpopulational composition of splenocyte suspension.
The number of B lymphocytes and CD8" T lymphocy-
tes is almost not changed. The number of CD4" T lym-
phocytes decreases in average by 20%, and 83% of
macrophages are lost. Thus the main distinction con-
sists in a sharp reduction of macrophage subpopulations
in the suspension of splenocytes after freeze-thawing.

The available data of freezing effect on subpopulatio-
nal composition of the cells isolated from spleen are
quite contradictory. Some authors [3, 22, 26] report no
changes in antigenic properties of splenocyte suspen-
sion. Hem E. [12] established that spleen macropha-
ges are less resistant to freeze-thawing unlike lympho-
cytes. According to other data [7, 14] the post-thaw
survival and immune reactivity of splenocytes are re-
duced.

It is known that macrophages and dendritic cells
have a high sensitivity to cooling rate. Optimum of
macrophage and dendrocyte survival was found to be
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HO€ pa3Inyhe COCTOUT B PE3KOM YMEHBIIIEHHH CyOIIo-
OyJISUA Makpo(aroB B CyCII€H3UU CILICHOIUTOB
[IOCIIE KPUOKOHCEPBUPOBAHMSL.

B nayuHO# nuTepaType CyLECTBYIOT MPOTHUBO-
MIOJIOXKHBIE JTaHHBIE O BIUSHUU 3aMOpPaXUBAHUS Ha
CyONOMyISIIMOHHBIN COCTAB KJIETOK, MTOTy4aeMbIX U3
cene3eHku. B paborax [3, 22, 26] He oOHapyKeHbI
M3MEHEHUS aHTUT€HHBIX CBOWCTB CYCIIEH3UU CIUIEHO-
LIMTOB TIOCJIe KPHOKOHCEpBUpOBaHus. B pabote [12]
YCTaHOBIICHO, YTO Makpo(haru ceie3eHKH MeHee yC-
TOMYMBBI K MPOLECCY 3aMOPaKUBAHUSI-OTTaUBaHUS,
yem umdonuTsl. [1o qanuaeiM [ 7, 14] mociie KpuokoH-
CEpBHUPOBAHUS CHIDKAINCH COXPaHHOCTh U MUMMYHHasI
PEaKTUBHOCTD CIUICHOIUTOB.

W3zBecTHO, 4TO Makpodaru u IEHIPUTHBIE KIETKH
HMMEIOT BBICOKYIO UyBCTBUTEIBHOCTD K CKOPOCTH OX-
naxjenus. ONTHMYM BBKHBAEMOCTH Makpo(aros u
JCH/IPUTHBIX KJIETOK HAOIFOaCst P HCTIONb30BAHUH
CKOpoOcCTel oxnaxaeHus B quaraszone 0,3—5 rpany/MuH
[24, 25]. B HamMX 3KCIIEpUMEHTAX CKOPOCTh OXJIaX-
JIeHUs1 cocTaBisiia 1 rpali/MuH, 0JJHaAKO HaOIIOIaI0Ch
pe3Koe yMEHbIIIEHHE KOJTHMYeCTBa MaKpoQaros.

HecMotps Ha To, 4TO B IpaKTHKE KINHUYIECKON U
SKCIEPUMEHTAIBHON TPaHCIJIAHTAIUN UMEETCS
JOCTaTOYHO MaHHbIX 00 naaykmwu JCT mytem npen-
BApUTENHHOTO BBEICHHS TOHOPCKOTO aHTUTEHA B
OpraHu3M pElUNNEHTa, MEXaHU3M Pa3BUTHUS TOTO
SIBICHUS 10 KOHLIA HE BBIACHEH. M3BecTHO, 4TO Ha-
CTYIIJICHHE COCTOSIHHSI TOJIEPAHTHOCTH K TPAHCIIaH-
TaTy 3aBUCHUT OT MECTa BBEJCHHS TOHOPCKUX KIIETOK,
npu 3toM coctosHue JICT wame HacTynaer mpu
BBEJCHUU KJIETOK B MOPTAJbHYIO BEHY IEUCHHU, a HE
nepudepudeckue cocynsl [17, 20]. IIpeanonaraercs,
yto Mexanu3Mm passurtus JCT cBs3an ¢ ocoOeHHOC-
TSMU TIpOIIecca MPEe3SHTAIINH aHTHTeHA B TIEYSHH, B
YaCTHOCTH Makpodaramu nnedeHu — kiretkamu Kyrde-
pa [18], Tak Kak Ipu BBEICHUN XJIOPHIA TaTOTNHUS,
n30uparenbHO OJIOKUPYIONIEro QyHKIMIO Makpodaros,
nanykuun JICT He nabmiomaercs [9]. Pesynbrarst
JTAHHOTO MCCIIEIOBAHMS TTOKA3bIBAIOT, YTO DIMMHHA-
s MAaKpo(haroB U3 CYCIIEH3HUH KIIETOK, HCIIOJIB3YEMOM
s uanykinun I CT, Takke uMeeT 3HAYCHHE IS
peanuzanuu 3toro ¢peHomeHa. [lo-Bugumomy, mis
pasButus JCT BaxHO Hanmuune Makpodaros He
TOJIBKO PELMITHEHTA, HO M JOHOPCKOTO TIPOUCXOXKICHHS.

BbiBoAbI

AnnorpancrutanTanus OIIK 6e3 ummyHocympec-
CUH TIPUBOIUT K OCTPOMY OTTOPKEHHUIO TpaHCIIaH-
TaTa Ha 35-e€ CYTKH, TOTJ]a KaK BBEIEHHE HATUBHBIX
CIJICHOLIUTOB IOHOPCKOTO MPOUCXOXKICHUS B TOPTaJlb-
HYIO BEHY II€YCHH PELIUIUEHTOB 3a 7 CYTOK 10 aJulo-
TpaHCIUIAHTAIlUH TIPOJIOHTUPYET €r0 BEIKUBAEMOCTb.
IIpu mcnosb30BaHUM Pa3MOPOKEHHON CYCIEH3UU
CIUTEHOIMTOB 3TOr0 A(h(hekra He HabIromaeTcs, BO3-
MO’KHO, 32 CYET INMMMHHALIH U3 Hee MaKpo(haros moj
JeiicTBueM (akTOpOB KPUOKOHCEPBUPOBAHUSL.
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Puc. 2. Crenens 3kcnpeccun cnenn(puuecKux MapKkepoB B
CYCIIEH3HH KJIETOK, TI0JTydeHHO 13 cene3enku: O — kireTkw,
HE MOJIBEpraBIINecs 3aMOPaXKHBAHUIO-OTTauBauuio; [ —
3aMOpPO’KeHHBIC-0TOrpeThIe KieTkH. L{ndps Ha rucrorpam-
Max 0003HaYaroT IPOLEHT KIIETOK, KCIPECCUPYIOLIHX CIie-
uduyeckre MapKepbl, B BbIJIEJICHHOM perrone. [Ipencras-
JICHBI JaHHBIC 5 HE3aBUCUMBIX KCIIEPUMEHTOB.

Fig. 2. Expression rate of specific markers in spleen-derived
cell suspension: O — non-frozen-thawed cells; OO — frozen-
thawed cells. Numbers in histograms denote the percent-
age of cells, expressing specific markers in marked region.
The data of 5 independent experiments are presented.

within the cooling rate range of 0.3—5 degree/min [24,
25]. In our experiments the cooling rate made 2 de-
gree/min, but the number of macrophages reduced.
In spite of the fact that clinical and experimental
transplantology accumulated a vast volume of obser-
vations of DST induction by preliminary introduction
of donor antigen into a recipient organism, the mecha-
nism of this phenomenon development has not been
studied completely. It is known that onset of graft-tole-
rance state depends on the site of donor cells adminis-
tration, herewith the DST state more frequently starts
when the cells are administered into liver portal vein
and not peripheral vessels [17, 20]. It is supposed that
the mechanism of DST development is related to the
peculiarities of antigen presentation in liver, in particu-
lar, liver macrophages, Kupffer cells [18], since the
introduction of gadolinium chloride selectively block-
ing the function of macrophages prevents the DST in-
duction [9]. The results of our experiments demon-
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strate that elimination of macrophages from cell sus-
pensions, used for DST induction is also of some value
for implementing this phenomenon. Not only the pres-
ence ofrecipient's macrophages but of donor’s origin
can be of importance for DST development as well.

Conclusions

Allotransplantation of TGF without suppression
leads to an acute rejection of the graft to the 35™ day,
whereas the introduction of native splenocytes of do-
nor origin into recipient liver portal vein 7 days prior to
the allotransplantation prolongs its survival. When us-
ing frozen-thawed suspension of splenocytes this ef-
fect is not observed, probably due to the elimination of
macrophages due to the effect of cryopreservation
factors.

The author aknowledges Dr. E. I. Legach, Dr. TM. Gu-
rina, Dr. PM. Zubov and Dr. N.F. Gubina for the help in
performance of the experiments.
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