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BJIUAHUE BUJOCHHEHIN®OUYHOI'O HIUTOKUHA
I'M-KC® HA KJIETOUYHBIA COCTAB UMMYHHBIX
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AHHOTanusl. B crarbe mpeicTaBiIeHsl JaHHBIE O BIMSHAYN TPAHYJIOMUTAPHO-MaKpO(araJbHOTO KOJIOHHECTUMY-
mpytoiero ¢axropa (I'M-KC®) Ha opranbl HIMMyHHTETa — TUMYC, CEJIC3€HKY M JTMM(paTHIECKHE y3IIbl IOPO-
CSIT-COCYHOB, y KOTOPBIX ObliIa 3aperCTpHpOoBaHa OaKTepraabHas HHPEKIHU KeTyI0YHO-KUIIeYHOTo TpakTa. [Tpn
N3Y4YEeHHH MOP(OIOTHIECKOT0 CTPOCHHUSI OPTraHOB MCIOJIB30BANIN OOIIETIPUHSATHIE THCTOJIOTHYECKAE U UMMYHO-
THUCTOXUMHUYECKHE METO/BL. J{J11 UMMYHOTHCTOXMMHUYECKHUX HCCIIE0BaHUN HCoNb30Bany Mapkepsl CD-3, PAX-5.
[Tokazano, uto uMMyHOCTUMY HpYommit d3pdexkt 'M-KC®D nocturaercs 3a cdeT cTUMYISIIMN Iyna T-Ki1eTok.
DTO NpOSBIISUIOCH NOBBIIIeHHEM KoirdecTBa CD-3-no3utnBHBIX KileTok Ha 15 % (p < 0,05) B muMpaTnaeckux y3-
nax uHa 32 % (p <0,01) B cenezenke. B Tumyce, HaobopoT, 66110 okazano camwxkenre CD-3 Ha 12 % (p < 0,05).
KaioueBble ciioBa: mopocsita, KexyJO9HO-KHIIeYHbIe 3a00J1eBaHMs, IMMYHOTHCTOXMMHUYECKNE HCCIIeJOBAHN,

uMMyHHbIe opranbl, [ M-KC®, CD3, T-kinetku

BakrepranbHbie MHPEKINH )KEITyI09HO-KHAIIIEIHO-
ro Tpakta (JKKT) y HOBOpOXKI€HHBIX KHUBOTHBIX SIBIIS-
FOTCS MTUPOKO PACTIPOCTPAHESHHOH MMATOIIOTHEH B CBH-
HOBOJUECKUX xo3sucTBax Poccuiickoit denepanuu.
Y Moo HsIKa TIOACOCHOTO MEPUO/IA, B YACTHOCTH Y TI0-
POCSIT COCYHOB, HEPEIIKO OTMEYACTCS TAK HAa3hIBaeMast
«mapes HOBOPOXKICHHBIX)» WM «HEOHATATbHAS AHa-
pes». [To manHBIM 3apyOeKHBIX HCCIIeI0BaTENeH pac-
[IPOCTPAHEHHOCTh HEOHATAIBHOH JIMAPEH COCTABIISCT
110 90 % cpenu MononHsKa 10 AByX Mecsies [ 14, 20].
ITo craructuveckum gaHHbIM, B 60 % ciaydyaeB auapen
y MOPOCST OBLTN BBI3BAHBI BUPYCHBIMU ITaTOTEHAMH,
23 % — Oakrepusimu, U 15 % — xokmmausmu [23].

Omnacuaocts uH(pexnmii XKKT 3aximoyaercs B uH-
TEHCHUBHOM U MPOJODKUTEIBLHOM AeruapaTalui opra-
HH3Ma, OTKa3a OT €/Ibl U BSUIOCTHU MOPOCSAT; B KUIIEU-
HUKE TIPOTPECCUPYET CHHTE3 U HAKOTUICHUE IPOTYKTOB
HETIOJTHOTO PaCIISIUICHIS (ITOJIUIICTITUIOB, aMMHAaKa,
OCTaTOYHOTO a30Ta), 00yCIIOBINBAIOIINX TOKCUKO3

AJMMEHTAPHOTO MPOUCXOXKIeHHs. V3MeHseTcs Tak-
ke pH KHIIIeyHOTO COAepKIUMOT0, YTO CIIOCOOCTBYET
BO3HUKHOBCHHIO OJATONIPHUATHBIX YCIIOBHMA JUISI pa3-
BUTHUSI THUJIOCTHOM MHUKPOQUIOPHI U BO3HHUKHOBEHUS
B JKETyTOYHO-KHIIIEYHOM TpakTe aucOakreprosa [9].
I'ncto-mMophomeTpryeckie u IUTOIOTHIECKHE UCCIIe-
JTIOBaHWUST 00pa3I0B TOHKOTO OT/eJIa KHIIIEYHHKA ITOPO-
CST COCYHOB C AMAPEHHBIM CHHIPOMOM JIEMOHCTPH-
PYIOT U3MEHEHHUE BBICOTHI BOPCUHYATOCTH CIU3UCTOTO
Y TIOJICIM3UCTOTO CJIOEB KUIIeUHOU TpyOku. COOTHO-
IICHUE BOPCUHKA / KPUIITA Y )KUBOTHBIX C THAPEHHBIM
cuaapomMoM B 1,2—1,4 paza HIKe, 4eM y KITHHIHIECKH
3JIOPOBBIX TTOPOCSIT, YTO YMEHBIIIAET MIJIOMIA b BCACHI-
BaHUS MMUTATENbHBIX BEIIECTB [4].

Takxe COBpEMEHHBIC UCCIIC0BAHMSI ITOKA3bIBAOT,
yto nipu pazsutuu naronoruit XXKT, y HOBopoxkaeH-
HBIX TIOPOCSAT MPOUCXOAUT HapylleHUue (yHKIHOHH-
pOBaHUS UMMYHHOU cucTeMbl. CKOpHKOBEIM A. B.
C COaBTOpaMH OBIJIO MOKa3aHO CHIDKEHUE (PYHKITHO-

© Muxaiinos E. B., Crenanos /1. C., Ilabyaun b. B., Crenanos E. M., Ceipomsatankos M. 1O., [llanommaukosa FO. B.,
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HAJIBHOW aKTUBHOCTH KJIETOYHOTO M (haroluTapHOro
3BEHHEB IMMYHHUTETA, & TAKIKE HHTHOMPOBAaHHUE TYMO-
paTbHBIX (haKTOPOB 3aMTUTHI Y OOIBHBIX ITOPOCT [S].
CoBOKYIHOCTH (DAKTOPOB CHUKEHUSI PE3UCTEHTHO-
CTU OpraHu3Ma M HUPKYJILUS BUPYCHBIX areHTOB B Ma-
KpPOOpTaHU3Me MOPOCHT, a TAKXKE YBEITHUCHUE aKTHB-
HOCTH NAaTOTeHHOHN OakTepraibHON (IIOPBI TPHUBOIUT
K UMMYHOCYIIPECHH, B IIEPBYIO OYEPE/lb BTOPUUHBIX
OPraHoB UMMYHHOM 3aILIUThI, PACTIOJIOKEHHBIX B OTHO-
CUTEJIbHOM OIM30CTH K KUIIIEYHOH TPYOKe (CeNe3eHKa,
OpbbkeeuHble TuMdarnaeckue y3iel). B padore Sinko-
ra, M., & Butler, J. E. (2009) Obu10 ipoieMOHCTPUPO-
BaHO, YTO UMMYHHasI CHCTEMa HOBOPOXK/ICHHBIX (DyHK-
LMOHAJBHO OTIIMYAETCSI OT UMMYHHOI CHCTEMBbI B3pOC-
JIBIX )KUBOTHBIX. DTO 00YCIIOBJIEHO TEM, YTO BO BpEMs
BHYTPUYTPOOHOTO Pa3BUTHS aHTUTCHHAS! CTUMYJISLIHS
OpraHu3Ma MUHHMaJIbHA, YTO IPUBOIAT K OTCYTCTBHIO
WK 0YEHB PEAKOMY MOsIBIICHHIO 3 deKTopHbIX/T-KI1e-
TOK ITaMSITH Y HOBOPOXIEHHBIX opocsT. ITyn B-knetok
10CJIE POXKICHUS TAKOKE SIBIIACTCS HE3PEIBIM U COCTOUT
13 OHOPOIHOM MapTHH HETTPUMHUPOBaHHBIX B-KieToK,
KOTOpBIE TpencTaBisiioT coboit CD2 + CD21+ [28].
Bce ot hakTophl yKa3pIBalOT HA TO, YTO UMMYHHAs
cHrcTeMa Y HOBOPOXKJICHHBIX TIOPOCST MPUMUTHBHA T10
CPaBHEHUIO C B3POCIBIMH CBHHBSIMH. DTO TAKXKE BH/I-
HO TI0 HU3KOMY YPOBHIO TTepudepriecKux TUMQOIH-
TOB, HEAOPA3BUTHIM JUM(POUAHBIM y3JIaM, PyIUMEH-
TapHbIM TOIIEKHUIICYHBIM Ojsiikam [leiiepa u HU3-
KOMY KOJIMYECTBY 3(PPEKTOPHBIX/UMMYHHBIX KJIETOK
namsith. [IpaiimupoBannbie T- 1 B-kietku hopmupy-
FOTCsI IIOCJIE POXKIEHUS IIPY KOHTAKTE OpraHu3Ma C aH-
tureHamu. Jlum¢ouutsl, oOpa3oBaBIIMecs NpU AaH-
HBIX B3aMMOJACHCTBUSX, B JaJbHEHILIEM Pa3BUBAIOTCS
B KJIETKH namsiTu. [lo3ToMy BO3/eiicTBIE MaTOTeHHBIX
(haxTOpOB Ha paHHUX ATaNax ee GOPMUPOBAHUS MOKET
MIPUBECTH K CHUKEHUIO KIMMYHHBIX (DYHKIIMH Y ITOpO-
cat. Tak uccnenoBanmssmu Muxaiinosa E. B. ¢ coasT.
(2020) 6b1I0 ycTaHOBIEHO, YTO MOP(HOPYHKITMOHATB-
Hasi He3penoCTh (THITOTPO(Us) OpraHu3Ma yCyryonsieT
npouecc GOpMUPOBAHHS UMMYHHOTO OTBeTa U (DyHK-
[UOHUPOBAHUS JTUM(PATHUECKUX Y3JIOB y TIOpocsT [2].
VYCTaHOBIIEHO TaKXkKe, YTO KJICTOUYHBI HMMYHHTET TIO-
POCSAT IPH KEITyA0UHO-KUIIEUHBIX MHYEKIMAX XapaK-
TepU3yeTcs JEHKO- U JTUM(OLUTO30M, MOBBILICHUEM
abcomroTHOrO KosmuecTBa T-TUMQOIMTOB MpH CHU-
YKEHHH UX OTHOCUTEILHOTO YPOBHS, cofepskanue T-cy-
npeccopoB u T-xenmepoB, OBBIIICHHEM a0COIIOTHO-
IO U OTHOCHUTEJIBHOIO YpOBHs B-kietok, garonurap-
HOI aKTHBHOCTH HEUTPOMPIIIOB M UX MOTIIOTUTEITHHOMN
CIOCOOHOCTH, 3HAYEHUH CHIOHTAHHOTO U CTHMYJIHPO-
BarHoro HCT-tecra HeHTPOHIBbHBIX JIEHKOLUTOB IIPH
CHIDKCHUU Y HUX UHJEKCA CTUMYJISIIUH [7].

W3meHeHusIM moaBepraeTcsi He TOIbKO (PU3HO-
nmorndeckoe (PyHKIIMOHUPOBaHWE MMMYHHBIX Opra-
HOB, HO M TKAaHEBBII COCTaB MapeHXUMbL. OTMeUaeT-
s, YTO B CEJIe3€HKE MOPOCAT MPOUCXOIUT TUIOILIA-
3us1 OEITIOM MYIBITBI, YTO BHIPAXKAETCS B 3HAUUTCIILHOM
CHIDKCHHH e¢ 00heMa U TUIOaan (OJUTHKYIIOB, aHO-
MaJIbHBIE U3MEHEHHUS B COCAMHUTEIHPHOTKAHHBIX Ya-
CTSIX oprana (Tpabexynax), a Takxe U3MeHseTcs pak-
THYECKOE Ka4yeCTBO M KOJIUYECTBO JETIOHMPOBAHHOM
kposH [2]. B uccienosanuu A. G. Cino Ozuna (2013)
Y KOJUIET OBUIO MOKA3aHO, YTO IPU HMMYHHOM Jie(u-
nuTe B TUMQOy3aX, MUHIAIHHAX, Onskax [1detie-
pa u Ccele3eHKe MPOUCXOAUT YMEHBIIIEHUE TIIOMan
U KonudecTBa TMMQOUIHBIX Qosukyaos. [Iposene-
HUE UMMYHOTHCTOXMMHYECKUX MCCIICOBAHNH TTOKa-
3aJ10, 4TO TIPH UMMYHOJIE(PUITHTE TPOUCXO/IIIO YMEHB-
menne konndectsa CD-3 MO3UTHUBHBIX TUM(OITUTOB
B TUM(pATHIECKUX y3JaX U MPAKTUYECKH MOITHOE OT-
CYTCTBHE B ceJie3eHKe. B-1uMQoIuTsl OTCYyTCTBOBA-
JM B CEJIE3CHKE U B HEOOJIBLIOM KOJMYECTBE MOTJIH
NpUCYTCTBOBaTh B MuMdoy3zinax [19]. AHanorunynsie
pe3yabTaThl OBUTH MOKa3aHbl B UccaenoBanusax Ito T.
(2014) u coaBTOPOB, T7AC C TOMOIIHI0O HMMYHOTHCTO-
XUMHH OBLTH BBISBICHBI PA3IM4YUs B KIIETOYHOM CO-
CTaBe UMMYHHBIX OPTaHOB U KPOBH MEXK/Y 3/10POBbI-
MU M TIOPOCATAMH C BPOXIECHHBIM UMMYHOAE(HIIH-
ToM [12]. YV BTOpBIX, B OTJIMYUU OT 370POBBIX, OBLIO
nmokazaHo 3aMmeTHoe cHibkeHue CD3+ T kieTok B TH-
Myce, TuMQoy3nax u ceiesdeHke. Kpome sroro, nmpu
MIPOBEICHUN TPOTOYHON IUTOMETPUHU OBLIO TTOKa3a-
HO 3HaYUTENIbHOE CHIKEHNE KOIMNYEeCTBA IUPKYIHPY-
tox CD3+ T-nuM(onuTOB ¥ MOYTH TOJIHOE OTCYT-
crBue CD4+ T-nmumpouutoB, CD8+ T-nmumdbonmTo
Wi B-mum@onuTos B KpoBH.

Kax MBI BUIuM, H3-3a HEIOCTATOYHOH (PU3HOIIO-
TUYECKOH 3perI0CTH UMMYHHOU CUCTEMBI, Y TIOPOCSIT,
MIOABEPTaBIINXCS BO3JCHCTBHUIO MAaTOTEHHBIX (haKTo-
POB MOTYT pa3BUBATHCS UMMYHOE(UIIUTHEIE COCTOS-
HUSI, KOTOPBIE MPUBOJISIT K CHUKEHUIO TIPOAYKTHBHO-
CTH ¥ B HEKOTOPBIX CIIy4asx — rudenn mopocar. Bo
n30eKaHue 3TOTO B COBPEMEHHOM CBHHOBOJICTBE ITPH-
MEHSIOTCS MpeTaparkl, HalpaBJICHHbIEC Ha MOJIepKa-
HHE UMMYHHTETa y MOJIOABIX TOpOCAT. B rccnenona-
Huu Boctpounosoii I. A. (2018) 6s110 OKa3aHO, UTO
npuMeHeHue npenapara l earadbudepon-C mopocstam-
OTBHEMBITIIAM TTPOU3BOIUIIO TTOJIOKHUTEIBHBIH d(PPeKT
HE TOJILKO Ha IOKa3aTelld KIETOYHOTO HMMYHHUTETA,
HO M TI03BOJIMJIO YMEHBLIUTH BEPOSITHOCTD Pa3BUTHS
JKEITYJOYHO-KUIIICUHBIX MTAaTOJIOTHH, a TAK)KE YBEINYH-
JI0 BBKUBAEMOCTD M KHUBYIO Maccy mopocsT. B moxo-
JKEM HCCIICIOBAHUU TaKKe OBUIO TIOKa3aHo, YTO BO3-
JieficCTBIE IMMYHOMOMO/TYJIATOPOB TIPUBOJIHIIO K CHU-

BerepunapHsrii papmakomorndeckuil BeCTHHK « Ne 3 (20) « 2022 9



E. B. Muxaiinos, /I. C. Cmenanos, b. B. [llabynun, E. M. Cmenarnos, M. IO. Coipomsmuukos, FO. B. [llanownuxosa

YKEHHIO YaCTOThI KUIICUHBIX MH()EKIIUH 1 TOBBIIICHHUIO
COXPaHHOCTH y IOpocsT [24]. A mpu npUMEeHEHUH UM-
MYHOCTUMYJISITOPOB CBUHOMATKaM OBLIO MOKa3aHO
YBEIMYEHNE OTHOCUTEILHBIX 1 a0COIFOTHBIX YPOBHEH
MOHOIIUTOB, TUM(pounTOB, T- 1 B-mumdonuros, kom-
IJIEMEHTAPHOM M JIM30LIMMHOM aKTUBHOCTH ChIBOPOT-
KM KpOBU. bosiee BbICOKHI UMMYHHBIN CTaTyC CBUHO-
MaTOK CITIOCOOCTBOBAIT MPODUITAKTHKE TTOCIEPOTOBBIX
MaTOJIOTUH 1 YBEIMYEHHE )KU3HECTIOCOOHOCTH HX IT0-
MeToB. [ pyrma ydeHsix 3 Kuras Taxoke ycrenrso npu-
MEHMJIAa SKCTPAKT CBUHOM IJIAIIEHTHI B KAYECTBE MM-
MyHoMozynsaTopa [12]. B pesynbrare skcriepriMeHTOB
OBLIO OKA3aHO, YTO BO3JEHCTBHE JAHHOTO IKCTPAKTa
HHAYUHUpOBao akTuBanuio T- u B- kierok, a Takxe
IpH 3apa’keHUH POTABUPYCHOM HH(MEKIINEH Y TopoCcsT
OIIBITHOM TPYIIBI OblIa OOHApykeHa 0osiee BBICOKAs
KOHIIEHTpaLus nHTepdepoHa- Y, nHrepeiikuna 1 6era.

OnHUM U3 NMepCreKTUBHBIX HMMYHOMOYIIITOPOB
SBIIAETCS TPAHYIOLUTapHO-MaKpodaraibHbIN KOJTOHKE-
CTUMYJIUpYIOTHi (pakTop. JlaHHBINH OeIoK MpeacTaB-
JISIET COOOM MOJIUITENTHIHBIN [IMTOKUH, OTHOCSIIMICS
K IpyIIIie rpaHyIoLHUTapHO-MaKpodaraabHBIX KOJIOHHE-
CTUMYJHPYIOIIUX (PaKTOPOB BMECTE C HHTEPICHKNHOM
3 n uatepneiikuaom 5. [M-KCO sBnsiercst perymnsrop-
HBIM ITATOKHHOM, KOTOPBIN CTUMYJIMPYET POCT U U (]-
(hepeHIMPOBKY IPaHyIIONUTAPHOTO ¥ MOHOIIUTAPHOTO
pocTka. B ryMaHHOM MeTUITMHE OH YaIlle BCETO UCTIONb-
3yIOTCS B KQUECTBE CTUMYJIITOPOB KpOBETBOpeHHs [ 16].

B BerepuHapHOl NPAKTUKE B KAYECTBE UMMYHO-
Monyisitopa npenapatsl | M-KC® npumensiorcs 1o-
CTaTOYHO peako. HecMmoTps Ha 3TO, MUCCIeTOBAaHUS
MTOKa3bIBAOT, YTO JAHHBIA ITUTOKWH UMEET XOPOIIIHe
MEepPCIIEKTUBBl IPUMEHEHHsS M3-32 €r0 UMMYHOMO-
nynupyromero 3gdexra. Somasundaram C. u coas-
Topbl ycnemHo npuMmeHuian ['M-KC® B kauecTse
aJbIOBaHTa NPY BakuuHaIMK cBuHel [28]. B apyrom
WICCIIEZIOBAaHNH OBIIIM MOJYYEeHBI TaHHBIE, YTO COYeTa-
Hue ['M-KCO® u unrepneiikuna-2 sBHUIOCH XOPOLIUM
aJ’bIOBAHTOM TP BaKLIMHALMU OT SIIIypa, TaK KaK ero
[IpUMEHEHNE MOBBIIIANIO YPOBEHb CTUMYIIALUH T-THuM-
(oumtoB 1 ypoBeHb uMmyHoro0yinHoB G [32]. Ot-
JIMYHUE OT IPYTHX [IUTOKHHOB B TOM, YTO 3TOT CUTHAJIb-
HBIi OTTOK MOYKET AEHCTBOBATH JIOKAJILHO, TPUBJICKAS
JEHJIPUTHBIE KJIETKH, TO3TOMY JUTS OKa3zaHus ddexra
He TpeOyroTcst Oonblre KoHIeHTpanuu [16].

Lenb nanHOW pabOTHI COCTOUT B OLIEHKE COCTOSI-
HUSI UMMYHOKOMIIETEHTHBIX OPTaHOB IOPOCST OO0JIb-
HBIX OaKTePHAITLHOMN KETYIOIHO-KUIIICTHON HH(EKIH-
ell 1 Tociie MPOoBEACHHONW aHTHOAKTepHaTbHON Tepa-
MUY B KOMILJIEKCE C BUAOCTICIIU(UIHBIM TPAHYIOIHUTA
HO-MakKpogaraJbHbIM KOJIOHUECTUMYIUPYIOLIeM (pax-
topoM (I'M-KC®).

MATEPHUAJIBI U METO/IbI
HCCJIEJJOBAHUM

[Ipy KITUHUYECKOM OCMOTPE MOPOCST COCYHOB
B Bo3pacTe 3—35 nHel ObLIa BHISBIEHA KETYIOYHO-
KHIICYHAS MaTOJIOTHsI, XapaKTepU30BaBIIAsICS Tuape-
eif, yTHeTEHHOCTBIO, CITa00CThI0. C THarHOCTHYECKOM
TEJTBIO ATH KUBOTHBIE OBLITH MTOJBEPTHY THI BRIHYK/ICH-
HOMY yOOt0 (1 = 4) (OO0l IpOBOAMIN B COOTBETCTBUU
¢ Directive 93/119/E C) u 6b1110 IpoU3BEICHO BCKPHI-
THE C TIOCIIEYIONIeH dBUCIepalliell BHYTPEHHHUX Op-
raHoB. [Ipx MUKpOOHOIOTHYECKOM U MOJICKYJISIPHO-Te-
HETHYECKOM aHaJIN3e KUTIIEYHOM CITN3M OBLIN BhI/IEIe-
HBI E. coli saTeponarorenHoro ceporuna O137. s
M3y4YEHHUS] IMMYHOMOAYIHPYIOIINX CBOWCTB Mpernapa-
ta [M-KC® 0Ob1510 chopmupoBano 2 rpymisl, o 40
OOJIBHBIX TTOPOCSIT, Y KOTOPBIX PErUCTPUPOBAIH JIHa-
pero CMeIIaHHoM 3Tnosioruy. IlepBoii rpyririe nprumMe-
HSUTH BHYTPUMBIIIIEYHO KBHHOKOI B f03e 0,5 Mi1/10 kr
pa3 B CyTKU B TeueHue 5 aHeil. Bropoit — KBHHO-
KOJI B TOH e no3e B coueranuud ¢ [ M-KC® B nose
0,1 mur/kr nByKpaTHO ¢ uHTepBajgoM 48 yacos. OT ye-
TBIpeX MOPOCST ¢ KayKA0H rpynisl (17 = 4) (y6oii po-
Bomwn B cootBeTcTBHM ¢ Directive 93/119/E C na 3-n
CYTKH) OTOMpay 00pasIibl CeNIe3eHKH, TUMYCa U TTaX0-
BBIX JTIUM(DOY3J10B 17151 TPOBEICHNSI MOP(OJIOrHIEeCKUX
1 IMMYHOTHCTOXMMHYECKHX HCCIleoBaHUN. Marepu-
an ¢uxcuposaiucs B 10 % pactBope 3a0ydepeHHOro
(dhopmarnuHa, 3aTeM 00e3BOKUBAJICS B CIIUPTaX BO3pa-
CTaroIIei KPernocTH, MOCIIe YeTro 3aINBAJICS B THCTOJIO-
ruyeckuit mapadun Histomix (Biovitrum, Poccus). U3
napaUHOBBIX OJIOKOB M3rOTABIMBAINCH CPE3BI TOJ-
IIMHOW 3 MKM, KOTOpBIE OKPallMBajJlCh T€éMaTOKCH-
JTMHOM-3031HOM. Tax:ke MPOBOAMIN UMMYHOTUCTOXHU-
MHYECKOE UccienoBanue Ha Mapkepsl CD-3 (mapkep
T-mamdonmron), PAX-5 (Mapkep perymsnnn B-mum-
¢doruToB). IMyHOTHCTOXHMHYECKOE HCCIIEIOBAaHUE
MPOBOJMWIOCH HA ABTOMAaTHYECKOM MMMYHOCTEHHe-
pe. st BU3yanuzauuu KakJod MMMYHOTHCTOXHMHU-
YEeCKOM peakiuu ObLI UCTIONb30BaH Habop «Dako En
Vision + System Peroxidase (DAB)» (I'epmanus). M-
MYHOTHCTOXMMHYECKYIO OKPACKY TTPOBOIMIIN TI0 MH-
CTPYKIMHU B TIpOTOKOINE. J[JIsi KaXKIIoi peakiuu mpo-
BOJMJICSI OTPHUIIATENBHBIN KOHTPOJIb — BMECTO Tep-
BUYHBIX aHTHTEN Ha cpe3bl HaHocwiu Oydep. [Tocie
MPOBEACHHUS UMMYHOTUCTOXUMHYECKON PEaKITHH SIpa
JIOKpalluBaiy remarokcriinHoM Beiirepra. [Ipenapa-
ThI MOHTHPOBAJIH TTOJT TIOJIMCTHPOIT, hoTOrpadun ObLH
caenanbl Ha MUKpockorne «Microscreen» (Hosptex Di-
agnostics, tanus) co BcTpoeHHOM kKamepoit. st moa-
cueTa KJIeTOK ObliIa HCIob30BaHa nmporpamma « Toup
View» u mopdomeTrpudecknii cranaapt. [lpenapars
MOHTHPOBAJIA TIOA TIOIUCTHPON, (hoTorpaduu OBLTH
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cienanbl Ha Mukpockore Microscreen (Hosptex Diag-
nostics, Mtasust) co BCTPOCHHOW KaMepoi.

PE3YJBTATBI UCCJIEJJOBAHUA
U OBCYXKJIEHHUE

Mopdgponozuueckue
uccneoosanus (okpacka I-3)
Jlumdarnueckue y3msl (puc 1 A, I, 2K) y Bcex xu-
BOTHBIX OBIJTH TIOKPBITHI KAICYJION U3 TUIOTHON COEITH-
HUTEJBHOM TKaHHU. PUCYHOK y371a ObLIT HECKOJILKO CTEPT
3a CYET U3MEHEHMSI COOTHOIIICHUS €T0 yacTeil. Tak na-
paKoOpTUKaJIbHASL YacTh ObLIa HECKOJBKO PacIIupe-

Ha, ¢ OOJNBIIMM YHCIOM Makpo(haros, B IUTOILIA3ZME,
B HEKOTOPBIX M3 HUX BU3YAJH3UPOBAIHCH KPYITHBIC
KOPUYHEBHIE TPaHYIIbI, HATOMHUHAIOIUE Ha OITHYE-
CKOM ypoBHE reMocuaepuH. DounKymbl BO Bcex Uc-
CJIEyEeMBIX KycOoukaxX ObLIM MEJIKUMH, 0e3 pa3inyu-
MBIX CBETJIBIX TEPMUHATUBHBIX [ICHTPOB.

Cernesenka y OOJBHBIX JKUBOTHBIX U TIOPOCST TI0-
cne neuenus (puc 1 b, /I, 3) Oputa OKpBITa OTHO-
CUTEJIBHO IJIOTHOMW COEIMHUTEIBbHOTKAHHOM Karcy-
Joi, Oenast mynbna, Obula mpeacTaBieHa OOJbLIeH
YaCThI0 MEITKUMH (POJUTHKYIONOAOOHBIMU KOMILICK-
caMH OBQJILHOW W HENPaBWIBLHOH OKPYIIIOH (OPMBI
0€e3 CBETJIBbIX LIEHTPOB.

Puc. 1. l'ucronornueckast CTpyKTypa UIMMYHHBIX OPTraHOB IIOPOCST:

nuMbarmdeckue y3isl (4), cenesenka (5), Tumyc (B) 60IBHBIX TOpocsT; TuMbarndeckue y3isl (1), cenesenka (), Tamyc (E£)
1 rpymmsr; muMbarmdeckne y3isl (JK), ceneserka (3), Tumyc () 2 rpynmsl. Okpacka TeMaTOKCHINH 203UH. 4, B, E, 3 — yBe-
ymuenue 100x; I, /[, K, B, 1 — 400x
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Bce onncanubie BbIIIe 3IEMEHTHI pacroyiarajinuch
BOKPYT HEM3MEHEHHBIX MyJbIapHbIX aprepuil. Kpac-
Hasl MMyJblla C HEPAaBHOMEPHBIM KPOBEHAIIOJIHEHHUEM,
3aroJIHEeHHAast JIUMQPOUAHBIMU KJIETKaMu ¢ MOp(¢oJIo-
TUei OJIaCTHBIX.

[Ipu uccnenoBanuy TUMYyCa, OBUIO MOKA3aHO, YTO
BO BCeX TpyImmnax ponasyaroe crpoenue (puc 1 B, E, 1)
opraHa ObUIO BBIPa)XEHO, CTpOMa ObLIa MpeacTaBie-
Ha 3peJiof KUPOBOM TKAHBIO C 3aIIyCTEBILIUMH COCY-
namu. Jlonbku ObUTM pa3HBIX pa3MepoB, Mpeodaaa-
JIU KpymnHble. ' paHuIa KOPKOBOTO ¥ MO3TOBOTO CJIOA
OBUIM C TPYIOM DPa3IUYUMBbl, BUAHBI JIMIIb B KPYyII-
HBIX, HEMPaBWIBHON (POPMBI JOJIBKAX, PACIIONOKECH-
HBIX B IIEHTpE mpemnapara. Tenpia ["accans Obumm Men-

KHe, eIMHUYHbIE, KOHIEHTPUIECKOTO BH/Ia, pacIIoia-
TaJINCh B IIEHTPE THMUYECKHUX JosieK. Kak MbI BuMm,
MIPH TIPOBEJICHUH MOP(OJIOTHIESCKUX HCCIIEIOBaHUN
0 KJIACCHYECKUM METOJJMKaM OKPALIMBaHMs, HE ObLIO
BBISIBJICHO Pa3jIMYMil B THCTOJIOTHYECKOU CTPYKTYype
WMMYHHBIX OpPTaHOB, YTO SIBJSICTCSI CJICJCTBHEM He-
3pesIoCcTr JIMM(POUTHOM TKAHU B 3TOM BO3PACTE.

Hmmynozucmoxumuueckoe
uccneoosanue (CD-3 u PAX-5)
[Ipu uccienoBaHuM TKaHU Cele3eHKU (puc. 2,
A, T, K), 6bu10 BuHO, yTO T-muMoNMThI pacmoa-
raJIuCh IPYIINAMU U [IETIOYKAMHU BOKPYT U BIOJb MTYyJIb-
HapHBIX COCYJIOB.

Puc. 2. 'ucronornyueckasi CTpyKTypa UIMMYHHBIX OPTaHOB TIOPOCHT:

nuMbarudeckue y3isl (4), cenesenka (5), Tumyc (B) 601bHBIX TOpocsT; muMbarndeckue y3isl (1), cenesenka (), tumyc (E)
1 rpynmsr; mumdaruueckue y3iusl (JK), cenesenka (3), Tumyc () 2 rpynmbst. IMMyHOrncroxumudeckas okpacka mapkep CD-3.
VYeemnuenne 400x
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Taxxe MOBOIBHO CHIBHYIO dKcmpeccuio CD-3
MOYKHO HaOITIONIaTh MTPU UCCIIEIOBAHUH TKaHH JTIUM(O-
y3110B. [Toxoxkue TaHHbIe OBUTH TIOJTYYESHBI U B OTIBITAX
apyrux yueHsix [17]. T-numdounTs! B 00IBIIOM KO-
JIMYECTBE PACIONIATAINCH TPAKTUIECKH BO BCEX 30HAX
muM}aTHYECcKOro y31a, KpoMe (POJUIHKYIOB U CHHY-
coB. B Hux skcnpeccust CD-3 1n60 0TCyTCTBYET, THOO
MuHUManbHasA. AnTuTeno k CD-3 Taxke 1ano cuib-
HY0 3KcTipeccuto B Tumyce (puc. 2, D—F). bonpmma-
CTBO KJICTOK TE€CHO Paclojlarajvich B LEHTPE MO3TO-
BOTO CJIOsI, B KOPKOBOM CJIO€ MX IUIOTHOCTH OblIa 3a-
METHO HUXKE.

B numdoysnax u cenesenke PAX-5 mo3utus-
HBIC KJICTKH OBLIO BHJIHO JIUIIb B IIEHTpe TrMdOuI-

r

HBIX ()OJUTMKYJIOB M TEPMUHATHUBHBIX IIEHTPOB COOT-
BETCTBEHHO.

B cootBercTBHY ¢ ToTIOTpad et 1 IMMYHOTHIIOM
JTaHHbIE KJIETKH, HanOoJIee BEPOSTHO, ABIISIOTCS Oact-
HBIMH KJIETKaM{ T€pPMUHATUBHBIX IIEHTPOB, PACIOJI0-
JKEHHBIX B TOJIIE UX B-30H.

B gacTtu o0pasmnoB mexay PAX-5 mo3uTuBHBI-
MU KJIETKAaMH BUHBI KJIETKH O€3 KCIIpECcCuH, ¢ yue-
TOM UX Tonorpaduu 1 MOp(HOIOrHU MOXKHO MPEIIO-
JIOXKUTh, YTO 3TO SINHUYHBIE IMMYHOKOMIICTEHTHbIC
Makpodaru.

I'en PAX-5 kogupyet 6enok — aKTHBaTOp, CIICIH-
(huuHbIi 11 muHAA. B THMYyCce sxcnpeccust PAX-5 o-
YTH HE HaOII0/1aJIach, YTO TaK)Ke BUAHO U3 PUCYHKE 3.

Puc. 3. Tucronornveckast CTpyKTypa IMMYHHBIX OPTaHOB MTOPOCSIT:

nmuMbarmdeckue y3isl (4), cenesenka (5), Tumyc (B) 60IBHBIX TOpocAT; TuMbarndeckue y3isl (1), cenesenka (), Tamyc (E)
1 rpymmst; mumdarnaeckue y3ist (JK), cenesenka (3), Tumyc () 2 rpynmsl. IMMyHOTHCTOXMMIYECKast okpacka Mapkep PAX-5.
Veemuenne 400x
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Pesynprarsl moncuera CD-3 n PAX-5 kieTok npen-
CTaBJIEHBI HIDKE B TabmuIe. BUaHO, 4T0 B UMMYHHBIX
OpraHax IOpPOCST I'PYIIIbI 2 IPOUCXOANIO T0CTOBEP-
HOe yBenuueHue koauyectBa CD-3 KOMIIETEHTHBIX
KIeToK Ha 32 % B cene3eHke u Ha 15 % B numdaru-

YecKuX y3nax. B To ke BpeMs B TUMyce OTMedasln
00paTHBIA 3PPEKT — KOTMIECTBO TOJIOKHUTEITHHBIX
KJIETOK JOCTOBEPHO CHMXaJIoCh Ha 12 % mo cpaBHe-
Huto ¢ rpynnoii 1 u Ha 11 % 1o cpaBHEHHIO C OIBIT-
HOMW IpyMIIOH.

Taoaunna
Tloocuem cycmombel NO3UMUBHBIX KI€MOK 8 UMMYHHbIX Op2anax 6 noie 3perus 400x
CD-3 (1OM0XKHUTETBHO OKPAIICHHBIX KICTOK/M?)
BOJH;HEZ l;zzglcma I'pynna 1 I'pynmna 2
Cenesenka 17,4+244™ 16,7 +2.28" 259+251
Jlumoy3zis 169,1 £532° 171,2 +4,81" 197,2 + 5,44
Tumyc 211,2+4,56" 208,5 +3,81" 187,2+£2,78
PAX-5 (1I00XUTETBHO OKPAIICHHBIX KJICTOK/M?)
Cenesenka 59,4 £6,92 61,1 £7,03 63,5+6,32
Jlumdoyzmst 41,2 +437 40,7 4,14 44,8 £391
Tumyc 2,81+0,29 2,75+0,16 3,02+0,54

* p < 0,05 o cpaBHEHHMIO C IPYIIIO 3
" p<0,01 MO cpaBHEHHIO C TPYIIIOH 3

VYuntsiBas, uto PAX-5 3T0 npoayKT reHa, KoTopslit
UTpaeT poJib HE TOJIBKO B B-kietounoii nuddepenuu-
POBKH, HO M SIBIIIETCS BaXXHBIM TPAHCKPUIIIHIOHHBIM
(haxTopom cemetictBa 6enmkoB PAX. BrisBnennsic us-
MEHEHUS B TMM(ATUIECKUX Y371aX CBUICTEIbCTBYIOT
o BaxxHoU pom PAX-5 B co3peBanuu u nuddepen-
LUPOBKHU PA3IUYHBIX JUM(POUAHBIX KIETOK, OJHAKO
B JAHHOM CJIy4ae ero MOKHO TPaKTOBaTh Kak OEJIOK,
YYacTBYIOIIMH B CO3pEBaHNU UIMEHHO B-1MdormTos.
OtcyTCTBHE TOCTOBEPHBIX PA3INYMIL B €10 SKCIPECCUH
MEXIy rpynnamu ykasblBaeT Ha TO, uTo I M-KC® He
OKa3bIBaJl BIMSAHUSA Ha B-KiieTouHOE 3BEHO.

[Ipu uccnenoanuu sxcnpeccun CD-3 B nmumdo-
y3JIaX M CeJIe3eHKEe OBLIO YETKO BHJHO, YTO IIPH BO3-
neiictun ['M-KC®, nponcxoanuT yBenTn4eHne KOIH-
yecTtBa T-mMM(pOLUTOB, YTO MOXKHO TPAKTOBATh Kak
yCUJIEHME IMMYHHOT'O OTBETA U YBEITMYEHUE UX IPO-
mudepaunn. B nuccnenosanun E. Eksioglu et al (2007)
OBLITO MoKa3aHo, uyTo Bo3eiicTBre [ M-KC® unynm-
POBAJIO MPOAYKLHMIO TPOBOCIATUTENBHBIX IIATOKUHOB
tuna 1, B To BpeMst Kak MPOAYKIMS IUTOKWMHOB TUTIA 2
ronaBisutack. [Ipomudeparus ke amoreHHbIX T-Kire-
TOK YBEIMUMBAJIACh. DTO YKa3bIBAET HA MPOBOCIIAIIH-
TenbHbIN 3¢ ekt nanHoro nutokuHa [ 10]. B uccneno-

Banusix Wang X. et al (2009) Ob110 TIOKa3aHO, 4TO PH-
Mmenenne GM—CSF 3aMeTHO yBeNIMUNBaIO YPOBCHB
nHTep(dhepoHa-raMma M WHTepiIelKiHa-4 B KyJIbType
TUM(OIIUTOB MBIIIEH W CHIBOPOTKAX CBHHEH IOCIe
AHTUTEHHOW CTUMYJISIIMH BUPYCOM PEIPOTYKTUBHO-
pecnupaTopHOro CHHApPOMa cBUHEH. B nanHoit pabo-
T€ TaKXXe yKa3bIBaJIOCh, YTO 3apa)KCHHbIE MOPOCHTa,
kotopsiM ipuMensuics I M-KC® umenu HamHOTO Me-
Hee BBIpaKEHHBIC JIeCTPYKTHBHBIE N3MEHEHHS B JIET-
KHX 10 CPABHEHHIO C WHTAKTHBIMH, YTO 110 MHEHHIO
aBTOPOB YKa3bIBaCT HA YCHUIICHUE I'yMOPAJIbHBIX U KJIe-
TOYHBIX UIMMYHHBIX peakiuii [31].

B pa6ore Yufang Shi (2006) Obu1a mokaszaHa poib
I'M-KC® nmns T-xnerounoro 3sena. GM—CSF, nipo-
JyIIAPYEMBIH aHTUTEH-TTPE3CHTYIOMUMHA KJIETKaMH,
MMeEeT peliaoliee 3Ha4YeHHe TSl aKTUBAIllUU TTOKOS-
mmxcst T-kietok. B Tumyce e Ha000poT — OBLIO
Moka3aHo cHWxkeHue konndecTBa CD-3 mO3UTHBHBIX
kieTok [25]. B uccnenopanusix Shatskikh O. A. yka-
3BIBAJIOCh, YTO YMEHBIIEHHE KonndecTBa T-mumdo-
IIUTOB B THMYCE MOXKET YKa3bIBaTh HA UX YCUIICHHYIO
MUTPALMIO B KPOBOTOK WK TKaHU [9]. B Hamux npe-
JBLAYIINX UCCIICOBAHUAX TAaKKe ObIIO MOKa3aHo yBe-
ymuuenue konndectsa CD-3 u Ki-67 nonoxurenbHbIX
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KJIETOK B TOHKOM OT/IeJIe KUIIIEYHHUKA P BO3JCHCTBUH
I'M-KC® [21,31].

PaHee npoBeieHHBIMH UCCIICIOBAHUSAMU KOJUICK-
THUBOM aBTOPOB OBLIO MPOIEMOHCTPUPOBAHO IOBBI-
LICHWE aKTUBHOCTH KJIETOYHOTO MyJia JUM(OIMTOB
y mopocsT npu npuMmeHenun tepanuu ¢ ['M-KCO.
B nanHOM cnydae, onmchiBaeMoe SIBIICHHE BU3YaJld-
3UPOBAJIOCH KAK MUI'PALIMOHHOE ABMKEeHUE T-KIeToK
B MPOCBET KHUIIIEYHOW TPYOKH, UTO SBIISIETCS Oecrpe-
LEACHTHBIM JI0Ka3aTeIbCTBOM CTUMYISIIIMHA PErHo-
HApHOTO, B JaHHOM Cllyyae KHUILEYHOTO, UMMYHHO-
ro orsera [23].

Xopolue pe3ysabTarhl Jajo NPUMEHEHHE TPpaHy-
JOLUTAPHO-MaKpOo(arajJbHOTO KOJOHUECTUMYIUPY-
ro11ero (akTopa py KyIMpOBaHUHU JTy4eBOH 00Ie3HH
OecriopoaHbIx Oenblx Mblei. Oka3anoch, 4To Moj-
OTIBITHBIE KMBOTHBIE, KOTOPHIM MPUMEHSUIN ITpernapar
¢ conepxanueM ['M-KC®, obnaganu mOBBIIIEHHON
BBDKHBAEMOCTBIO MTOCPEICTBOM AKTHBAIIMA UMMYH-
HOM CHCTEMBI 3a cUeT 0osiee HHTEHCUBHOTO U paHHe-
'O BOCCTAHOBJICHUS KOJIMUECTBA JIEHKOLUTAPHBIX KJle-
TOK, YTO YBEJIMYHUBAJIO MPOAOJKUTEIBHOCTD KU3HH
(20.0 £ 0.8 cyT) B cpaBHEHHHU C KOHTPOJILHOW TPyII-
noii (10.8 £ 0.7 cyT) mocie oOiydeHus B 103e 6.5 rp.
OtmeTnM, 4TO (papMaKOKOPPEKIINS MUEIIOETIPECCUN
pPaAManoOHHON YTHOIOTHH ObLITa 00YCIIOBIIEHA YCKO-
PEHHEM pPEreHepalioHHOTO MPOoLecca MOCPEICTBOM
YBEIMUEHHS YPOBHS HEUTPOPUIIOB. DTO JOKA3bIBACT,
y10 NUTOKUH [ M-KCOD sBisieTcst CTUMYISITOPOM HE
TOJBKO PETHOHAPHBIX UMMYHOKOMIIETEHTHBIX CTPYK-
TYP, HO U BBIIIOJHSIET (QyHKIMIO PA3BUTHUS U CO3pEBa-
HUS1 IMHEHHO crieln(pUYHBIX TeMOIIOATHYECKUX POCT-
KOBBIX (ppaxiuii, KOTOpbIE CTUMYJIUPYIOT FPaHYJIOLHU-
TapHbII pocTOK KpoBeTBOpeHus [30].

3AKJIIOYEHHUE

[IpoBenenHbie MOP(HOIOrUIECKUE NCCISIOBAHUS
MO3BOJISIIOT YCTAHOBUTH, uTo Bo3zaeiictue 'M-KCD
MHIYIHMPOBAIO AKTHUBALUI0 UMMYHOKOMIIETEHTHBIX
CD-3 kieTok B cene3enke Ha 32 % u numdoysnax Ha
15 %. B T0 e Bpems B TUMycCe ObUIO TTOKAa3aHO CHU-
xerne ryctorsl CD-3 nmuMbonuToB nocie npumeHe-
Hus iuToknHa Ha 12 %. [lomydeHHbIe TaHHbIE TOKa3bI-
BatoT, yTo [ M-KC® sBrisiercs nepcreKTUBHBIM UMMY-
HOMOYJIMPYIOINM MPEnapaToM JJis HCIOIb30BAHUS
B BETEPUHAPHOU ITPAKTHUKE.
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Abstract. The article presents the data on the effect of granulocyte-macrophage colony-stimulating factor (GM—
CSF) on the organs of the immune system (thymus, spleen and lymph nodes) of suckling piglets, which had a reg-
istered bacterial infection of the gastrointestinal tract. When studying the morphological structure of organs, con-
ventional histological and immunohistochemical methods were used. For immunohistochemical studies, markers
CD3, PAXS5 were used. It has been shown that the immunostimulatory effect of GM—CSF is achieved by stim-
ulating the pool of T cells. This was manifested by an increase in the number of CD3-positive cells by 15 %
(p <0.05) in the lymph nodes and by 32 % (p < 0.01) in the spleen. In the thymus, on the contrary, a decrease in

CD3 by 12 % was shown (p < 0.05).

Keywords: piglets, gastrointestinal diseases, immunohistochemical studies, immune organs, GM—CSF, CD3, T cells

Bacterial infections of the gastrointestinal tract
(GIT) in newborn animals are a widespread patholo-
gy on pig breeding farms of the Russian Federation.
In young animals of the suckling period, in particular
in suckling piglets, the so-called «diarrhea of the new-
borns» or «neonatal diarrheay is often noted. Accord-
ing to foreign researchers, the prevalence of neonatal
diarrhea is up to 90 % among young animals up to two
months old [14, 20]. According to statistics, 60 % of di-
arrhea cases in piglets were caused by viral pathogens,
23 % — by bacteria, and 15 % — by coccidia [23].

The danger of gastrointestinal infections lies in the
intense and prolonged dehydration of the body, refus-
al to eat and lethargy of piglets. In the intestine, the
synthesis and accumulation of products of incomplete
cleavage (polypeptides, ammonia, residual nitrogen),
which cause toxicosis of alimentary origin, progresses.
The pH of the intestinal contents also changes, which
contributes to the emergence of favorable conditions
for the development of putrefactive microflora and the
occurrence of the gastrointestinal tract dysbacteriosis

[9]. Histomorphometric and cytological studies of the
samples of the small intestine of suckling piglets with
diarrheal syndrome demonstrate a change in the height
of the villousness of the mucous and submucosal lay-
ers of the entodermal canal. The villus/crypt ratio in
animals with diarrheal syndrome is by 1.2—1.4 times
lower than in clinically healthy piglets, which reduc-
es the area of nutrient absorption [4].

Modern studies also show that with the develop-
ment of the gastrointestinal tract pathologies, there is
a violation of the immune system functioning in new-
born piglets. Skorikov A. V. et al. showed a decrease
in the functional activity of cellular and phagocytic im-
munity, as well as inhibition of humoral defense fac-
tors in sick piglets [5].

The combination of factors reducing the resistance
of the body and the circulation of viral agents in the
macroorganism of piglets, as well as an increase in
the activity of pathogenic bacterial flora leads to im-
munosuppression, primarily of secondary organs of
immune defense, located in relative proximity to the
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entodermal canal (spleen, mesenteric lymph nodes).
Sinkora M. and Butler J. E. (2009) have demonstrat-
ed that the immune system of neonates is functional-
ly different from that of adult animals. This is due to
the fact that during fetal development, antigenic stim-
ulation of the body is minimal, which leads to the ab-
sence or very rare appearance of effector and memo-
ry T cells in newborn piglets. The pool of B cells after
birth is also immature and consists of a homogeneous
batch of unprimed B cells, which are CD2 + CD21+
[28]. All these factors indicate that the immune sys-
tem in newborn piglets is primitive compared to adult
pigs. This is also seen in low levels of peripheral lym-
phocytes, underdeveloped lymph nodes, rudimenta-
ry jejunal Peyer’s patches and low number of effector
and immune memory cells. Primed T and B cells are
formed after birth when the body comes into contact
with antigens. Lymphocytes formed during these inter-
actions further develop into memory cells. Therefore,
the effect of pathogenic factors at the early stages of
its formation can lead to a decrease in immune func-
tions in piglets. Thus, the studies of Mikhaylov E. V. et
al. (2020) have stated that the morphofunctional im-
maturity (hypotrophy) of the body aggravates the for-
mation of the immune response and the functioning of
the lymph nodes in piglets [2]. It was also established
that the cellular immunity of piglets in case of gastro-
intestinal infections was characterized by leuko- and
lymphocytosis, an increase in the absolute number of
T lymphocytes with a decrease in their relative level,
the content of T-suppressors and T-helpers, an increase
in the absolute and relative levels of B cells, phago-
cytic activity neutrophils and their absorptive capacity,
the values of spontaneous and stimulated NST-test of
neutrophilic leukocytes with a decrease in their stim-
ulation index [7].

Not only the physiological functioning of the or-
gans of the immune system undergoes changes, but
also the tissue composition of the parenchyma. It is
noted that hypoplasia of the white pulp occurs in the
spleen of piglets, which is expressed in a significant
decrease in its volume and area of follicles, abnormal
changes in the connective tissue parts of the organ (tra-
beculae), and the actual quality and quantity of depos-
ited blood also changes [2]. In a study by A. G. Cino
Ozuna (2013) and colleagues, it has been shown that
in case of an immune deficiency in the lymph nodes,
tonsils, Pfeyer’s plaques and the spleen, there is a de-
crease in the area and number of lymphoid follicles.
Immunohistochemical studies showed that in case of
immunodeficiency there was a decrease in the number
of CD3 positive lymphocytes in the lymph nodes and
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almost complete absence in the spleen. B lymphocytes
were absent in the spleen and could be present in small
amounts in the lymph nodes [19]. Similar results were
shown in the studies by Ito T. (2014) et al., where im-
munohistochemistry revealed differences in the cellu-
lar composition of immune organs and blood between
healthy piglets and the piglets with congenital immu-
nodeficiency [12]. In the latter, in contrast to healthy
individuals, a marked decrease in CD3+ T cells in the
thymus, lymph nodes and spleen was shown. In addi-
tion, flow cytometry showed a significant decrease in
the number of circulating CD3+ T lymphocytes and
an almost complete absence of CD4+ T lymphocytes,
CD8+ T lymphocytes or B lymphocytes in the blood.

As we can see, due to insufficient physiological
maturity of the immune system, immunodeficiency
states that lead to a decrease in productivity and, in
some cases, death of piglets, can develop in piglets
exposed to pathogenic factors. To avoid this, modern
pig breeding uses drugs aimed at maintaining immu-
nity in young piglets. In a study by Vostroilova G. A.
(2018), it was shown that the use of the drug Gentabif-
eron-S in weaned piglets had a positive effect not only
on indicators of cellular immunity, but also reduced the
likelihood of developing gastrointestinal pathologies
and also increased survival and live weight of piglets.
In a similar study, it was also shown that exposure to
immunomodulators led to a decrease in the incidence
of intestinal infections and an increase in livability in
piglets [24]. And with the use of immunostimulants in
sows, an increase in the relative and absolute levels of
monocytes, lymphocytes, T and B lymphocytes, serum
complementary and lysozyme activity was shown. The
higher immune status of sows contributed to the pre-
vention of postpartum pathologies and increased the
viability of their litters. A group of scientists from Chi-
na has also successfully used porcine placenta extract
as an immunomodulator [12]. As a result of the exper-
iments, it was shown that the effect of this extract in-
duced the activation of T and B cells, and also, when
infected with rotavirus infection, a higher concentra-
tion of interferon-y, interleukin-1 beta was found in
the piglets of the experimental group.

One of the promising immunomodulators is gran-
ulocyte-macrophage colony-stimulating factor. This
protein is a polypeptide cytokine belonging to the
group of granulocyte-macrophage colony-stimulating
factors together with interleukin-3 and interleukin-5.
GM—CSF is a regulatory cytokine that stimulates the
growth and differentiation of granulocyte and mono-
cyte dendrites. In human medicine, they are most of-
ten used as hematopoietic stimulants [16].
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In veterinary practice, GM—CSF drugs are rare-
ly used as an immunomodulator. Despite this, stud-
ies show that this cytokine has good application pros-
pects due to its immunomodulatory effect. Somasun-
daram C. et al. successfully used GM—CSF as an
adjuvant in pig vaccination [28]. In another study,
there were obtained the data that the combination of
GM—CSF and interleukin-2 was a good adjuvant for
FMD vaccination, since its use increased the level of
stimulation of T lymphocytes and the level of immu-
noglobulins G [32]. The difference from other cyto-
kines is that this signaling protein can act locally, at-
tracting dendritic cells, so high concentrations are not
required to have an effect [16].

The objective of this work is to assess the state of
the immunocompetent organs of piglets with bacterial
gastrointestinal infection and after antibiotic therapy in
combination with species-specific granulocyte-macro-
phage colony-stimulating factor (GM—CSF).

MATERIAL AND METHODS

A clinical examination of suckling piglets aged
3—S5 days revealed gastrointestinal pathology, charac-
terized by diarrhea, depression and weakness. For diag-
nostic purposes, these animals were subjected to forced
slaughter (n = 4) (slaughter was carried out in accor-
dance with Directive 93/119/E C) and an autopsy was
performed, followed by evisceration of internal organs.
Microbiological and molecular genetic analysis of in-
testinal mucus revealed E. coli of the enteropathogenic
serotype O137. To study the immunomodulatory prop-
erties of the drug GM—CSF, 2 groups were formed,
40 sick piglets each, in which diarrhea of mixed etiol-
ogy was recorded. The first group received quinocol
intramuscularly at a dose of 0.5 ml/10 kg once a day
for 5 days. The second was quinocol at the same dose
in combination with GM—CSF at a dose of 0.1 ml/kg
twice with an interval of 48 hours. From four piglets
from each group (n = 4) (slaughter was carried out in
accordance with Directive 93/119/E C on day 3), sam-
ples of the spleen, thymus and inguinal lymph nodes
were taken for morphological and immunohistochem-
ical studies. The material was fixed in 10 % buffered
formalin solution, then dehydrated in alcohols of in-
creasing strength, and then embedded in Histomix
histological paraffin (Biovitrum, Russia). Sections of
3 wm thick were made from paraffin blocks, which
were stained with hematoxylin-eosin. An immunohis-
tochemical study was also performed for markers CD3
(marker of T lymphocytes), PAXS (marker of B lym-
phocyte regulation). Immunohistochemical study was
carried out on an automatic immunostainer. To visual-
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ize each immunohistochemical reaction, the Dako En
Vision + System Peroxidase (DAB) kit (Germany) was
used. Immunohistochemical staining was performed
according to the instructions in the protocol. For each
reaction, a negative control was carried out (instead
of primary antibodies, a buffer was applied to the sec-
tions). After the immunohistochemical reaction, the nu-
clei were counterstained with Weigert’s hematoxylin.
The specimens were mounted under polystyrene, the
photographs were taken on a Microscreen microscope
(Hosptex Diagnostics, Italy) with a built-in camera.
Cells were counted using the Toup View program and
amorphometric standard. The specimens were mount-
ed under polystyrene, the photographs were taken on
a Microscreen microscope (Hosptex Diagnostics, Ita-
ly) with a built-in camera.

STUDY RESULTS AND DISCUSSION

Morphological studies (GE staining)

Lymph nodes (Fig. 1 A, D, G) in all animals were
covered with a capsule of dense connective tissue. The
drawing of the node was somewhat erased due to a
change in the ratio of its parts. So the paracortical part
was somewhat expanded, with a large number of mac-
rophages in the cytoplasm, in some of them large brown
granules were visualized, resembling hemosiderin at the
optical level. The follicles in all the studied pieces were
small, without distinguishable light germinal centers.

The spleen in sick animals and piglets after treat-
ment (Fig. 1 B, E, H) was covered with a relatively
dense connective tissue capsule, white pulp, mostly
represented by small follicle-like complexes of oval
and irregular round shape without light centers. All the
elements described above were located around the in-
tact pulpal arteries. Red pulp with uneven blood fill-
ing, filled with lymphoid cells with blast morphology.

When examining the thymus, it was shown that in
all groups the lobular structure (Fig. 1 C, E, I) of the
organ was expressed, the stroma was represented by
mature adipose tissue with empty vessels. The lobules
were of different sizes, large ones predominated. The
border of the cortical and medulla was hardly distin-
guishable, visible only in large, irregularly shaped lob-
ules located in the center of the specimen. Hassall’s
bodies were small, single, concentric, located in the
center of the thymic lobules.

As we can see, when conducting morphological
studies using classical staining methods, no differenc-
es were found in the histological structure of immune
organs, which was a consequence of the immaturity
of lymphoid tissue at this age.
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Fig. 1. Histological structure of the organs of the immune system in piglets:

lymph nodes (4), spleen (B), thymus (C) of sick piglets; lymph nodes (D), spleen (E), thymus (F) of group 1; lymph nodes
(G), spleen (H), thymus (/) of group 2. Hematoxylin-eosin staining. 4, B, F;, H — 100x magnification; D, E, G, C, I — 400x

Immunohistochemical study
(CD3 and PAXS5)

When examining the spleen tissue (Fig. 2, A, D, G),
it was seen that T lymphocytes were located in groups
and chains around and along the pulp vessels. A rather
strong expression of CD3 can be also observed in the
study of lymph node tissue. Similar data were obtained
in the experiments of other scientists [17].

T lymphocytes were located in large numbers in
almost all areas of the lymph node, except for the fol-
licles and sinuses. CD3 expression in them is either
absent or minimal.

The anti-CD3 antibody also gave strong expres-
sion in the thymus (Fig. 2 D — F). Most of the cells
were closely located in the center of the medulla. In
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the cortical layer, their density was noticeably lower. In
the lymph nodes and spleen, PAXS positive cells were
seen only in the center of the lymphoid follicles and
germinal centers, respectively. In accordance with the
topography and immunotype, these cells are most like-
ly blast cells of germinal centers located in the thick-
ness of their B-zones.

In some of the samples between PAXS positive
cells, cells without expression are visible, taking into
account their topography and morphology, it can be
assumed that these are single immunocompetent mac-
rophages.

The PAXS gene encodes a lineage-specific acti-
vator protein. In the thymus, expression of PAXS5 was
almost not observed, which is also seen in Figure 3.
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Fig. 2. Histological structure of the organs of the immune system in piglets:

lymph nodes (4), spleen (B), thymus (C) of sick piglets; lymph nodes (D), spleen (£), thymus () of group 1; lymph nodes
(G), spleen (H), thymus (/) of group 2. Immunohistochemical staining for marker CD3. 400x magnification

The results of counting CD3 and PAXS cells are
presented in the Table below. It can be seen that in the
organs of the immune system in the piglets of group 2
there was a significant increase by 32 % in the num-
ber of CD3 competent cells in the spleen and by 15 %
in the lymph nodes. At the same time, the opposite ef-
fect was noted in the thymus — the number of posi-
tive cells significantly decreased by 12 %, compared
with group 1, and by 11 %, compared with the exper-
imental group.

Considering that PAXS is a gene product that plays
arole not only in B cell differentiation, but is also an
important transcription factor of the PAX family of pro-
teins, the revealed changes in the lymph nodes indicate
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the important role of PAXS in the maturation and dif-
ferentiation of various lymphoid cells, however, in this
case, it can be interpreted as a protein involved in the
maturation of B lymphocytes. The absence of signifi-
cant differences in its expression between groups indi-
cates that GM—CSF had no effect on the B cell link.

In the study of CD3 expression in the lymph nodes
and spleen, it was clearly seen that when exposed to
GM—CSEF, an increase in the number of T lympho-
cytes occurred, which could be interpreted as an in-
crease in the immune response and an increase in their
proliferation. The study by E. Eksioglu et al. (2007)
showed that exposure to GM—CSF induced the pro-
duction of type 1 pro-inflammatory cytokines, while
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the production of type 2 cytokines was suppressed. The
proliferation of allogeneic T cells increased. This indi-
cates the proinflammatory effect of this cytokine [10].

In the studies by Wang X. et al. (2009), it was
shown that the use of GM—CSF significantly in-
creased the level of interferon-gamma and interleu-
kin-4 in the culture of mouse lymphocytes and sera of
pigs after antigen stimulation with the porcine repro-
ductive and respiratory syndrome virus. This work also
indicated that infected piglets treated with GM—CSF
had much less pronounced destructive changes in the
lungs, compared to the intact ones, which, according to
the authors, indicated an increase in humoral and cellu-

lar immune responses [31]. Yufang Shi (2006) showed
the role of GM—CSF for the T cell link. GM—CSF
produced by antigen presenting cells is critical for the
activation of resting T cells. In the thymus, on the con-
trary, a decrease in the number of CD3 positive cells
was shown [25].

In the studies of Shatskikh O. A., it had been point-
ed out that a decrease in the number of T lymphocytes
in the thymus may indicate their increased migration
into the bloodstream or tissues [9]. Our previous stud-
ies have also shown an increase in the number of CD3
and Ki67 positive cells in the small intestine when ex-
posed to GM—CSF [21,31].

Fig. 3. Histological structure of the organs of the immune system in piglets

lymph nodes (4), spleen (B), thymus (C) of sick piglets; lymph nodes (D), spleen (E), thymus (£) of group 1; lymph nodes
(G), spleen (H), thymus (/) of group 2. Immunohistochemical staining for PAX5 marker. 400x magnification
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Calculation of the positive cells density in the organs of the immune system within a 400x microscope field of vieT:)ble
CD3 (positively stained cells/m?)
Sick piglets at the age of Group 1 Group 2
3—5d
Spleen 17.4+2.44™ 16.7 £2.28" 25.9+2.51
Lymph nodes 169.1 £5.32" 1712 £4.81" 197.2+5.44
Thymus 211.2+4.56" 208.5+3.81" 187.2+2.78
PAXS5 (positively stained cells/m?)
Spleen 59.4+6.92 61.1+7.03 63.5+6.32
Lymph nodes 4124437 40.7 +4.14 44.8 £391
Thymus 2.81 £0.29 2.75+0.16 3.02+0.54

* p <0.05, compared with group 3
" p <0.01, compared with group 3

Previous studies by a team of authors demonstrated
an increase in the activity of the cell pool of lympho-
cytes in piglets when using therapy with GM—CSF.
In this case, the described phenomenon was visualized
as a migratory movement of T cells into the lumen of
the entodermal canal, which is an unprecedented evi-
dence of stimulation of a regional, in this case, intes-
tinal, immune response [23].

Good results were obtained with the use of gran-
ulocyte-macrophage colony-stimulating factor in the
treatment of radiation sickness in outbred white mice.
It turned out that the experimental animals that received
the drug containing GM—CSF had an increased sur-
vival rate due to the activation of the immune system
due to a more intensive and earlier recovery of the num-
ber of leukocyte cells, which increased life expectan-
cy (20.0 £ 0.8 days), compared to the control group
(10.8 £ 0.7 days) after irradiation at a dose of 6.5 g. It
should be noted that the pharmacocorrection of my-
elodepression of radiation etiology was due to the ac-
celeration of the regeneration process through an in-
crease in the level of neutrophils. This proves that the
cytokine GM—CSF is a stimulator not only of region-
al immunocompetent structures, but also performs the
function of development and maturation of linearly
specific hematopoietic germ fractions that stimulate
the granulocytic germ of hematopoiesis [30].

CONCLUSION
The conducted morphological studies allow us to
establish that the effect of GM—CSF induced the ac-
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tivation of immunocompetent CD3 cells in the spleen
by 32 % and in the lymph nodes — by 15 %. At the
same time, a decrease in the density of CD3 lympho-
cytes by 12 % was shown in the thymus after the use
of the cytokine. The data obtained show that GM—
CSF is a promising immunomodulatory drug for the
use in veterinary practice.
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