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1. Kahenpa 6€30MaCHOCTU TEXHOIOMMHECKMX MPOLLECCOB M NMPOU3BOACTB POCTOBCKOIO roCy4apCTBEHHOro
CTPOMTE/IbHOIO YHMBEpPCMTETa

MN3BeCTHO, 4TO pa3sHble CybKNacChl KNETOK TMMyCa MOTYT BbINMOJHATb Pa3/iMyHble MMMYHOOrn4Yeckne QyHKLUM. 3TO CBA3aHO
B 3HA4YMTEJIbHOWN CTEMEHN U CO 3PeJSIOCTbI0 TUMOLIMTOB. Y4YNTbIBaA Haan4dne gakta BoO3pacTHON MHBOIIOLNM TUMYCa U
CYLLLeCTBEHHYIO POJib BUJIOYKOBOW >KeJie3bl B CO3PEeBaHNN T-KJETOK, a TakXXe LWMPOKOoe NpMMeHeHne MOPCKUX CBMHOK B
KayecTBe Pa3/IMyHbIX SKCNEePUMEHTasIbHO-MMMYHOJIOrNYeCKUX Mogesiei, Lenbio NCCIef0BaHNS SBNISSIOCh U3yYeHune y
MOPCKUX CBUHOK Pa3/IMYHOro BO3pacTa KJIETOK BMJIOYKOBOM »Kee3bl HEKOTOPbIX CyBK1accoB, MMEKLWNX NMMYHOJI0rn4yeckoe
3Ha4vyeHue, y XXMBOTHbIX pa3HOro Bo3pacTa (nepsas rpynna - Bo3pacT 3-4 Hegenu, BTopas rpynna - cpegHuin so3pacTt 3
Mecsua). I3yyvanocb cogepXxaHue B TUMyCe 3TUX MOPCKMX CBMHOK TUMOLMTOB C peuenTopaMun K arrJIloTUHNHY apaxuca
(PNA+-kneTku); E-POK, noeHTMHOULNPOBaHHbLIX CMOHTaHHbLIM po3eTKoobpa3oBaHMeM C apuTpoumTamMmn Kponnka; EAC-POK - B
po3eTkoobpa3oBaHWM C 3PUTPOLMTAMUN KPOJINKA, MOKPLITbIX aHTUTENIaMU U KOMMIEMEHTOM; Tl -TUMOLINTOB -
po3eTkoobpa3zoBaHMeM C spuTpoumTamMm beika (EA-PO), HarpyxeHHbIMU IgM- ppakumein cneundruyecknx aHTUTeN, a Takxe
Ty KNIeTOK - po3eTKoobpa3oBaHUEM C 3puTpounTamm bblka, Harpy>xeHHbiMu IgG - ppakumein, cneunduHecknx aHTuTen.
MoKa3aHo, 4YTO OJ19 XapaKTepUCTUKN BO3PACTHbIX Pasanyni TMMyca MOPCKOM CBUHKM MOTYT NPUMEHSATLCA MeToabl
onpefesieHUs B BUJIOYKOBOW XeJle3e KJIETOK pa3JindHbiX CybK1accoB, MMeLWX UIMMYHOJIOrMYeCcKoe 3Ha4YeHne, B HaCTHOCTHU -
Ty-kneTok n PNA+-kneToK.

BBepeHue

B akcnepumeHTaneHoM BriomogenvpoBaHum HabnogaeTCcs HEKOTOpasa «crneunannsaunsa», T.e. NpenMyLlecTBeHHoe
NCMOJIb30BaHNSA XXMNBOTHbIX OAHNX BUAOB - AN OOAHMX LieSIel, XXMBOTHbIX APYrvMX BUAOB - AJIS APYrMX, YTO CBA3aHO C
LesieBbIM MPUMEHEHNEM 3TUX XKUBOTHbIX B CBA3U C NCMO/Ib30BaHMEM Pa3INYHbIX 3JIEMEHTOB X brnocncrteM. MopcKnx CBMHOK
4acTO MCMNONb3YIOT AN1F U3YYEeHUA annepruyecknx peakunin, a Takxe - ona nsyveHns aButammHosa C n tybepkynesa. Kpome
TOro, CTaTyC 340P0Bbs TabOPaTOPHbLIX XKMBOTHbIX, B TOM YUCJIE€ 1 MOPCKUX CBUHOK, SIBASETCS BaXKHbIM 3J1IeMEHTOM
Ka4yecTBEHHOro akcnepumeHTa [9]. TUMyC nrpaeT Ba)KHy0 pojib B CTaTyCe 340POBbS, ABMAAACL LEHTPasibHbIM OpraHom T-
3BE€Ha MMMYHHOM 3aWwnThbl [2,3].

M3BeCTHO, 4TO C B npoLecce oHToreHesa popMmumpyeTcs accounmpoBaHHoe

C BO3pacTOM (h13MOSI0rMHECKOE YMEHbLLEHNE KOJINYECTBa KJ1eTOK B TUMYyCe - BO3pacTHas nHeoaoumna [15]. B yacTHocTwn, y
MoJsI0BO3pesibiX KPbIC nopoabl Buctap oTHocuTenbHoe cogepxxaHme CD3 + - nMM@ouUNTOB B TUMYCE HECKOJIbKO BbIlUE, YeM
copep)xaHune 3TUX KJIeTOK B TUMyce KpbiC npenybepTaTHoro nepmnoaa. CD3 - oanH n3 mapkepos T-numdgoumntos [10].

BOKpyr KpyMnHbIX COCy0B B TUMYCE pacroJiaratloTcs pa3/indyHble TUMbl KI€TOK, B OCHOBHOM 3TO T-AIMM®MOLUNTLI, HO
BCTPeYaTCsa Takxe B-nuMdounTbl, NNasMaTUYeCcKne KIeTku, 303MHOMUIbl, HENTPOPUbI, TMCTUOLNTBI, Ty4YHble KneTkn [20].
Cpeav nonynaunin AMMGOLNTOB B TUMyCe obHapy>XeHbl FeEMONo3TUYeCcKme npepiectseHHnkn CD117+ v 3pensie CD4+ n
CD8+ T-kneTku [27].

Pa3Hble cybKnacchbl KNeTOK TUMYyCa MOMYT BbIMOJIHATb pPa3iMyHble UMMYyHOJIOrnyeckmne pyHKUuK. MNpeanonaratoT, 4To Ty-
AnMoounTbl ABNAOTCA T-cynpeccopamu, a Tu-nmmdoumnTsl - T-xennepamu [1]. Apyrne mapkepbl T-n1MMdoLnTOB MOTyT
CBNAETEeNbCTBOBATb O Pas/IM4HOM CTENeHN 3pesioCTu 3TUX KNeTok. B yacTHocTu, PNA t. T-numounTbl MeHee 3pesiblie, Yem
PNA™ - T-numcoumnTel [29].

LLenb uccnepoBaHus


https://new.jbks.ru/archive/issue-30/article-7
https://new.jbks.ru/authors/evstropov-vladimir-mihaylovich

XKuBble U BMOKOCHbIe CUCTEMbI EscTpornos B. M.
NMMyHonornyeckas xapakTepucTuka TuMyca y MOpCcKom
CBUHKM

YynTbiBas Hannyne pakTa BO3PaCTHON UHBOJIIOLMM TUMYCa U CYLLECTBEHHYIO POJib BUJIOYKOBOM Xefe3bl B CO3peBaHmmn T-
KJIETOK, @ TaKXXe LUMPOKoe NpuMeHeHNe MOPCKNX CBMHOK B KaYeCTBe Pa3/INyHbIX SKCNepMMeHTalbHO-MMMYHOOrMYeCKnX
MoZenei, Lenblo UCCNeoBaHUs ABASIOCh M3YYeHMEe Y MOPCKUX CBMHOK Pa3JfIMyHOro BO3pacTa KJETOK BUIOYKOBOW »Kenesbl
HEKOTOpPbIX CyOKacCcoB, MMEeLUX UMMYHOI0rM4Yeckoe 3HavyeHue.

MaTepuanbl U MeToAabl uccnepnoBaHuma

[Onsa peweHns nocTaBNeHHOW 3a4a4yn NCNOIb30BaAM 2 rpynnbl MOPCKUX CBUHOK. [epBas rpyrnna BKAOYaia XXUBOTHbIX
Maccon 190—225 r. (Bo3pacT 3—4 Henenn), BTopas rpynna - MOPCKNX CBUHOK Maccon 410—430 r (cpeaHun Bo3pacT 3
Mecsua). PaboTbl NpoBOANINCE B COOTBETCTBUN C PEKOMEHOALMSMUN MO COAEPKAHMIO N UCMOIb30BaHUIO B SKCNEPUMEHTe
nabopaTopHbIX XXUBOTHbIX [7].

M3Bs1Ie4EeHHbIN Y 3BTaHa3MPOBAHHbIX XXNBOTHbLIX TUMYC FOMOreHU3NpPoBaInN B CTEKJISHHOM FOMOreHn3aTope, romoreHaT
hnnbTpoBaAnN U OTMbIBaNIN LLeHTpudyrmuposaHnem B cpege 199.

TUMOLUWTBI C PeLLenTopaMm K arrioTUHUHY apaxuca (PNA t-kneTkun) onpeaensnm npyu noMoLLmM AaHHOro MapKepa,
MevyeHHoro ®UTL. E-POK naeHTudmnunpoBanm MeTo40M CMOHTAaHHOro po3eTkoobpa3oBaHUA C 3puTpoLMTaMn KPorKa, ANns
BbisiBneHns EAC-POK ncnonb3syemblie B po3eTKoobpa3oBaHMN 3pUTPOLUTLI KPOSIMKa NpefBapuTesibHO NOKPbIBAJIN aHTUTENaMu
n KomnnemeHTom [17]. Ona nHankaumm Ty n Ty-TUMOLMTOB CHa4ana BbIAEASIN U3 CYCMEH3MN TUMOLUUTOB T-KNeTKKU, NyTeM
po3eTKoobpa3oBaHUA KNeTOK TUMYyCa C 3pUTPOLMTaMM KPOIMKa C MOCAeAYOLWNM JIN3UCOM 3TUX 3pUTPOLMTOB. MoslyYeHHble
T-KNeTKN NCMOIb30Baan ANA BbiBIEHUA TU-KNEeTOK po3eTkoobpa3oBaHMeM UxX C apuTpoumTamn beika (EA-PO),
Harpy>XeHHoIMun IgM- hpakumnen cneundunyeckux aHTUTeN, a Takxe - A4 onpegeneHns Ty KeTok (po3eTkoobpa3oBaHmneM ¢
spuTpounTamm bblka, HarpyxeHHbiMu IgG - dpakunen, cneundunyeckmnx aHtuten) [1,4].

MpoueHTHOe copnep>xaHue E-, n EAC-POK onpenensanu B K1eTOYHOMN B3BECW, HAHECEHHOM Ha NpeaMeTHoe cTekno [5].
3TuK NnpenapaTbl PUKCUPOBAIN 3TUIOBLIM CMIMPTOM U OKpallmBanu no PomaHoBckomy-I'vm3a. MNony4vyeHHble Npu nogcyeTe
LaHHble cTaTUCTUYeckn obpaboTaHbl, LOCTOBEPHOCTb Pa3INYniA NoKa3aTeNlen onpeaensanacb B COOTBETCTBUU C t-kpuTepmem
CTblofeHTa.

Pe3yanaTb| UccsiefoBaHUA U UX chy)Kp,eHue

Pe3ynbTaTbl UCCNefOBaHMA MOKa3anan KoanyecTeeHHoe foMUuHuposaHue E-POK cpeam nsyvaemoix TumoumTos (Tabnuua
1), KonnyecTso EAC-POK 6b1710 He3HauuTeNbHbIM. Cpean CybKIaccoB TUMOLIMTOB Yalle onpeaensnnce PNA T-kneTku. Pexe
NaeHTUMOULMPOoBaNUCh Ty- U TU-KNETKN. MNpruMedaTesibHO, YTO Y MOPCKUX CBUMHOK Bosiee cTapLuero Bo3pacTa CHUXXaeTcs
cozlepXaHue B TUMyce kieTok cybknaccos Ty u PNA ™.

Tummnyeckue B-numdouunTbl MeoT heHOTUN 3pesibiX NN aKTUBUPOBAHHbLIX B-KNeToK 1 cocTaBnsoT npubansntensHo
nwb 1-2% Bcex KNneTok Tumyca [26]. CornacHo Tabauue 1 cogep>kaHue B TUMyce MOPCKUX CBUHOK EAC-POK,
XapakKTepu3lyeMmblX Kak B-kneTkun, Takke He3HauynTenbHo. MNpegnonaratoT, YTO B-KNeTKW B BUIOYKOBOW Xese3e y4acTBYIOT B
HeraTMBHOW CeNeKLMN ayTOpeaKTMBHbIX KJIOHOB T-kneTok [22].

Tabsanuya 1. Monynauymmn T- u B- KNIETOK TUMYyCa y MOPCKUX CBMHOK pa3/inyHoro Bo3pacta (M+m)

Ne rpynnebl EAC-POK E-POK TY-KNeTKun Ty
1 (=6) 0,83+0,34 51,1+1,37 3,33+0,61 4,
2 (=8) 1,13+0,13 64,1+2,24 6,38+0,78" 4,

MpumeyaHue: * - CTaTUCTNYECKU JOCTOBEPHOE OT/INYME MOKA3aTESS BTOPOU rpynmbl OT aHa/lI0rM4YHOro rnokasaTesisi nepBovi
rpynnsi (p < 0,05).
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B TMyce nponcxoamT hOpMMpPOBaHNE NPOCTPAHCTBEHHbLIX peuenTopoB T-nuMmdounTos [6]. Ans ocHoBHOM cybrnionynaunn T-
AMM@pounNTOB,aBT-KN1ETOK, KJTaCCUMYECKNM NyTeM ANDGPEPEHLNPOBKUN ABNAETCA TUMNYECKUIA. B TUMyce T-KNeTo4Hble
npepLecTBeHHUKN NpuobpeTatoT peuenTop ons aHTureHa (TCR) u, BCnencTBme 3TOro, MPOXoAAT NPOLLECChl KJIOHaIbHOM
cesiekumn, CBA3aHHbIe C 3IMMMHaLMEen NoTeHUNaIbHO ayTOPeaKTUBHbIX IMMGOLNTOB 1 obecneymnsatoLie ToONEepPaHTHOCTb
3penbix Nnepugepnyecknx T-KNeTOK K aHTUreHam cobcTBeHHOro opraHnsma [11]. Mem6bpaHHbIM MapKepoM, OTpa’kaloLnm
OCYLLECTBJIEHHYIO MONOXKUTENBHYIO cenekumto, apnaetca ana CD4+ CD8+ aBT-kNeToK 3KCnpeccns akTUBaLMOHHOMN
Mosiekysibl CD69. 3aTeM NpoMcxXoauT oTpuLaTesbHas cenekuns, npesoTepaLlatoLlas BeIXo B Nnepudepnyeckuin otaen
VMMYHHOW CUCTEeMbl NOTEHLMA/IbHO ayTOarpecCcmMBHbIX KneTok [19].

TuMnyeckas auggepeHumpoBka afT-KNETOK BKIOYAET Nocief0BaTesbHbIE 3Tanbl:
a) KOMMUTMPOBaHKE NOJIMMOTEHTHBIX KOCTHOMO3FOBbIX MPeALIeCcTBEHHUKOB K T-psaay;

6) bopMmpoBaHMe peLenTopa 4S9 aHTUreHa (peapaHxupoBka B-uenu TCR, obpa3oBaHue npe-TCR, HECKOIbKO BOJIH
KJIOHaJIbHON 3KCMaHCUKN, MHULMUPYEMOW curHanoMm c npe-TCR, ¢opMupoBaHue noaHoueHHoro TCR);

B) KJIOHa/IbHas cenekuust Ha ocHoBaHun TCR, npeanonaratowan oTbop T-KAETOK, Ppacro3HALWNX YY)KEPOAHbIE aHTUIEHHbIE
nenTuabl B KOHTEKCTE COBCTBEHHbIX

MOJIEKYJT F/TaBHOM0 KOMMJEeKCa rmcTocoBMeCcTumMocTu [21, 22].

MpumepHo 90-95% T-numMdounTOoB B Nepndepmnyeckon KpoBm cocTaBnaioT aBT-nMmMgoLmnTbl, KOTOpble pa3aensioTca Ha ABe
OCHOBHble cybnonynauun: 1-a — CD4+ obecne4ymBatoT pa3BmuTmne T-KJIETOYHOr0 UMMYHHOro oTeeTa (T-xennepsl), 2-9 — CD8+
ABNAIOTCA NPEUMYLLLECTBEHHO LNTOTOKCUYecKmmn [13].

OnddepeHumnposKa T-K/IETOK B TUMYCe XapaKTepusyeTcsa Ux PeHOTUNMNYECKUMU U3MEHEHNSAMI, NpeXXde BCero -
N3MEHEeHMEM 3KCnpeccumn mMeMmbpaHHbix Monekys CD4 n CD8: y paHHUX BHYTPUTUMYCHbIX NpeaLlecTBeHHNKOB 0be MoneKy bl
OTCYTCTBYIOT, Ha 60/lee Mo3gHelN CTaAnn OHM 3KCNPECCMPYOTCA OAHOBPEMEHHO, a nocaeayLwas auddepeHunpoBka
ConpoBoOXAaeTcs

yTpaTon ogHOro n3 mapkepos [24,25].

CDyHKLI,VIOHaJ'IbHaﬂ POJIb KNETOK TUMMNYECKOIro psaaa BKAKOYaeT N NpoayKUNO LNTOKUHOB, Npn4em HebonbLloe
KOJINYECTBO LNTOKNHOB MOIYyT CcekpeTupoBaTb He3pesble CD4 ™ n CD8™ kneTku-npepliectseHHukn (IL-2, IL-4, IL-7 n gp.).
Bonee 3pesible TUMOLUTLI heHoTuna CD4~ u CD8™ npoayumpyioT 6osblue UMToknHoB (IL-2, IL-4, IL-5, IL-10, IL-13 v ap.),
ocobeHHO TuMoumnTbl CD41 1 CD8™  (IL-2, IL-3, IL-4, IL-5, IL-6, IL-10, IL-13 v Ap.). [loCTaTO4HO 3pesible TUMOLMNTLI (heHOTUMNa
CD4™* n CD8%  cekpeTupytoT Masio LIMTOKUHOB (IL-4 1 Ap.), a Ha 3aBepLUaloLLEN CTaANN Co3peBaHNs y TuMoLnTos CD3 o cpg
* 1 CD8™ npoayKLMA LNTOKUHOB NpekpallaeTcs Boobile [18, 23]. YCTaHOBAEHO, 4TO, B CBOIO OYepeb CaMU LIMTOKMHbI, B
YacTHocTW, IL-1 1 IL-6 cnocobcTBytoT AnddepeHunposke CD4+-T-kneTok B Thl7, a IL-2 n IL-23 moaynumpytoT
onddepeHumposky Thl7, koTopble npoayunpytoT IL-17, 21, 22 [14].

OHTOb6MONIOrMYeCKUE NMPOLLECCHl CTapeHUst CoBNagaoT ¢ BUOornyeckum BospacToMm. icxonas us aToro, npouecc
CTapeHus B LLesIoM HeoHX0AUMO pacCMaTPUBaTb Kak U3MEHEHUS, XapaKTepn3yoLmne ypoBeHb aganTauumn opraHmsma K
YC/I0BUSIM CYLLLECTBOBaHWSA B pa3/iMyHble BO3pacTHble nepuoabl [14].

DKCNepuMeHTasbHbIE U KJIMHUYeCKe NCCieoBaHns B 061acT FepoHTONOrMmM NokKasanaun, YTo NepBoi U3 (hyHKLNOHaNbHbIX
CUCTEeM, NopaXkaloLLencs npu CTapeHnn, SBNSeTCs cucteMa uMmMyHuTeTa [12, 27].

Mpwn 3ToM cnefyeT OTMETUTb, YTO BO3PaCTHasA XXUPOBas MHBOJIOLNSA BUNTOYKOBOW Xene3dbl XPOHOJI0rnYecKkmn
CUHXPOHU3MpPOBaHa C BO3PaCTHOWN XXMPOBOW TpaHChopMaLMen KOCTHOro Mo3ra AJIMHHbIX TpyByaThix KOCTeln. B Tumyce, Kak 1
B KOCTHOM MO3re, BCerga CoXpaHaTCs CTBOJIOBbIE KNETKN, CNOCObHbIe Npu HeobxoanmocTu nponndepmnposaTb. CXoACTBO
BO3PaCTHbIX N3MEHEHUI TUMYCa M KOCTHOIro MO3ra npejnojlaraeT BO3MOXHYI0 06LLHOCTb perynsunmn, obycnosanBsaoLLyto
oba npouecca, N TeCHYI0 QYHKLUMNOHANbHYO CBSI3b Mexay TUMUKO-NTMM{aTUYECKON N KPOBETBOPHON cuctemon [8,28].
Mo3TOMy MOXXHO MofaraTbh, YTO BO3PaCTHbIE N3MEHEHUNSA TUMYyCa B CYLLECTBEHHOW CTEMEHN OTParkaloT M BO3PaCTHbIe
N3MEHEeHNA UMMYHMTETa B LLeSIOM.

3akn4yeHue
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Takum o6pa3oMm, s MUMMYHONOMMYECKOM XapaKTEPUCTUKM TUMYCa U ero BO3PaCTHbIX Pa3/iMynil y MOPCKOW CBUHKMN
MOryT NPUMEHATLCSA METOAbI ONpeaeeHNs B BUIOYKOBOWN Xene3e KNeToK pas/iMyHbiX CybK1accoB, MMeLwmnx
VIMMYHOJIOrMYeckoe 3Ha4YeHNe 1 XapaKTepPN3YIoLLMX ero MMMYHOJIOrMYECKY0 CTPYKTYPY, B 4acTHOCTY - Ty-kaeTok 1 PNA *-
KNIETOK.
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