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HOW IMMUNE
MECHANISMS OPERATE

V. G. GALAKTIONOV

The short characteristic of
immune mechanismes,
including the structure of
immunoglobulins, the pro-
perties of T- and B-sys-
tems of immunity, the
cells’ interaction, the
interthymic differentiation
of lymphocytes is pre-
sented.

lpeactaBrieHO KpaTkoe
onucaHne OyHKYNOHNPO-
BaHUsI MMMYHHOM CUCTe-
MbI: CTPOEHUe UMMYHO-
rnobynuHoB, XapaKTep-
Hble ocobeHHocTn T- n B-
cuctem UMMyHUTETa, B3au-
mogenicTBMe UMMYHOKOM-
neTeHTHbIX KJIeTOK, OcC-
HOBHOW npoyecc BHYTPU-
TUMYCHON AunghchepeHLn-
POBKH.

KAK PABOTAET MUMMYHHAS
CUCTEMA

B. I'. TANIAKTOHOB

MockoBCcKui rocyfapCTBEHHbIN YHUBEPCUTET
um. M.B. JlomoHocoBa

[TpOHMKILNE B OPraHU3M Yy>KEPOJHbIE AHTUTEHBI!
(6akTepuu, BUPYCHI, TpaHCIJIAHTAIIMOHHBIC AHTHUTE-
HbI) TIPOBOLIMPYIOT 00pa3oBaHUe CTPOTO crnenurduye-
CKUX aHTUTeN* Wi (GOPMUPYIOT COOTBETCTBYIOILMIA
KJI0H TuMGo1uToB (cM. [4]). B ocHOBe cTOJIb OUeBU/I-
HOM (heHOMEHOJIOTUU JIeXKaT CJIOXHBIC, OTKPBITHIE
Juib B nmociaenqHue 15—20 net nmpouecchl. TpymHoCThb
HUX paciiM(ppOBKU COCTOsIA TJaBHBIM 00pa3oM B He-
00XOJIMMOCTH MOHSTh, 33 CYET KAKUX KOHKPETHBIX Me-
XaHU3MOB COOJTIOIAETCS CTporas CieuMUIHOCTb UM-
MYHHOTO OTBeTa.

UMMYHOINOBYJINHbI (AHTUTENA)

YV MJIEKOTIMTAIONINX, BKJIIOYas YeJI0BeKa, U3BECTHBI
IISITh KJIAaCCOB UMMYHOII00yIMHOB: IgM, IgG, IgA, IgD
u IgE. Kaxnplii K1acc o6i1amaeT CBOMMHU CTPYKTYPHBI-
MM 1 OMOJIOTUYECKUMHU CBoMcTBamMu (Tabi. 1).

HMMMyHOrm00y1MHOBasE MOJIEKyJia MMEeT Y4acTOK
(V-006macTh), KOTOPEIN B3aMOICIICTBYET C aHTUTECHOM,
U yyacTok (C-0061acTh), CBSI3aHHBINM ¢ (DU3MOJIOTUYEC-
KO akTUBHOCTBIO. [TogoOHBIE OCOOEHHOCTU Ompee-
JISIIOT (OYHKUMOHAIBHBIN [yau3M WMMYHOTJI00YI1-
HoB. Tak, Hanipumep, IgM un IgG moryT o61amaTh OMHOM
U TOH Xe cneHu(PUIHOCTBIO, HO IIPU 3TOM (DU3NOJIOTH-
YeCcKHe BO3MOXHOCTHU y HUX pa3Hble (cM. TaoJ1. 1). Kpo-
M€ TOTO, OTJIMYAIOIIMECS MO Crelu(UIHOCTA MOJIEKY-
JIBI OMHOTO M TOTO Xe Kijacca (omHa Ul aHTUTeHa A,
npyras misi aHtureHa B) xapakTepusyloTcsl oOIIMMU
(husnonornyeckMu CBONCTBAMU.

MMMyHOr100yIMHBI BCEX KJIACCOB ITOCTPOEHBI MO
o011eMy TulaHy. DTO MOXHO MPOWLIIOCTPUPOBATH Ha
npuMepe MoJIeKyisipHoil opranm3aunu IgG (puc. 1).
OH umeeT aBe Tsokenble nonunentunHeie (H) menm c
MoJIeKyJIsipHOi Maccoit okosio 50000 majbTOH U ABE
gerkue (L) uwenu ¢ MOJEKyJIsIpHOM Maccoil OKOJIo
23000 manbTOH, KOTOpble OOBEAMHEHBI B YEThIpEXIIe-
MOYEYHYI0 MOJIEKYJTy MOCPEICTBOM KOBAJIEHTHBIX M-
CcyIbOUAHBIX CBsI3el (—s—s—). Kaxnmast 1enb coaepKuT
BapuabesbHylo obnacts (V, u Vi ans L- u H-neneit co-
OTBETCTBEHHO)>, OT KOTOPBIX 3aBUCUT CIELU(PUIHOCTD

! AHTMTEeHBI — YyXKepOaHbIe ISl JAHHOTO OPraHNU3Ma BeLIecT-
Ba, CIIOCOOHBIC BbI3BaTh UMMYHHBII1 OTBET.

2 AHTUTeNa — 6EIKKM CHIBOPOTKU KPOBHU, CrieLpUIECKH Heil-
Tpaau3ylolle aHTUTEH, BbI3BABILMI X 0Opa3oBaHUeE.

’ BapuabesbHas 00JIaCTb — YYACTOK IOJMIIENTUIHON LIENU
WMMYHOTJIOOYJTMHOB, KOTOPBI B 3aBUCMMOCTU OT CIICII-
(uyHOCTM aHTUTEN MMeeT pa3Hyl I0CIeN0BaTebHOCTD
AMWHOKWCIIOT.
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Tabmmua 1. OcHOBHbIE (1)I/I3I/IKO—XI/IMI/I‘-IGCKI/16 ¥ OMoJIornyecKue XapaKTEPUCTUKH I/IMMyHOI"J'[O6yJ'[I/IHOB YEJIOBEKa

CBoiicTBO IgM IgG IgA IgD IgE
0O603HaueHue: H-uenu u Y o 9 €
L-uenn K unm A K uam A K unm A K uau A K unm A

MonekynsapHas hopmyna (W,Ky)s (1:K,) (a,K5),, (8,K,) (e)1,)
KonuuectBo nomeHoB H-1ienu 5 4 4 4 5
MonekynsapHas Macca (kJ1) 900 160 170 185 185
ConepxaHue yrieBoaos, % 11,8 2,9 7,5 1,3 1,2
KoH1iieHTpa1us B CBIBOPOTKE, MT/MJI 0,9 13,1 1,6 0,12 0,33
Hannyue J-nenu + - + - -
®Dukcalusi KOMIUIEMEHTa + + - - -
TpaHCOPT Yepe3 TUIALIEHTY - + - - -
Anre3ust Ha

Makpodarax - + - - _

JuMdonuTax - + _ - +

HeliTpodutax + + -

MOHOLIUTAxX - + _ - -

TYYHBIX KJIETKaX - + _ - +
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—ss— AUCY/bbUAHbIE CBA3M
m==m BapuabenbHas 06nacTb
C—— KOHCTaHTHas o06s1acTb

Puc. 1. CtpoeHue IgG. Monekyna nocTpoeHa us ye-
ThipeX NONNNENTUAHBLIX Lenen: apyx Tsxenbix (H-ue-
nei) n aByx nerkux (L-uenein), o6beaAMHEHHbIX B eau-
HYIO CTPYKTYPY AUCYNbPUOHBIMU CBA3AMU (—S—S-—).
Kaxpas uenb cooepxut BapuabesnbHyto o6nacts (Vy,
n V, ana H- n L-uenn COOTBETCTBEHHO) U KOHCTAHT-
Hyto (C), pa3aensioLyocs Ha roOMOJIONMYHbIE y4acT-
kmn: C,1, C,2, C,;3. L-uenb MMeeT 04MH KOHCTaHTHbIV
ydacTok (C). Undpbl ykasbiBatoT Ha NOPAA0K aMUHO-
KMCNOTHBIX OCTATKOB B Lenn. OTMe4yeHo MecTo npu-

coeauHeHns yrnesoaos K uenm

FAJTAKTUIOHOB B.I'. KAK PABOTAET UMMYHHASAA CUCTEMA

367
S
S
425

Yrneson

C,3

WMMYHOIJIOOYJIMHOB KaK aHTUTEJ, M KOHCTAHTHYIO
(C), pazmensiollyocsi Ha TOMOJIOTMYHBIE YYaCTKU:
Cyl, C,2, C,;3. L-uenb mMeeT ONVH KOHCTAHTHBIN yJa-
cTok. KaxnmpIii y4acTok TIpencTaBiisieT co0oif ToMeH
(3aMKHYTYIO, CKJIagJaTylo, IJIOOYJISIpDHYIO CTPYKTYPY),
MMEIOIINI BHYTPHUIIETILEBYIO —S—S— CBSI3b. M3 Bcex
MMMYHOIJIOOYJIMHOB HauOoJiee CI0XHO OpraHM30BaH
IgM. Ecnu IgG npencrapiser coboii OnHY CyObeAMHM -
11y, To IgM BKIIIOYAET MITh TAKUX CYyObEAUHUIL, Kaxnast
U3 KOTOPBIX 00bEANHEHA C COCETHUMM TUCYIb(MUIHBI -
MU CBA3IMU (—S—S—) U J-1IeTblo.

Pa3max BaprabeabHOCTY UMMYHOTJIOOYJTMHOB OYEHb
BEJIUK M HE BCTpEYaeTCs] HU y OHOTO U3 U3YYEHHBIX K
HacTosIeMy BpeMeHU 0enKkoB. Tak, V-IOMEHBI TsSoKe-
JIOW LIETH OJTHOTO KJIacca OTAUYAIOTCS APYT OT ApyTa Mo
10—50 aMMHOKHUCIOTHEIM octatKam. Ilepenm mMMmyHO-
Joramu co BpeMeH 1. Dpauxa Bcerma cTosu1 BOIPoC: ©
KaKMMM KOHKPETHO OHOJOTMYECKMMU IpolieccaMmu
CBsI3aHa CTOJIb IIMPOKasi U3MEHYMBOCTH (a ClieqoBa-
TEJIbHO, U CIeLU(PUIHOCTb) UMMYHOT100yInHOB? T1o-
YyeMy OJMH Y4aCTOK UMMYHOIJIOOYJIMHOBOW MOJIEKYJIbI
KpaiiHe JIabuJieH U MEHsIeTCsl OT Oesika K OeJIKy, a Ipy-
roit cronb ctabuieH? B 1959 romy m3BecTHEIN aBCTpa-
JUickuii ydeHblii M. BepHeT cBsi3aqm M3MEHYMBOCTH
WMMYHOTJIOOYJIMHOB C MPOILIECCOM COMAaTUYECKUX MY-
Taluii B TeHaX, KOHTPOJUPYIOIINX CUHTE3 3TUX OEJTKOB.
B ocHoOBe Takoro mocTpoeHus JexKaa U3BECTHBIN (PakT
BBICOKOI mposindepaTUBHOM aKTUBHOCTU JUMMOIIM-
TOB — obJiagaTesieli paboTaloIIMX UMMYHOLJIOO0YIMHO-
BbIX TeHOB. B pe3yibrare MOCTOSIHHOTO AEJIEHUS JIUM-
(ouaHbIX KIJIETOK, CBSI3aHHOTO C YIBOCHUEM TE€HOB,
MPOUCXOJUT OIIMOKA CYUTHIBAHUS MH(MOPMALIMU C Of-
HOT'O MMMYHOTJIOOYJIMHOBOT'O TeHa Ha Ipyroi (ommboka
B perumkanu JIHK).
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B 1965 rony amepukaHckue uccienonarenu Y. peii-
ep 1 [Ix. beHHeT BBIIBUHYJIA TUITOTE3Y, COTJIACHO KO-
TOpOii 3a 00pa3oBaHue CIeHU(PUISCKMX UMMYHOTJIO-
OYJIMHOB OTBETCTBEHHBI JBa T'€HA: OAUH — 3a CUHTE3
V-ob6nactu, apyroit — 3a cuHTe3 C-obnactu. [unoresa
“mBa TeHa — OIHA MOJMIICHTUIHAS 1Ielb” BBIIVISACIA
€peTUYHOM, TTOCKOJBbKY B TO BpeMs CYIIECTBOBAJIO
TBeproe yoexaeHUe, YTO ONUH IF'eH 00ecreynBaeT CUH-
Te3 TOJIbKO OTHOTO OenKa. TeM He MeHee cMelioe TIpel-
TTOJIOKeHNE aMEePUKAHIIEB HAIIJIO B HACTOSIIIEe BPeMsI
TOJTHOE TIOATBEPKIeHNE (C HEKOTOPBIMU JAOTIOTHEHUS -
Mu). OKa3anoch, YTO KJI€TKA MMEET 3HAUMTEIbHbII Ha-
60p V-reHos (6omee 500 ms V-06macTt TSKEI0M e
n 6osee 100 st V-o61acT JI€TKOM IEIH) M TOJIBKO I10
OIHOMY TeHY T KaXI0To Kjiacca, MoaKiIacca i Th-
na. B nmporecce co3peBanust 1uMbOLUTa TPOUCXOIUT
pPEeKOMOMHALIMST TEeHETMUECKOTO MaTepuaia Tak, 4TO
OIWH 13 COTeH V-TeHOB 00pa3yeT eanHbIN nHPOopMa-
LUOHHBIA KoMIuieKe ¢ C-TeHOM B BUIE CO3pEBIIEH
matpuuHoit PHK. 3rtor mnpoiecc pekomOuHaLuu,
COOCTBEHHO, M JIEXXUT B OCHOBE BapuaOeJbHOCTU (a
cJIeIoBaTeNIbHO, U CIIEM(MUIHOCTH) aHTUTEIT.

KNETKWN, TKAHU N OPIrAHbI
MMMYHHOU CUCTEMbI

Hu WU. Meunukos, uu Il. Dpnux He 3HamM, Ka-
KHe KJIeTKU MPOU3BOAAT aHTUTeNa. [IpenmnonoxeHue
M. MeyHuKOBa O TOM, YTO MMU MOTYT OBITH (DarOLIUTHI,
okazajioch olin6ouHbIM. Tosibko B 1948 rony miBenckast
nuccienoBaTeabHUIIa Parpeyc, aHATU3UPYsI KIETOYHBII
COCTaB CeJIe3eHKM WMMMYHU3UPOBAHHBIX KPOJIUKOB,
MPUIILIA K 3aKJII0YEHUI0, YTO AaHTUTEJOTIPOAYLIEHTaMU
SIBJISTIOTCSI  TIJIa3MOLIMTBI — TOTOMKHU JIMMOIIMTOB.
Ilo3maee mmMyHoorn pas3Hbix crpaH: Kyre, Hoccain,
Epue, Hopaus (1950—1963 roasr), pa3paboTaB METOIBI
omnpenesieHus] aHTUTE HeMNoCPeNCTBEHHO B KIETKe,
OKOHYATeJIbHO TOATBEPAMIN 3aKJIIOUYEeHUE IIBEICKOMN
HCCIeNOBaTeIbHUIIBI.

B pesynbraTe nMoHepcKux uccienoBaHuit Musuiepa
(1962 rom) mo ymajeHWI0 TUMYCa Y HOBOPOXIEHHBIX
MBbIIIEl ¥ OJHOBPEMEHHOTO W3YYEHMS] POJU CYMKHU
®abpuiimyca y ntuil (IMMGOUIHOTO OpraHa B KI0aKe)
1 KOCTHOTO MO3Ta Y MJIEKOMUTAIOLIUX CTAJI0 TOHSATHBIM
3HAYeHHUE 3TUX OPraHOB B (hOPMUPOBAHNU UMMYHHOTO
oTtBeta. KIIeTKM, MpoIIeIie omnpeaeeHHbIe 3Tarbl
pa3BUTUSI B TUMYCE, OTBETCTBEHHbI B OCHOBHOM 3a
obecreyeHre KIETOYHOIO THUMA pearupoBaHus’ (OT-
TOpKeHUEe TPpaHCTUIaHTaTa, pa3pylleHne TpaHChHOPMU-
POBaHHBIX BUPYCOM KJIETOK, YHUUTOXEHHE OIyXoJie-
BBIX KJIETOK) W DPETYJISIMI0O UMMYHOTeHe3a. B To xe
BpeMsI KJIETKA KOCTHOTO Mo3ra u cymKu Pabpurmyca
SIBJISTIOTCST ICTOYHUKAaMU B-TMMbOoIIMTOB — IpeiecT-
BEHHUKOB aHTUTEJONPOAYLIEHTOB. Tak, MOCTENEHHO OT
MEPBbIX IKCIIEPUMEHTATbHBIX (haKTOB MO MEepe HAKOIM-

! KJIETOYHBIi TUII PEarnpOBaHUS — JIM3UC YyXKEPOIHBIX KIle-
TOK, OCYLIECTBIISIEMbI crieliMpUIecKUMU KIOHAMU JTUMbO-
LIUTOB, TTOCPEICTBOM UX MPSIMOTO KOHTAaKTa C YYXEPOIAHBIM
KJIETOYHBIM MaTepUajIoM.
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JIEHUsI MaTepuaja UMMYHOJIOTH TIOAOIILIN K TTOHUMa-
HUIO TOTO, YTO UMMYHHBIN OTBET OCYIIECTBIISICTCS IBY-
Ms cucreMamu — T- u B-cuctemamMu — UMMYHUTETA.
IlepBast obGecrieunBaeT KJIETOUYHYIO (DOPMY 3alllUTHI,
BTOpasi — TYyMOPaJIbHYIO.

Kaxnast 3 cucteM uMMeeT CBOM IEHTpabHBIM
OopraH, XapakTepHble KJIETKH, crienubudeckue 3¢h-
(ekTopHBIE M peryaaTopHble MOJeKyJbl. B cocTaB
T-cucteMbl BXOAST TUMYC KaK LIEHTPaJIbHBII OpraH cu-
CTEeMBbl, pa3ju4yHble cyomonysiiuu T-mumMdonrToB
(T-xunnepsi /cynpeccopsl, T-Xxenmnepsl/ MHIYKTOPHI),
aHTUTeHPACIIO3HAIOIIME PELENTOPhl KJIETOYHOW TI0-
BepxHocTH (TKP — T-keToyHble peLienTophl) U IPyII-
T1a PeryassTOpHbIX MOJIEKYJl. B-cuctema cocTouT 13 Ko-
CTHOTO MoO3ra, B-1uM@ouuToB M MX TOTOMKOB —
IJIa3MOLIUTOB, PA3JIMYHBIX KJIACCOB MMMYHOIJIOOYIH-
HOB B KauyecTBe 3((HEKTOPHBIX MOJIEKYJI (AaHTUTEN).

B Tabin. 2 mpencraBieHa cpaBHMUTEIbHASL XapaKTe-
puctuka T- u B-numdonuroB. JaHHble TaOJMLIBI Oe-
MOHCTPUPYIOT HeTepeKpbIBAIOIIMECs] CBOMCTBA 3TUX
TIBYX KJIETOYHBIX TTOTTYJISIIIMIA.

UMMYHHbIN OTBET
1N BSAMUMOJENCTBUE KNETOK

B pesynbraTe MpOHMKHOBEHUS aHTUTeHA B Opra-
HU3M U €ro KOHILIEHTpaluuu B IMMGbOUIHOM TKaHU pa3-
BHMBAIOTCS COOBITUS, MPUBOASIIINE K HAKOIICHUIO B
KPOBHM CITelU(UIECKUX K JAHHOMY aHTUTEHY aHTUTE].
ITpu mepBUYHOM OTBETE MPOLIECC HAKOTIJIEHUST aHTUTE
XapaKTepU3yeTcsl TpeMsl dTallaMU: AameHmHol (ha3oil —
WHTEPBAJIOM BpeMEHU MeXIY MPOHUKHOBEHNEM aHTH-
TeHa B OPTaHU3M U TOSIBJICHUEM TePBBIX BBISIBIISIEMBIX
aHTUTEJ B CBIBOPOTKE; (ha3oil pocma — OBICTPHIM YBETU-
YEeHUEM KOJMYECTBA aHTUTES B CHIBOPOTKE JO MaKCH-
MaJIbHO BO3MOXHBIX BEJTUUMH U 3aKTIOUUTETbHOU hazoil
CHUDICeHUs1 — 3aTyXaHUST OTBETA BILIOTH IO MPAKTUIECKU
TTOJTHOTO MCYE3HOBEHMSI aHTUTEN.

B 3aBucMMOCTH OT CTPYKTYpHBIX OCOOEHHOCTE 1
II03bl AHTUTEHA, CII0CO0a ero MPOHUKHOBEHHUS B Opra-
HU3M, UHIMBUAYAJIbHBIX U BUTOBBIX OCOOCHHOCTEI ca-
MOTO OpTaHu3Ma MPOJOJIKUTEILHOCTh Pa3IMYHbIX (a3
BappupyeT. Tak, jmareHTHass (asza 111 Oaxkrepudara
¢ 174 (oueHb CUJILHOTO UMMYHOT€HA) COCTaBJISIET MPU-
ousuTesibHO 20 4, UIST 4yXXePOAHBIX 3PUTPOLIUTOB —
OKOJIO 3 mHeM, IS OeJIKOBBIX aHTUTEHOB — 5—7 THEH.
Bpems mocTuxkeHUss MAKCUMyMa aHTUTE] TAaKKe BapbU-
pYeT: ISl 4y>KePOIHBIX 3PUTPOLIMTOB 3TO BpeMsI COCTaB-
JIsieT 4—5 nHeit, 11st 0eJTKOBBIX aHTUTEHOB — 9—14 nHeil.
[Tpu moBTOPHOI UMMYHU3AIIMKM aHTUTEIA HAaKaIlJIMBa-
J0TCS B CHIBOPOTKE KPOBU 3HAUYUTENIBHO OBICTpee U B
0oJIbllIeM KOJIMYECTBE 3a CYET 00Pa30BaABLIUXCS KJIETOK
MMaMsITH OT TIepBUYHOI UMMyHM3a1uu. [TepBasi Bctpeua
C aHTUTEHOM XapaKTepusyeTcs 0ojee paHHe TpoayK-
nueit antuten IgM-xmacca; IgG-aHTuTena NOSBISIOT-
cst mo3aHee. [TOBTOPHBII KOHTAKT C TEM XK€ aHTUTCHOM
MPUBOJIUT K IMPEUMYIIIECTBEHHOMY HAKOIIJICHUIO aHTH -
ten IgG.
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Tabmmua 2. CpaBHeHue cBoiicTB T- u B-kiieTok y mbiuieit

XapakTepucTuKa B-xnetkun

T-xneTkn

JunddepeHINpPOBKA

IMox BIMsIHUEM KOCTHOTO MO3Ta y MJIEKOITUTAI0-
mux 1 cymku Pabpuiinyca y NTuil (MCTOILIeHNE
B-kieTok nipy HeoHaTaIbHOI OYPCIKTOMUM )

TMon BnusHueM Tumyca (uctoieHue T-KieTok
Yy HEOHATaJIbHO TUMIKTOMUPOBAHHBIX MBI
¥ MBIIIEH ¢ aruia3veil Tumyca)

AHTHUTEHBI KJIETOYHOMU T -
depennpoBku: Thy-1 -
CD 4,8 -

+

+ (pa3Hasi 9KCITpecCcHsi Ha pa3IMuHbIX CyOrmo-
nynsinusix T-knerok), CD 4,8 — He3pesnble
T-xnetku, CD 4 — T-xennepsi, CD 8 — T-kui-
JIepbl

PerienTophl K aHTUTEHY

Ig B 60JIBLIIOM KOJTMYECTBE HA MOBEPXHOCTH KJIeTKH| T-KJIETOUHBI aHTUTEHPACIIO3HAIOLLIMIA peleTT-

top (TKP)

[Tpubau3uTeILHAS YacTOTa
(% B oprane)

KPOBb 15
uM@aTUYECKUE y3JIbl 15
TPYAHOI MPOTOK 10
ceJie3eHKa 65
KOCTHBII MO3T <15
TUMYC <3

HpOI[OJDKI/ITeJ'[LHOCTI) Xu3HY| B ocHOBHOM KOPOTKOXKUBYIINUE, HO UMECIOTCA U

JIOJITOXUBYIIIE

COCYH.ICCTBOBaHI/IC KOPOTKO- 1 JOJITOKUBYIIUX

DyHKIIMN

MPOIYKLIMS aHTUTEN Cekpeuus

TUIIEPYYBCTBUTEIBHOCT | POJIb HeM3BECTHA
3aMeUICHHOTO THITa

OTTOPKEHHE TPAHC-
IJIAHTaTa U OIyXOJIN

TOJICPAHTHOCTD

AHTUTEIT
[To3nHsst u npexondiiast

[Tponykiust 6J10KUPYIOLIUX U HUTOTOKCUYECKUX

PerynstopHble GyHKIIMU: TO3UTUBHAS (XeT-
niepHast GyHKIIMS, OTBET Ha crielpuIecKuit
HOCWTEJTb) U HeTaTUBHAas (CYIIPECCOpHasi)

D deKTopHbIE KIETKN

D dheKTopHbIe, IUTOTOKCHUYECKUE KICTKA

PanHss u JOJITOBPpEMECHHAaA

Bompoc o ToM, 3a cueT Kakux KJIeTOUHBIX MEXaHU3-
MOB Pa3BUBAETCSI TyMOPaJIbHBI UMMYHHBII OTBET, T10-
nyaun pemeHue B cepeauHe 60—70-x romos. Crano
OYEBHMIHBIM, YTO B-KJleTKa — mpeaiiecTBeHHUIIA aHTH-
TEJOMPOAYLIUPYIOLIETO TIa3MalTa — He MOXET pea-
JIN30BaTh CBOM MOTEHIIMAJ IO TeX MOp, TTOKa He T0JTy-
YUT TTOMOIIb CO CTOPOHBI OMHOW U3 cyornomyasuii T-
muMdouutoB — T-xennepoB (T-nmomornrHuKoB). CTUMYy-
JIOM K pa3paboTKe MpobIeMbl KIETOYHOM KOOTEpalni
CTajli TOCTaTOYHO TMPOCThbIE, HO YAUBUTEIbLHO HATJISI-
HBIE OITBITH aMepUKaHCKUX HcciieaoBaTeseit Kimamana
COTPYIHUKOB, MpOBefeHHbIe B 1966 romy. bruio moka-
3aHO, YTO MOJTHOLIEHHOE 00pa3oBaHKMe aHTUTEN TPeOyeT
o KpaiiHeil Mepe IBYX TUIOB KieTok: B- u T-nmumdo-
MTOB. BBemeHne OOJydeHHBIM MBIIIAM, JTUIICHHBIM
COOCTBEHHBIX MMMYHOJIOTMYECKN aKTUBHBIX JTUM@O-
LIMTOB, TOJIbKO KJIETOK KOCTHOTO MO3ra (McTouHuKa B-
KJIETOK) WU TOJBbKO KIJIETOK TUMyca (MctouHuka T-
KJIETOK) He o0ecrieyrBaeT pa3BUTHUSI MMMYHHOI'O OTBe-
Ta K MOJEILHOMY aHTUTEHY (3pUTpouuTaM 6apaHa). B
TO X€& BpeMsl OMHOBPEMEHHAasl MHBEKILIUS ITUX KJIETOK
TPUBOMNT K SIPKO BBIPAXKEHHOMN MPOTYKIIMY AHTUTET.

FAJTAKTUOHOB B.I'. KAK PABOTAET UIMMYHHASAA CUCTEMA

DTU TepBble OMBITH SBUJIUCH CTUMYJIOM K OoJjiee
IIMPOKUM HUCCleoBaHusIM. B pesysbrare ctanu usBe-
CTHBI OCHOBHBIE YYaCTHUKM, BKIIIOUAIOIIMECS B IPO-
necc anturenonpoaykuuu. Ux tpu: B-xnerku, T-kieT-
k1 1 Makpodaru. DyHKIMSA KaxkIoro TUIa KIeTOK B
TYMOpPaJIbHOM OTBeTe MpenomnpeneieHa. B ympoiieH-
HOI1, HO HE eAMHCTBEHHOM (hopMe KIIETOYHBIE OTHOIIIE-
HUSI BBIIJIAAT cienylomuM oopazoM. [IpoHukimii B
OpraHM3M aHTUIeH (HallpuMep, OaKTepUalbHBIM WU
BUPYCHBIIT) 3axBaThIBaeTcs Makpodarom. [Tocie BHYT-
PUKJIETOYHOM TIepepaboTKM (hparMeHThl aHTUTEHA BbI-
BOJSITCS Ha KJIETOYHYIO MOBEPXHOCTb B MMMYHOT€H-
Holt, moctynHoi nj1s B- u T-kiterok popme. B-kiaeTku
pPAacro3HaOT aHTUTeH Ha TMOBEPXHOCTU Makpodara c
TOMOIIIbIO CBOMX aHTUTE€HPACIIO3HAIOIINX PELETITOPOB
(rmoBepXHOCTHBIX IgM) 1 TeM caMbIM ITOArOTAaBIMBAIOT
cebsl K MpoayKIuu aHTuTea. OaHa 13 cyOnomyIssuuii
T-xnerok — T-xennepsl (T-MOMOIIHUKY) TaKXKe pac-
MMO3HAIOT 3TOT AHTUTEH M CTAHOBSTCS CIIOCOOHBIMU K
OKa3aHWI0 ToMolu B-kjeTkam Uisi MOJHOLIEHHOTO
Pa3BUTHUS MTOCTAEAHUX B aHTUTEJIONPOAYLIEHTHI (puc. 3).

Koonepaiusi HeobxonvMa U npu (popMupoBaHUU
KJIETOYHOTO UMMYHHOTO oTBeTa. Tak, Hampumep, Mmpu
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Puc. 2. Cxema K1eTo4YHOro B3aMmMoencTBusl Npy passmTM F'yMOPanbHOro MMMYHHOIO OTBeTa. 3axBayeHHbI Makpoda-
ramy aHTUreH BbIBOAMTCS Ha KJIETOYHYIO MOBEPXHOCTb B UMMYHOIreHHoM popme. B peakuuio pacrno3HaBaHus aHTUreHa
BCTyNatoT “paHHuMe” T-xennepsbl ¢ peHoTnom CD4,8, koTopble cnocobCTBYIOT CO3peBaHmMIo “no3gHux” T-xennepos, no-
MoraloLwmx aHTuTenonpoaykumm. NMomowws CD4 T Heobxoanma Ans nepektoyeHns cuHTesa IgM Ha cuHTes IgG. Al — aH-
TureH, CD4,8 T — “paHHmne” T-xennepsbl, CD4 T — “nosgHune” T-xennepsol, B — B-knetkn, MK — nnaamartmnyeckune kKneTkn

pa3BUTUX OTBETa K TPaHCIUIAHTAaTy B OJuxailiieM K
MECTY TpaHCIIaHTaluy JTUMbaTHYeCKOM y3jie Hablo-
nawpTcs cienytomne GopMbl MEXKIETOYHBIX OTHOIIIE-
HUI1: B3aMOIEeICTBUE TIpeAIleCTBeHHIKA T-KIIIepoB
¢ T-xennepamu, npeniiecTBeHHUKa T-KuiepoB ¢ T-
xeJrepaMu 1 Makpogaramu, B-nmumdorura ¢ makpo-
daramu u T-xennepamu u ap. (puc. 4).

BoisicHeHrE MOJIEKYJISIPHBIX MEXaHW3MOB B3aMMO-
NEeWCTBMS IO TIO IBYM HampaBieHusM. IlepBoe u3
HUX — 9TO U3YyUeHME TPYIIIbI BELIECTB, MPUHUMAIOITUX
yyacTue B KJIETOYHOH Koorepauuu. Bropoe cBs3aHo ¢
aHAJIM30M KJIETOYHBIX TTOBEPXHOCTHBIX CTPYKTYp (B OC-
HOBHOM aHTUT€HPACIIO3HAIOIINX PELIETITOPOB), obecte-
YUBAIOIIMX CIeLM(pUUECKOe pacrio3HaBaHWE U KOHTAKT-
HOe B3auMoONehcTBUe. B pesynbrare pa3HOCTOPOHHUX
yewnnit 3a nocyeaHue 10—15 net udydyeHbl MHTUMHBIE
MEXaHM3MbI MEKKJIETOYHBIX OTHOIIIEHUIA.

MonexynsipHbie (haKTOphl B3aUMOACUCTBUS — 1IU-
TOKWHBI, CEKpPETUPYeMble BCTYNMUBIIMMU B KOoIepa-
TUBHBIC OTHOIICHMSI KJIETKAaMM, HEOOXOZUMBI ISt
MOJIHOLEHHOTO (byHKIIMOHAJIBHOTO CO3pEeBaHUs KakK
9 dEKTOPHBIX, TaK U PETYIITOPHBIX KJIETOK. Bcero
onucaHo 0koJo 20 TaKMX IMTOKMHOB. J1JIsI HEKOTOPBIX
W3 HUX TOJTyYeHbI TeHHO-WHXEeHepHBIe aHayioru. Paspa-
0aThIBAIOTCSI BOMIPOCHI MX KITMHUYECKOTO MPUMEHEHMSI.

6

KpaiiHe nHTepeCHBIM OKa3aJjiCsl BOIIPOC O Crocobax
pacnio3HaBaHus aHTureHa T- u B-knetkamu. Ecnu pac-
Mo3HaBaHUe aHTUTeHa B-KjieTkamMu ocyllecTBIsieTcs B
MPSIMOM  OZTHO3HAYHOM B3aMMOJIEVICTBUM aHTUTEHA C
MOBEPXHOCTHBIM UMMYHOTJIOOYIMHOBBIM PELIENITOPOM,
MpeACTaBISoMMNM coboli MOHOMepHYIo Gopmy IgM
(sIgM), To pacnio3HaBaHuE YyXepOAHOro aHTureHa T-
KJIeTKaMHM YCJIOXKHEHO BCTYIJIEHMEM B 3TOT MpOLIecC
AHTUTEHOB I'MCTOCOBMECTUMOCTH.

JlaBHO YCTAHOBJIEHO, UTO aHTUTEHBI THCTOCOBMEC-
TUMOCTH SIBJISIIOTCSI TJIABHBIMA BUHOBHUKAMU pPa3BU-
TUSI UMMYHHOI peakliMi OTTOPXEHUsI TPaHCIUIAHTH-
pOBaHHEIX OPTAaHOB MU TKaHel. M3BecTHEHI IBa Kjacca
TaKUX aHTUTeHOB: aHTUreHbl | 1 anturens! 1. Ux otaun-
YaloT He TOJILKO CTPYKTYPHBIE 0COOEHHOCTH, HO Y (DYHK-
LIMOHAJIbHOE MpenHa3HayeHre. OCHOBHOE U3 HUX —
MpeacTaBiIeHue YyKepOqHOrO aHTUTeHa B UMMYHOTC€H-
Hoi1 popMe. 3axBaueHHbII (ParoLUTUPYIOLIEH KIETKOM
YyKepOIHBII AaHTUTEH ITOCJIe BHYTPUKIIETOUYHOM mepe-
pabOTKM 3KCIIPECCUPYETCs Ha KJIETOYHOM MOBEPXHOC-
TH B KOMITJIEKCE C aHTUT€HAMU TMICTOCOBMECTUMOCTH.
Ecnu KxoMmIuieke BKIIOYaeT aHTUTeHBbI | Kiacca, TO OH
pacrmo3HaeTcs] IUTOTOKCHMYEeCKUMU T-auMdonnraMu
(T-xunnaepaMu), eciau Xe B KOMIUIEKC BXOMASIT aHTUTe-
Hol 1 kiacca, To B peakiinio pacrio3HaBaHUS BCTYIAOT

COPOCOBCKMWI OBPA3OBATE/IbHbINA XXYPHAJ, Ne12, 1997
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Puc. 3. Cxema KNeTo4HbIX U MONEKYSISIPHLIX MEXaHN3MOB OTTOPXEHWS TPaHCMaHTaTa. Peakuus TpaHCniaHTaumMoHHOro
MMMYHUTETA BKJIIOYAET TPU 3Tana: pacno3HaBaHMe YyXXepoaHblx aHTUreHos (AlN) TpaHcnnaHTaTta (/), co3peBaHue 1 Ha-
KonneHne apdeKTopPOB TPAHCMIaHTALMOHHOM peakuumn B nepudepunyeckon, bnmxaniuen K TpaHcnnaHTaty iamMoonaHon
TkaHu (/1) n paspyweHne TpaHcnnadtarta (/). nTrat — npeawecTBeHHUKM T-KNeToK, o6ecnevynBaloLnX rmnepyyBCcTBu-
TENbHOCTb 3aMELNIEHHOM0 TUMa — MECTHYIO BOCMANIMTENIbHYIO Peakumio, Pa3BMBalOLLYIOCS NOC/e NOBTOPHOro BBEAEHMS
aHTUreHa B Koxy, NTK — NpealwecTBEHHNKM T-KNNepoB, NTX — NpeawecTBeHHNKN T-xennepos, Al — aHTureH, M® — ma-
kpodar, K — K-knetka, HK — HopmarnbHbiii (eCTeCTBEHHBIN) knnnep, MU® — dakTop, nogasnsiowmin Murpaumio makpoda-
ros, Y — aHtutena

FAJTAKTUOHOB B.I'. KAK PABOTAET UMMYHHASAA CUCTEMA



T-xenmepnl. MHaue B OT/IMYME OT aHTUT€HPACIIO3HAIO-
LIXX PEeLEeNTOPOB B-KIeTOK aHAOIMYHBIE PELIEIITOPhI
T-KJIETOK OCYILIECTBISIOT IBOMHOE paclio3HaBaHUE —
Yy>KE€pPOJHOIO aHTUTEHA U COOCTBEHHOTO aHTUTEHA -
CTOCOBMECTUMOCTH.

BosHuKkaet Bompoc: Tie U Kak GopMUpYETCsT CIo-
cobHocTh T-kuiepoB u T-xenmepoB K pacrno3HaBa-
HUIO CBOMX COOCTBEHHBIX aHTUTeHOB? B camoe mocen-
Hee BpeMsl YCTAaHOBJIEHO, YTO 3TUM MECTOM SIBJISIETCSI
TUMYC. MUTpUpYIOIIHMe U3 KOCTHOTO MO3Ta B TUMYC He-
3pesible MPpeaIecCTBeHHUKY T-KJIeTOK Moce HEKOTOPOTro
BpeMEHHM TpeObIBaHUSI B HEM HAUYMHAIOT 3KCIIPECCUPO-

/
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BaTh T-KJI€TOUHbBIC, aHTUTEHPACTIO3HAIOIINE PELIETITOPBI
camoii pazHooOpa3Hoil crienupuaHocTr. OTHAKO MO-
JaBJIsIoNIee OOTBIIMHCTBO MOMABIINX B TUMYC KJIETOK
TMOHET B CaMOM OpraHe, Tak U He BBIIIA B LIUPKYJIS-
uuio. OcTaroTcs XKU3HECTIOCOOHBIMU TOJIKO T€ TUMO-
LIUTBI, YbM AaHTUTEHPACITO3HAIOIIKME PELIeNTOPhI OKa3a-
JINCh CIMTOCOOHBIMM B3aMMOJICHICTBOBATh C aHTUTEHAMU
TMCTOCOBMECTUMOCTH, OOMJILHO TIPEeCTaBIEHHBIMU Ha
SMUTETUATBHBIX M (haroIUTUPYIOIINX KJIeTKaX TUMYCa.
IIpu pacriodHaBaHUY aHTUTEHOB | KJlacca pa3BUTHE THU-
MOIIUTOB HaMpaBJieHO B CTOPOHY chopMupoBaHust T-Ku-
JIepoB, TIpHoOpeTaloMx Mapkep auddepeHIIMpOBKU

IL-2R"TKP~

TKP*

Puc. 4. Cxema BHyTpUTUMYCHOI anddepeHumpoBkn T-knetok. CD4 — mapkep T-xennepo, CD8 — mapkep T-kunnepos,
TKP — T-kneTo4HbI (aHTUreHpacno3HaioLwmii) peuenTtop, H-2 — aHTUreHbl rMCTOCOBMECTUMOCTU Y Mbllel, IL-2R peuen-

TOP K MHTEPNENKMHY-2
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CD8. PacnoznaBanue antureHoB I kimacca obecrieun-
BaeT cTaHOBJeHUe T-XeamepoB C COOTBETCTBYIOUIUM
mapkepom CD4. Takum o6pa3oMm, B oOIpeAeieHUNU
CyabObl TUMOILIMTOB AHTUTEHBI TMCTOCOBMECTUMOCTHU
BBICTYMAIOT U KaK (haKTOPbI CEJIEKIIMU, ONPEesis CTa-
HOBJIEHHE KJIIOHOB T-KJIETOK, CIIOCOOHBIX pacIio3Ha-
BaTb COOCTBEHHbBIE aHTUTEHBI, 1 KaK (akTophl udde-
PEHLIMPOBKHU, OT KOTOPBIX 3aBUCHUT (PopMUpOBaHUE
(YHKIIMOHAJIBHO CaMOCTOSITEJIbHBIX CYOITOITYJISIIIWIA.
VhpoilieHHass KapTvHA BHYTPUTUMYCHOUM muddepeH-
LIMPOBKU U CITIOCOOO0B B3auMoaeiicTBus T-KJIETOK ¢ aH-
TUTEHHBIM KOMIUIEKCOM TIpe/ICTaBlieHa Ha puc. 4.

Takum o0Opa3oM, UMMYHHBIII OTBET — 3TO KOM-
TUIEKCHBIM TIpollecC, BKJIIOYAIOIIMI IepepaboTKy u
MpeacTaBJIeHre aHTUTeHa B MMMYHOT€HHOM hopMme Ha
TTOBEPXHOCTH (haroIUTUPYIOIINX KJIETOK, pacIio3HaBa-
HUe chopMUpoBaHHOTO MMMYHOTeHa T- 1 B-kiretkamu
MOCPEICTBOM MX aHTUTEHPACITO3HAIOIIMX PELIENITOPOB,
B3aMMOJNIENCTBHE PAa3IMYHBIX TUTIOB KJIETOK, BCTYITHB-
HBIX B MMMYHHOE pearupoBaHMNE, BHYTPUKICTOUHBIN
CHHTE3 Y CEKpeLIMsI aHTUTEJI U TTepeKIIoYeHre TTPOIyK-
LIMM OTHOTO KJ1acca UMMYyHor100yarHoB (IgM) Ha npy-
roit (IgG, IgA). Kak pe3yabTaT nepedyncieHHbIX COObI-
TR — HEUTpalM3alus U YHUUTOXEHUE UyKepOIHOTO
aHTUTeHa. Drta Lernoyka MMMYHOJIOTMYECKUX TIpoliec-
COB BCKPHBITa B MOCTIEIHNE HECKOIBKO JIET.

FAJTAKTUOHOB B.I'. KAK PABOTAET UMMYHHASAA CUCTEMA

3AKJTIO4YEHUE

Ml paccKasaian 00 OCHOBHOM, HO OTHIOIb HE €AMH-
CTBEHHOM B IIpoliecCe MMMYHHOTO pearupoBaHusI. 3a
CKOOKaMU HM3J0XEHMSI OCTaJINCh MpobjieMa ITOBBIIIe-
HUSI CPOJCTBA AHTUTEJ K aHTUTEHY 10 Mepe Pa3BUTUSI
MMMYHHOI'O OTBETa, JaHHBIE IO OpPTaHW3ali T'€HOB
MMMYHOIJIOOYJIMHOB U T-KJIETOYHBIX PELIETITOPOB, SIB-
JIEHUs TOJIEPAHTHOCTU Y MOBBILICHHON peaKTUBHOCTH.
ITone3Hble CBeAEHUS YUTATEIb MOXET MTOUYEPITHYTh U3
cratbu .M. AGeneBa [4].
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