UMMYHO.JIOT' sl TEMOMOD3A
VJIK 616.-006
HEpHUHH'{BCKOE Hay4YHOE U3/IaHHE. BHXOHHT JIBaXJ1bl B I'0OJ1

Ocuosau B 2006 roxy

2/2015 tom 13

Vupennreas: POHIL uvenn H.H. Baoxuna PAMH (1a6opa-
TOPHSI HMMYHOJIOIHH TeMOI1073a)

TJIABHBIE PEJIAKTOPA H.H. TYIIUIIBIH, G. JANOSSY
OrtBercTBeHHBIIT cekpeTaps A.B. MoxenkoBa

PeakuHOHHAS KOJLIETHs
3.I'. Kanaruuse (3aM. rI1aBHOTO PeiaKTopa)
E.I'. Typusinckas (Mocksa)
E.B. Apramonosa (Mocksa)
K. Bpouibe (Ppaniyms)

Jix. Biokzaenec (@panus)
JLIO. I'puenioBa (Mockea)
JUxk. Jkanocen (BemnkoGpuTans)
N.C. Joarononos (Mocksa)
T.H. 3a6oruna (MockBsa)
A.M. Kospuruna (Mocksa)
A.M. Komsuios (Mockea)
JI.B. Masypox (Kypran)

A.A. Muxaiinosa (MockBa)
JLII.Ocmanos (Mocksa)
A.W. Iasnosckas (MockBsa)
C.B. Ilerpos (Ka3aHs)

B.B. Munernx (Mocksa)

A.B. Tlona (Mocksa)

H.A. TIpoGarosa (Mocksa)
P.M. Pamazanosa (Kasaxcrau)
U.H. Cepebpsikosa (Mocksa)
I'.C. Tymsin (MockBa)

C.A. Tionsanun (Mocksa)
A.B. ®unaros (Mocksa)
M.A. ®penkens (Mocksa)
C.A. unkapes (JIunenx)
E.H. Ilonoxosa (Mocksa)
A.A. Spnnun (Mocksa)

Anpec penakuun: 115478, Mocksa, Kamupcekoe mocce, 24
Ten./paxc: +7(499)324-90-69
E-mail: imhaemo_hi@ronc.ru, www.ronc.ru/imhaemo_hi

JKypuan 3apeructpuposan B DenepanbHoii ciryx0e o Hax30py 3a
CDGJ"O,':[EH"EM 3aKOHO/AATCJIbCTBA B CClJCpE MacCOBBIX KOMMYHH-
Kaluii ¥ 0XpaHe KyJIbTYPHOTO HaCJIeIHsl.

Caugerenscrso [T Ne ®C 77-23551 or 06.03.2006
Caujerenseto i1 Ne OC 77-24174 ot 19.04.2006

Tloarmicano B mevats 31.12.2015. ®opmar 60x90/8.

Bymara odcetnas. Tapautypa «Times New Roman».

TTeyats odpcerHas.

Vu.-u3x. mctos 7. Tupax 1000 5k3.

Monmucroit namexc Ne 36915

Orneuarano B Tunorpadun «[TIPAKTUYECKASI MEJIMLIMHA»
Tupax 1000 5k3.

Tlpu meperieyaTke MaTEPUANOB CChUIKA HA
«IMMyHOJIOTHIO TEMOI1073a» 00513aTeIbHA
Wsparensckas rpynma POHL[

Koopaunarop: E.I'. Typusinckas. Maxker: b.b. Kpiokos

Vimmynonorus_remornossa.indd 1

HAMATOPOIESIS IMMUNOLOGY
UDK 616.-006
Semi-annual scientific oncoimmunological periodicals

Founded in 2006
2/2015 vol. 13

Founder: State N.N. Blokhin Russian Cancer Research Center
affiliated to the Russian Academy of Medical Sciences, Rus-
sian Federation (HAmatopoiesis Immunology Laboratory)
EDITORS-IN-CHIEF N.N.TUPITSYN, G. JANOSSY

Executive secretary A.V. Mozhenkova

Editorial Board:

Z.G. Kadagidze (Deputy Editor-in-Chief)
E.G. Turnianskaia (Moscow)
E.V. Artamonova (Moscow)
J. Brochier (France)

G. Wijdenes (France)

L.U. Grivtzova (Moscow)
G. Janossy (UK)

1.S. Dolgopolov (Moscow)
T.N. Zabotina (Moscow)

A. M. Kovrigina (Moscow)
A.M. Kopilov (Moscow)
L.V. Mazurok (Kurgan)
A.A. Mikhailova (Moscow)
D.Ch. Osmanov (Moscow)
A.1. Pavlovskaia (Moscow)
S. V. Petrov (Kazan)

B.V. Pinegin (Moscow)
A.V. Popa (Moscow)

N.A. Probatova (Moscow)
R.M. Ramazanova (Kazakhstan)
I.N. Serebriakova (Moscow)
G.S. Tumian (Moscow)

S.A. Tuliandin (Moscow)
A.V. Filatov (Moscow)
M.A. Frenkel (Moscow)
S.A. Shinkarev (Lipetzk)
E.N. Sholokhova (Moscow)
AA. larilin (Moscow)

Adress of Editorial Office: 24, Kashirskoye sh., Moscow, Russian
Federation, 115478. Tel/fax: +7(499)324-90-69

E-mail: imhaemo_hi@ronc.ru

www.ronc.ru/imhaemo_hi

The journal is registered at the Federal Agency of Press and Mass-
media of Russian Federation.

License Ne ®C 77-23551 ot 06.03.2006

License Ne ®C 77-24174 ot 19.04.2006

Zip-code Ne 36915
Published «<PRACTICAL MEDICINE»
Printrun 1000 copies

No reproduction is permitted without reference to Journal
Haematopoiesis immunolog
Coordinator: E.G. Turnyanskaya. Design: B.B. Krukov

03.12.2015 17:48:04



2 HMMYHOJIOTHA T'EMOIIO234

COJEP KAHUE

H.H. Tynuyvin
MOJMOKCUAOHUN B OHKOJIOTHUH (OT PEJAKTOPA) .........c.coonvee. 4

K.-d. Poccu
KAK ITIOBBICUTHb AKTUBHOCTDB KJIIETOK-D®®EKTOPOB
B UMMYHOTEPAIIMI PAKA? ...t 6

Hsanosa A.C., [Iyuxosa H.I'., Hexpacos A.B., [yprosckas A.H., Anpamuna B.A.,
Hawenxos M.B., /lacune FO.A., Macmepnax T'B., [Tunecun B.B., Abpamosa M.A.
MEXAHUW3MBbI ATBIOBAHTHBIX D®PEKTOB

THMOJIAOKCHIOHMTESL. ...ttt 30

H.A. Ko3nos
HNMMYHOMOP®OJOT'NIYECKASA XAPAKTEPUCTUKA
JIEYEBHOT' O ITIATOMOP®03A PAKA MOJIOYHOM KEJIE3bI

MOCJE UMMYHOTEPAITAU MMOJTUOKCUJTOHUEM ................coocearn.. 93
MPOI'PAMMA 12-1 MEXK1YHAPOJHOM KOH®EPEHIIUN
«AMMYHOJIOTUSI TEMOIIOIBA ....ooooeeeeeeeeeeeeeeeeeeee oo 98
MPOTPAMMA 13-l MEKAYHAPOJHOMW KOH®EPEHILIAU
«AMMYHOJIOTHUS TEMOTIOIDZA ....oovoeeeeeeeeeeeereeeeeee e eeveeeeseeneneens 103

Vimmynonorusa_remonossa.indd 2 @ 03.12.2015 17:48:16



HAMATOPOIESIS IMMUNOLOGY 3
CONTENTS
N. N. Tupitsyn
POLYOXIDONIUM IN ONCOLOGY ....cooovieeiriiieieiiesisieeesiseeese s seseneens 5

A.S. lvanova, N.G. Puchkova, A.V. Nekrasov, Ya.l. Gurkovskaya, V.A .Apryatina,
M.V. Paschenkoy, Yu.A. Dagil, T.B. Masternak, B.V. Pinegin, M.A.Abramova.
POLYOXIDONIUM ADJUVANT EFFECT MECHANISMS .......c.ccccocvivnnnae 31

Vimmynonoria_remonossa.indd 3 @ 03.12.2015 17:48:16



4 HMMYHOJIOTHA T'EMOIIO234

MOJMOKCUJIOHUI B OHKOJIOTUU (OT PEJJAKTOPA)

Bropoii Homep xypHana «MMmyHonorust remornos3a» 3a 2015 rox mocesiiexn
B OCHOBHOM HMMYHOIOTHYeCKUM mpobnemam. [IpuBOmUTCS pycCKuil BapHaHT
crarbu XK.-®. Poccu mo nvMmyHoTtepanuu. LleHTpanpHas myOnukaus KypHaita —
0030p /IeTaIBHON XapaKTEPUCTUKH OTCUECTBCHHOIO HMMYHOMOJYIISITOPA M a/IbIo-
BAaHTa — IOJIMOKCHIOHUS (Ha PyCCKOM M aHIIMHMCKOM sI3bIKax). [Ipomormkas Temy
HCIOJIb30BaHUS 3TOTO Iperapara B OHKOJIOruH, npuBoauM crarbio H.A. Koznosa
[0 IMMYHOTHCTOXUMHYCCKOM XapaKTepUCTHKE JIeueOHOro maroMopdo3a paka Mo-
JIOYHO JKENe3bl MMOC/IC UMMYHOTEPAIIUH MOIMOKCHAOHHEM (KIMHUYECKasi Xapak-
TEPUCTHKA JAHHOTO Cily4as maHa B HamreM skypHame (Nel, 2015)). OnucanHbIi
Clydail OJHOTO MaToMop(o3a OIyXoiar Ha (HOHE JICICHNUS! TOTHOKCHIOHHEM CTal
IPEAMETOM Cepbe3HbIX AUCKyccuil. [IpuBomuMas nMMyHOMOpP(hOIOrHIecKas Kap-
THHA aToMOp(o3a HEOObIYHA, OHA HE COOTBETCTBYET HH OZHOMY M3 MMMYHHBIX
WIM BOCITAJTUTEIBHBIX MPOLIECCOB B MOJIOYHOM JKene3e. IMMYHO(DEHOTHIT d1eMeH-
ToB MakpodaransHoit mpupomsl (CD68+CD163—) Hanboiee COOTBETCTBYET Ma-
Kpodaram CBETNBIX MEHTPOB (osuKymoB juMmparnueckux y3mos (tangible-body
macrophages), MOmIONMAINMX POLYKTHI AMONTOTHYSCKOTO pachaga OrpOMHOIO
KOJIMYECTBA LEHTPOOIACTOB, THOHYIINX B IPOLECCE THIICPMYTALMI M CEICKIUH
crienuduueckux KI0HOB. OOBSICHEHUsI MEXaHU3Ma CHCTBHUS TOTUOKCHIOHUS [IPH
paKe MOJIOYHOM JKEJIE3bI CIACAYET, IIO-BHANMOMY, HCKATh B HHIYKIIHH T'yMOPaIbHOTO
UMMYHHUTETA IIPOTHB OIyXOJb-aCCOLMUPOBAHHBIX AHTUTCHOB. JTOMY MEXaHH3MY
MPOTHBOOITYXOJICBOH 3AIMTHI B HACTOSIIEE BPEMsT YACISIETCSI 0c000C BHUMAHHE.

B wmtone 2015 1. B Peibuncke (SIpociaBckas o6macts, Poccust) mpu huHAHCOBOM
nomepxke PODOU (rpant Ne 15-04-20339 T') ycnemHo nposeeHa 12-1 Mexy-
HapozaHast koH(epenuust «IMMyHOIOTHsI TeMOII033a%, IpOrpaMMa KOTOPOii IIpuBe-
JICHA B JJAHHOM JKypHAaJIe, MaTepuasIbl IIPEACTABICHBI Ha caiite WWW.imhaemo.ru.

B Hacrosiiiee BpeMsi Hadara IOArOTOBKA K crienyromieit 13-if koHdepeHmn
«IMMyHOJIOTHSI TeMOTI033a», KoTopas mpoiiaer B bynanerre 3—4 utonst 2016 roza.
I[TpenBapuTenpHast IporpaMma MpeCTaBICHA B TAHHOM HOMEPE JKypHaIa.

H.H. Tynuyvin
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POLYOXIDONIUM IN ONCOLOGY

The second issue of The Haemopiesis Immunology, 2015, is mainly devoted
to Immunology problems. We present J.-F. Rossi’s paper on immunotherapy (in
Russian). The journal’s central event is publication of a detailed review of polyox-
idonium, a Russian immunomodulator and adjuvant (both in Russian and English).
N.A. Kozlov’s presentation on immunohistochemical characterization of breast
cancer therapeutic pathomorphosis after polyoxidonium immunotherapy describes
the use of this drug in oncology (clinical characterization of the presented case was
given in Ne 1, 2015). The described case of complete tumor pathomorphosis aroused
serious discussion. The presented pathomorphosis immunomorphology is unusual
and does not correspond to any of immune or inflammatory processes in the breast.
The immunophenotype of macrophagal elements (CD68+CD163—) most closely re-
sembles tangible-body macrophages that swallow up apoptotic decay products of a
great number of centroblasts dying as a result of hypermutations and selection of
specific clones. It seems that explanation of mechanism of the polyoxidonium effect
in breast cancer may involve induction of humoral immunity against tumor-asso-
ciated antigens. This mechanism of antitumor activity is currently in the focus of
attention.

The 12" Haemopoiesis Immunology International Conference was held suc-
cessfully in June 2015 in the Rybinsk city (Yaroslavl Region, Russia) with financial
support of the RFBR (grant 15-04—-20339 G) and you may find its program at www.
imhaemo.ru.

We are starting preparatory activities for the next 13" Haemopoiesis Immunolo-
gy Conference to be held in Budapest on June 3—4, 2016. This journal issue presents
its preliminary program.

N. N. Tupitsyn
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6 HMMYHOJIOTHA T'EMOIIO234

Kan-Ppancya Poccu

KAK ITIOBBICUTHh AKTUBHOCTbH
KJIETOK-D2O®EKTOPOB B UMMYHOTEPAIIUU PAKA?

Omoenenue cemamonocuu, Monunenve, @panyus

KiroueBbie cioBa: mvmyHoTteparnus, NK, T-KiIeTkH, AEHAPUTHBIC KIETKH,
BaKIMHAIINSA, PaK.

Cnmcok coxpauieHHii

CAR — XuMepHbIii aHTUTCHHBIN peLenTop

DC — neHapuTHBIE KIETKA

IFN — unaTepdepon

IL — uHTepNIeHKNH

KIR — |g-mogo6HbIe pernenTopsl KIeTOK-KHIUIEPOB

NK — ectecTBeHHBIE KIILIEPHI

NKT — T-nmuM)OIHThI ¢ aKTHBHOCTHIO €CTECTBEHHBIX KHIIJICPOB
TNF — ¢aktop HEekpo3a ormyxonei

PocT pakoBBIX KJIETOK 00YCIIOBJIEH HapyIIeHHeM (pyHKIIMH HMMYHHOTO Ha/130-
pa. OIHEM U3 OCHOBHBIX HHCTPYMEHTOB JICUCHHS Paka B HACTOSIIIEE BPEMS CITy/KHT
MMMYHOTEpAMus, IPUYeM 3TOT METOJI CTAaHOBUTCS Bce Oonee 3¢ hexTHBHBIM Ora-
rogapsi Ooinee yriryOJIeHHOMY NMOHMMaHHIO SBICHUI (yHIaMEHTAIbHOH MMMYHO-
JOTUH. BBUTH OTKPBITHI HMMYHHBIE KICTKH-3(()EKTOpBI, IUTOKUHBI, XeMOKUHBI 1
MEeJMaTOPbl IMMYHHBIX CHTHAJIOB — OT BOCTIAJIUTENBHBIX 10 HH(EKIIMOHHBIX MPO-
[IECCOB M IIPOLIECCOB YHUUTOXKEHHS PAKOBBIX KIIeTOK. CO3/1aHbI YCIIOBHUS IS MOJTY-
YEHHS HOBBIX 9()()EKTHBHBIX HHCTPYMEHTOB M pPa3pa0dOTKH ONTHMAIIBHBIX CTPATET Hif
nMMyHoTepanuu. [IprmMep BayKHEHIIEro KIMHMYECKOTO ycnexa — MPUMEHEHHEe MO-
HOKJIOHQJILHBIX aHTHUTEJ, 0COOCHHO NpH B-KieTouHBIX JIMMponponudepaTuBHBIX
3a00JIeBaHUSIX, B JICUCHUH KOTOPBIX TIPUMEHSIIOT pUTyKcuMad — antuteso k CD20.
[To3nHee ObLT pazpaboTaH MEXaHU3M MOJABICHHS KOHTPOJIBHBIX TOYEK MIMMYHHUTE-
Ta B MUKPOOKPY)KCHHH OITyXOJIH, B TOM YHCIIE C UCIIONB30BAaHUEM TaKHX CPEICTB
OrpaHHYCHUS] UMMYHHOTO nofiaBiieHust, kak aHtu-PD1, antu-CTLA-4, antu-PDL1,
anTtu-PDL2 wnu antu-VISTA. Lens 1aHHOTO MOJX0/la — YCTaHOBUTH KOHTPOJIb,
T. €. yHHYITOXKHUTH PAKOBBIE KIICTKH (ITOT MOKA3aTeIb OLEHNBAIOT KaK JUTHTEIBHOCTh
PEMHCCHH TIPH OTCYTCTBUH HIIM HE3HAYUTEIBHOH TOKCHYHOCTH), YTO MPUBOAUT K
YBEIIMYCHHUIO O0IIEH MPOTOIKUTEIBHOCTH KU3HA O0MBHOTO. DPPEKT TOCTUTACTCS
3a CYeT YBEJIWYCHHUS YUCIA U CTUMYILIIUN (QYHKIHOHAIBHOH CHOCOOHOCTH KIle-
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HAMATOPOIESIS IMMUNOLOGY 7

TOK-3(PEKTOPOB UMMYHHTETA, B TOM uHcie ecrecTBeHHBIX KmmtepoB (NK), NKT
U IINTOTOKCHYECKUX T-KIJICTOK, a TakKe MofaBaeHus (QyHKINOHATBHON aKTHBHOCTH
KJIETOK-CYIIPeccOpoB MMMYHHUTETa. B manHOM 0030pe 00cysknaeTcst posb pasind-
HBIX UIMMYHHBIX KJIETOK-3()()EeKTOPOB M CIIOCOOBI TOBBIIICHUS X KIMHIYECKOH (-
(heKTUBHOCTH.

BBenenue

B magane XX B. [layns Dpnux pa3paboTan KOHIICTIUIO 3aIIUTHl OpTaHU3Ma
YeJoBeKa OT paka UMMYHHOM cuctemoii [1]. B mepron ¢ 1940 mo nagama 1960-x .
bepHer ¢ koyuteraMn BBIABHHYJIM KOHIEHINIO «CBOW—YY)KOH» B HMMYHOJIOTHU H
Pa3BHITH HCKO 00 HMMYHOJIOTHIECKOM Haa3ope 3a pakom [2—4]. B XIX B. Hemern-
KHE Y4eHbIE OITyOJIMKOBAIH COOOIICHNUS O 3HAYUTEIBHON PErpecCHH 37I0Ka4eCTBeH-
HBIX OIyXOJeH y MalMeHTOB CO CTPENTOKOKKOBON WMH(EKIHEeH. DTH COOOIIECHNU
HOCITYKIJIM OCHOBOM ISl CHCTEMaTHYECKOTO W3YYEHHUS JINXOPaJKH U HH(PEKUUH B
Ka4eCTBE MMMYHOTEPAIHH, IpeToKeHHON YrbsimoM Komu [5]. Tak pomwumacs um-
MyHoOTepamnusi. HeoOprqaifHO HHTEHCHBHOE Pa3BUTHE MCCICIOBAHUI B 00IaCTH NM-
MYHOJIOT UM TIPUBEJIO K TOMY, YTO KIMHUIMCTHI CTAJIN HCIIOIb30BaTh 3()(EKTHBHBIE
npenaparsl Ha OCHOBE HMMYHHBIX KIIETOK, KOTOPBIC aKTHBU3HPOBAIKCH €X VIVO, a
TaKKe MHCTPYMEHTHI, KOTOPBIE YCHIMBAIN WX aKTHBHOCTH WM MOJABISIM CIICI-
nuIecKre KOHTPOIbHbIE TOYKH UMMYyHHUTeTa. B Havane 1980-X IT. KIMHHUIUCTEI
UCIIONB30BAIM INTOKKUHBI, YYacTBYIOLINE B AKCIIAHCHH ayTOJOTUYHBIX UMMYHHBIX
KJIETOK, B wacTHOCTH T-mmdorutos [6, 7]. 1o 66110 Bpemst uuTepieiikmnnaa-2 (IL)
u uarepdeporos (IFN) [8]. Ayromornupie KICTKU-KHIIEPhI, aKTHBHPOBAHHBIC
TUM(OUNTAMH, BBLACISUTN U3 TUMQPOLHUTOB Iepu(epuiecKoidl KpoBH, KYJIbTHBUPO-
BAJIM ¥ 3aTeM IOBTOPHO BBOAWIN B opranmsM [9]. Tak Bo3HHKIA agonTHBHAS K-
TOYHAS TEPaIsl, 0OCHOBHYIO POJIb B pa3padboTke kotopoii ceirpan Ctus Po3enbepr u3
Harmmmonansnoro nHCTHTYTA paka B betecne, mt. Mapunena, CHIA. Tkaub, okpy-
JKAIOIasi PAKOBbIE KIJIETKH, MOXET COJep)kKaTh MMMYHHBIE KIIETKH, 0ONajaroniyue
IPOTHBOOITYXOJIEBOI aKTHBHOCTBIO. DTO JaeT BOSMOKHOCTB B3STh 00paser] 3Toi
TKaHH ¥ BBIIENHUTH T-HHOUIBTpHUpYIOMHUE TMMQOLNTHI, aTaKyIOIIHe PAKOBBIEC KJICT-
ku. T-unQuiIbTpHpyomue TUMQOLUTHI, CYUTABIIMECS aHTHICH-CIEU()UICCKIMH
T-mumpormTamMy, KyIbTUBHPOBAIN B JIA0OPaTOPHBIX YCJIOBHUSX M 3aTeM BBOIMIH
narenTy [9—11]. OnHako aeiicTBHE pa3THYHBIX HMMYHOCYIIPECCHBHBIX MEXaHN3-
MOB IIPUBOJHIIO K CHIDKCHHIO KIIMHUYECKON aKTHBHOCTH. B eI noBbILeHus 3¢-
(EeKTUBHOCTH M YBEJIMYCHUS IPOJOJDKUTEILHOCTH PEMUCCHH IPUMEHSIIN Pasiiny-
HBIE JJOTIOJHUTENIbHBIE METO/IBI IS OOCIHEHNS SHIOTEHHBIX HMMYHHBIX KJICTOK, C
TeM 4TOOBI BBeACHHBIC T-KIETKH MOIIIM OCYLIECTBIAThH CHEe(DUUSCKHUIl KOHTPOIIb
3a omyxonbio. Crienupudecknii MPOTHBOOITYXONEBEIH 3¢ddekT OplT 00yciioBICH
crieln(pUYECKUM PACIIO3HABAHUEM OITyXOJICBBIX aHTHUICHOB, KOTOPbBIC AKTHBH3H-
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8 HMMYHOJIOTHA T'EMOIIO234

poBainu criennpudeckue T-mamdonutsl. bputi pa3paboTaHbl METOABI BaKIMHALIMN
JUISL YCWIICHUSI TIPEICTABICHUS OIyXOJICBBIX AHTUTCHOB aHTHI'€H-NPECTaBIISIO-
IIUMH KJIETKAMH U TOBBIIICHUS AKTUBHOCTH CIELHM(PHUYESCKUX LUTOTOKCHYCCKHX
T-mamdorros [12]. JansHeiinmii mporpecc 06eCIeYn TeHETHISCKA MOTH(H-
nupoBaHHbIe T-TUMQOUNTEL, 3PEKTHBHOCTH KOTOPBIX TOBBINIATIACH HOCPEICTBOM
T-xnerounoro perenropa (T-CR) wian CBA3BIBAHUS C OTYXOJICBOW KJIECTKOM depes
xumepHbIil anTureHHsii perenrop (CAR) [12]. Tlomumo crierupuueckux muTo-
TOKCHYECKHX T-TMM(OINTOB HEIOCPEACTBEHHOE MM OIIOCPEIOBAHHOE y4acTHE B
YHUYTOXKEHHU PAKOBBIX KJIETOK MOTYT IIPHHHMATh M IPyrHe KICTKH, B TOM YHCIIC
yOT-muMpOIHTBI, KOTOPBIE UCIIONB3YIOT T-KIETOUHBIH PeenTop U JTOMOIHHUTENb-
HbIC aKTHBHPYIOIINE PELENTOPEI [Tl GOPMUPOBAHUS OTBETA HA JIUTaH/bl, HHIYIIH-
poBaHHBIE cTpeccoM, u mHpekunio;, kK HuM oTtHocsTess NK-xmerkn, NKT-kerky,
HEHUTpOQuITEI, MaKpodaru U TydHble KIeTKA. B maHHOM 0030pe paccMaTpuBaroTCs
MEXaHH3MBbl HapylIeHHs (GYHKIMHA UMMYHHOTO HaJ30pa IPU paKke U 00CyKIaI0TCs
Pa3IMYHBIE CIIOCOOBI MOBBIICHNS KIMHUYECKON IIPOTHBOOIYX0JICBOH aKTHBHOCTH
MTOCPENICTBOM KJIETOK-3(PEKTOPOB UIMMYHHUTETA.

Hapyumenue (pyHKIMH HMMYHHOTO HA/i30pa MPH pake

MMMyHOIIOrM4ecKuii HaA30p 3a 3J10KaY€CTBEHHOM OIyXOJIbIO IIPEJCTABIISIET CBO-
ero poaa MeXaHW3M «KOHTPOJISI KauecTBa», OTPaXKAIOLINIl CIOCOOHOCTh MMMYHHOM
CHCTEMBI YJIaBJIMBaTh HAPYIICHUS KJIETOYHOH PEeryisiluy M OTBEYaTh HA HUX IIyTEM
aKTHBALlMM CTPECCOBON PEaKLM! I BOCCTAHOBIICHHS IoMeocTasza. JTa THIoTe3a
ObL1a BriepBbie chopmysrpoBana Dpirxom B 1909 1. 1 pazsuBaiack B XX B. 110 Mepe
yDTyOJeHust 3HaHWH 00 MMMYHHOH CHCTEME, B TOM YHCJIe MEXaHH3Me Paclio3HaBa-
HHS OITyXOJIb-aCCOLIMMPOBAHHBIX aHTHI'CHOB, a TAK)XKE BBIABICHUS MaTOJOTHYECKHX
nocrnencTBuil ee HeahdekrupHocTH (Tabn. 1). B HemaBHO omyOimKoBaHHOM paboTe
Corthay npuBen psi HaOMIOACHHH, KOTOPBIE 0O0CHOBBIBAIOT POJIb IMMYHHOM CHCTE-
MBI B 3aIUTE OPraHn3Ma OT Pa3BHTHSI 3JI0KAICCTBEHHBIX OIyXOiel: 1) moBbIeHne
PHCKa OHKOJIOIMYECKUX 3a00JICBaHMH Y MAIIMEHTOB C IIEPBHYHBIM UMMYHOIE(DHIH-
TOM, TIOAABJICHHEM HMMYHHUTETA IOCTIe TPAHCIUIAHTALMN M HH(EKLHEH BUpyca M-
myHomedurmTa denoseka (BUU-1); 2) wannuwe MHOHUIBTpaTa MMMYHHBIX KIETOK
B IIEPBUYHBIX OIyXOJISIX YENIOBEKa, YTO CIYXKUT HE3aBUCHMBIM IPOTHOCTHYECKUM
(bakTopoM TSt BEDKHBAEMOCTH; 3) HaJIM4YKME MyTAlMil B IHAX, KOXMPYIOMHUX Oern-
KH, Crien(UIecKH paclio3HaBacMbIe aIaITUBHONM WMMYHHOM CHCTEMOH C IEThIO
HE JIOIYCTUTH Pa3pyIlieHHs] HIMMYHUTETA; 4) 3MUMHHALS KJICTOK, MCTIBITHIBAIOIIIX
CTpecc, WM NPEI3JIOKaYeCTBEHHBIX KICTOK JMM(PONUTAMH, UMEIOIIUMHU PELETop
NKG2D; 5) mepcreKTHBHOCTh CTpaTerni MMMYHOTEpPAITHU MyTeM OJOKMPOBAHHS
MOJTEKyYIT KOHTPOITBHBIX Touek umMmyHHTeTa CTLA-4, PD-1, PD-L1 u 2 [14-16]. Kpo-
M€ TOro, IMMYHHas CHCTeMa IOJIABIISAETCS B KAYECTBEHHOM 1 KOJIMUECTBEHHOM IUIaHe
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HAMATOPOIESIS IMMUNOLOGY 9

Tabauma 1
MexaHu3Mbl CHIKEHHST (PYHKIIMH HMMYHHOTO Ha/130pa ITPU OHKOJIOTYECKUX 3a00-
JIEBAHMSX

AHoMaJIuu paKko- | ©  DKCHpeccHs OMyX0JIb-aCCOLMUPOBAHHOTO aHTHICHA:
BBIX KJIETOK — Huzkas skcnpeccuss WM OTCYTCTBHE JKCIIPECCHU
AQHTHI'CHOB Ha MOBEPXHOCTH PAKOBBIX KJIETOK (dMH-
TeHETHYECKUIl KOHTPOJIb, IPOTEOCOMHBIC aHOMAITHH
WM MyTalUd, MeTabONNYeCKIe N3MEHEHHS)
—  Anomanuu skcnpeccun kommiekca HLAI (myrarus,
AQHOMAJTbHBIN MPOLIECC MPEICTABICHNS aHTUTCHOB)
e [IpoayKuus HIUTOKHHOB:
- TGF-p
— TH2-otBer
*  IMMyHONpOTEacOMHBIC aHOMAJIUH
e OrpuuarenbHble PEryjIsaTOpbl UMMYHHBIX KOHTPOJIb-
HBIX TOYEK
*  Myranun 6eJIKOB, KOHTPOIHUPYIOLINX aJalTUBHYIO HM-
MYHHYIO CHCTEMY

H3menennbie uM- | *  V3menenue oTHomeHust 3 (HEKTUBHOCTH 3a CUET KOJIH-
MYHHBIE KJIeTKH YECTBEHHOTO COKPAILICHNUS B PE3yJIbTaTe:
— Xumuorepanuu
—  ComyTcTByrOIUX 3a00ICBAHIIA
e V3menenne orHomenust 3pHEeKTUBHOCTH 32 CUET yCH-
JICHUSI TTOABJICHUS UMMYHHUTETA B PE3yNbTaTe:
—  T-perynsaTopHBIX KIETOK
— Hapymenus nmunensupoBanns NK
— Heiitpoduios (IL17-nmpoxyumnpyromux Tyd)
*  DIUreHeTHYECKUH KOHTPOJIb HMMYHHOTO OTBETa
e TNomumopduzmsr

CocrtosiHue x0351- | * AyroummyHHbIe 3aboneBanusi (cuHapom Lllerpena—
HHA T'yxepo u ap.)

e Unudexumonnsie npoueccs (EBV, CMV u ap.)

e BocnanutensHeie npoueccsl (IL6 u ap.)

e TeHeTHYECKHE U IMUTCHETHYCCKUE COCTOSHHS

* lImMmyHHOE cTapeHue
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10 HMMYHOJIOTHA T'EMOIIO234

CTAQHJAPTHBIMU LUTOTOKCHYECKUMH Tpenaparamu. O0Xo1 IMMyHHTETa IPEACTABIIS-
eT co0oil CIOKHOE SBICHHE, TIOICPKUBACMOE H3MEHEHHUIMHI PAKOBBIX KJIETOK U HX
MHKPOOKPYKEHHUSI, KOTOPbIE MPUBOAAT K CHIKCHHUIO CIIOCOOHOCTH Paclo3HABaTh pa-
KOBBIE KJIETKH MMMYHHBIMH HHOWIBTPUPYIOIIMMHU KJIeTKaMu. B peanmusauun sToro
(eHOMeHa 3a/1eHiCTBOBAHBI HECKOJIBKO MEXaHH3MOB, TAaKHX KaK M3MEHEHHE dKcIpec-
CHU U NIPE3CHTALNHN OITyXOJIb-aCCOLMUPOBAHHBIX aHTUTCHOB, TIPOLYKIHS Pa3INIHbIX
MOJICKYJT, YCHIMBAIOIINX PETYISTOPHOCS/ HHTHOUPYIOIIee OKPYKEHHE aHTHICH-TIPE/-
CTaBIISIOIINX KJIETOK ¥ IUTOTOKCHYeCcKnX T-nmuMponntos. Takum oOpa3oM, Ham4ne
T-perynsaTopHBIX KIETOK B OITyXOJIH, CHIDKEHHE akTHBHOCTH Komriekca HLA-1 Ha
MOBEPXHOCTH PAKOBBIX KJIETOK, @ TAKXKE CEKPELHMs PA3IMYHBIX IUTOKHHOB, MOIU(H-
LUPYIOIINX KICTOYHYIO aKTHBHOCTD, KOPPEJIUPYIOT ¢ HEOIArOIPUATHBIM ITPOrHO30M
WM MeTacTasupoBanneM [17—22]. Dt nu3aMeHeHus 00yCIOBICHBI PSAIOM (haKTOPOB,
B TOM YHCJIE I3MEHEHHEM JIUTCHETHYECKUX METOK B OITyXOJICBBIX KJIETKAX, KOTOPBIE
KOHTPOJIMPYIOT TeHHYIO SKCIIPECCHIO; CIIEA0BATEIEHO, STIMTEHOMHBIE CTPYKTYPBI MO-
T'yT NIPEICTaBIATh HOBBIE OMOMapKephl KaK JUIsi IPOTPECCHPOBAHUS, TaK H KOHTPOJLT
30KadecTBeHHON omyxoiu [23]. CymiecTByer HECKOIBKO MpenaparoB, MOAU(HUIIH-
PYIOIINX SMUTEHETHISCKUI KOHTPOJIb, B TOM YHCIIE THIIOMETUIHPYIOIINE CPeCTBa
W MHTHOUTOPHI AeareTia3 THCTOHOB. OHM B OCHOBHOM IPUMEHSIOTCS B JICHCHUH
NPEISHKO3HBIX COCTOSIHHUM, HO B HACTOSAILEE BPEMsI TAKOKE HCCIIELYIOTCS B KA4eCTBE
MOIH(HUKAaTOPOB UMMYHHOTO OTBETa IIPU pake, B YaCTHOCTH IS IPOLECCHHra M
npezcTaBieHus aHTUreHOB [23—25]. JIist KOHTPOIISt M YHUUYTOXKEHHUSI PAKOBBIX KIICTOK
KPUTHYECKOE 3HAYCHUE UMEET YUCIIO0 KIeTOK-3(dekTopoB. B ycmoBusix in Vitro mwust
YHUYTOKEHHS OHOM PakoBOH KIETKH TpeOyeTcst AeCsTh NUTOTOKCHYECKHX T-1mnM-
(hormToB, omHako Bcero omHOoW NK-KIeTKH HOCTaTOYHO IS YHWYTOXKEHHS JECATH
PaKoBBIX KJIeTOK. Emie ogHuM 13 0CHOBHBIX (PaKTOPOB (D (HEKTUBHOCTH CITYy)KHUT BO3-
MOYKHOCTB JJOCTYIIa HMMYHHBIX KJIETOK-9()()EKTOPOB K PaKOBBIM KJIETKAM M UX MH-
KPOOKPYKEHHIO.

Hcnoab3oBanue yoT-KIeTOK B H”MMYHOTEpPANUU

yOT-KJIETKH TIpencTaBisaioT Hebonbimoe moaMuokectBO (10 %) mumMdonmTos
nepueprIeckoil KPOBH, B KOTOPOM AOMHUHHUpYeT cyonomysimsaVy9Ve2 T-numdo-
IIUTOB, CIIOCOOHAs paclio3HABaTh SHAOTCHHBIN IMya M30oMeHTHINHupodocdara. yo-T-
KJICTKH y4acTBYIOT B (pOPMHPOBAHUH IIPOTHBOBHPYCHOIO M HMPOTHBOOITYXOJICBOTO
MMMYHHOTO OTBETa, a TAKKe MOAYILIIMU IMMYHHOTO oTBeTa [26]. B mpoBexeHHOM
HEJABHO KJIMHMYECKOM HCCIICJIOBAaHNH, BKIIOYAIOIIEM CTHMYIBIIUIO YO-T-KiIeTok
in Vivo B messx MMMyHOTEpanuy, HaOIIoqanach HEOKMIAHHO BBICOKAsl SKCIIAHCHS
NK-kmerok [27]. Takum oGpaszom, yd-T-THMQpOIUTEI B3aMMOICHCTBYIOT CO BCEMH
JPYTHMMH THIIAMH HMMYHHBIX KJICTOK, B TOM 4ncie of-T-rmMdonuramu, perymmpy-
formmu |L-17 y6-T-xnerku, B-mumdponmramMu 11 mpoayKIMA IMMYHOTIIOOYITHHOB
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HAMATOPOIESIS IMMUNOLOGY 11

(19), yaactBytor B ammmudurarmu u akruBanmu NK-KieTok, MOHOIUTOB/Makpoda-
roB U IeHapuTHBIX KIeTOK (DC), rpaHy/ionuToB 1 ME3eHXMMAIBHBIX/CTPOMAITBHBIX
xiretok [28]. Ananormano NK-mumdormram, y8-T-1uM(OIMTE pearupyroT Ha CTH-
MYJBIIHIO JIMTQHAAMH, MHIYIHPOBAHHBIMH CTPECCOM W/MiK MH(EKIHeH, TaKuMH
KaK MOJEKyIbl, poacTBeHHble Kiaccy | MHC, nocnenoBarebHOCTH, pOICTBEHHOM
nomunentuay knacca | MHC (MIC), A/B u cemeiictBo ULBP. O6br4HO 3TH JHTaH-
JbI TIPOSIBIISIIOT HU3KYIO aKTHBHOCTb M HE HKCIPECCUPYIOTCS, HO CTUMYIHPYIOTCS
B IIPUCYTCTBHHU CTpecca WIM WHOEKINH 1 3aTeM aKTHBHPYIOT YO-T-KIETKH IyTeM
cBsI3bIBaHMs ¢ akTuBHpyonmM perenitopoM NKG2D, skcripeccupoBaHHBIM Ha 3THX
KIIETKaX, WM 3a cueT mpsiMoro pacro3nasanmst [29]. Kpome Toro, y8-T-nmumdorm-
TBI TaKXKe IKCIPECCHPYIOT KIIETOYHBIE 00pa3-paclio3HAIONINE PELENTOPbl, TaKHe
kak Toll-momo6HbIe perenTopsl, KOTOpble MOIYIMPYIOT nx aktuBarmio. Vy9Vo2
T-nmuM(OUUTI TIPOSIBIISIIOT CBOKO aKTMBHOCTH myTeM | CR-HE3aBHCHMOIO pacros-
HaBaHMs HENeNTHAHBIX (HOCHOPHINPOBAHHBIX AHTUTEHOB, KOTOPBIC HA3BIBAIOTCS
(hocdoaHTHreHAMH ¥ TIPOAYIHUPYIOTCS MHOTUMH OaKTEPHSAMH WIIH SBISIOTCS TIPO-
JIYKTOM METabOIMIECKOro MyTH MeBasoHaT-u3onpeHona0B [30]. Dtn yo-T-kiietkn
00aaf0T CIIOCOOHOCTBIO MPOSBIATH HUTOTOKCHYECKYIO aKTUBHOCTH B OTHOLICHUH
MHOHUIMPOBAHHBIX WIH TPAHC(HOPMUPOBAHHBIX KJIETOK U IIPOLYLIMPOBATh IPOBOCHA-
JUTENBHBIC TUTOKUHEL, B ToM yncie TNF-a, IL-17 u y-IFN, ctumymupys, Takum 06-
pasom, TH1-otBeT, ocobeHHO mocie akTuBarmu pocdoantureHos [31]. Ananrornuso
NK-kmetkam, yOT-muMponuTs! Takke skcmpeccupytoT perernrrop CD16 (FCyRIII),
KOTODBI aKTUBHPYETCs MOCIIe pacro3HaBaHus (HOCHOAHTUICHOB, YTO NMPUBOAUT K
ADCC [32]. TTomumo (hochoaHTHTEHOB, CITOCOOHOCTHIO aKTHBHPOBATH YO T-Mdo-
LIUTHI TAKOKe 00JIa1aI0T HEKOTOPBIE IPYTHE MOJIEKYIIBI, B TOM YHCIIe OPOMOTHAPUHITH-
podocdar, 4-ruapokcu-3-meTun-0yr-2-3uunmnupodocdar, MonodTHIIHPOOChAT,
JIOTIOTHUTEBHBIC JIUTaH/BI, HAIpUMeEp a30T-cozmepikaiimue Omc(ocoHaTsl, ajIKu-
JIaMHHBI, MOJICKYJIBI, CeKpETHpyeMble CHMOMOTHYECKHMH OaKTepHsMH WM MoJe-
KyJIaMH, TIPUCYTCTBYIOLIIMMHI B PaCTUTENIBHBIX MPOAYKTaX — Yae, BUHE, S0MOKaX M
rpubax [33]. B mocienree BpemMst MEXaHU3M aKTHBAITMH OBLT TIOKa3aH 0oJee YeTKO
B pe3ysbTare HACHTH(OUKAINE MEMOPaHHO-aCCOLMNPOBAHHBIX MOJIEKYJI, KCIIPECCH-
POBaHHBIX Ha KJIETKaX-MHILICHSX, TaKUX Kak B7-poxcTBeHHbIe OyTHPO(DHINHOBEIC
monekymsiCD277/BTN3A [34]. Tocrymnenne T-HHOUIBETPHPYIOMNX TUM(OIUTOB
K OIyXOJIM aCCOLMMPYETCS ¢ MOTEHIHAIOM ITPOTHBOOITYX0JIeBOr0O oTBeTa. Ormyxore-
BbIE KJICTKH ¥ UX MHKPOOKPYKECHHE aKTHBHO y4acTBYIOT B MH(MIBTPALUK 3a CUET
CeKpeluH IIUTOKUHOB. MHTepecHo otMeTTh, 4to V81, VY9V62 T-mumMdoruTh SKc-
npeccupyrot perentopsl utoknHOB CCR5, CCR5 1 CXCR3 cootserctrenno [35].
Kpowme toro, Vy9Vo2 T-nmuMOIMThI SKCIPECCUPYIOT APYTHE PELENTOPbI, TAKHAE KaK
penenrrop NKP1A, MomeKysIbl anre3n TpoMOOIUT-9H/I0TeTHAIbHBIX KIeToK, LFA-1,
L-cenextun u CD44v6 [34, 36]. Akkymysisiiust MeTabOIMTOB MEBAJIOHATA B HEKOTO-
PBIX PAKOBBIX KJIETKaX NPUBOAMT K akTuBaiu Vy9Vo2 T-muMpoIToB — cuTyarmu,
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12 HMMYHOJIOTHA T'EMOIIO234

KOTOpast He HaOJMogaeTcs B HOPMAJIBHBIX KiIeTKax. Kpome TOoro, IMMYHHBII OTBET
MOJKET MOIYJIIPOBAThCS 32 CYET BIMSHUSA Ha METaOOIMYECKHH ITyTh MeBaJIOHaTa pa3-
JMYHBIX TIPETapaToB, B TOM YHCJIE CTAaTUHOB U OuchochoHaToB.

Iporusoomnyxonesblit apdext VyIVo2 T-mumdonuToB mokazaH Ha psze 3710-
Ka4eCTBEHHBIX OITyXoJel, B 4acTHOCTH JTUMQouIHbIX. s ycuenns s¢ddekra
Vy9V62 T-nuM(pOLIUTOB B UMMYHOTEPAITMU PAaKa IPUMEHSIOT JIBE CTPATETruH, B TOM
YHCIIe aJONTHBHBIN MEPEHOC KIIETOK IT0CIIE SKCIAHCHH IN VItr0 U TepameBTHIeCKas
akTUBAIHA iN Vivo Y3 T-muMpormToB GochoanTUreHaMu WiId aMHHOGHC(hOoCchoHa-
tamu ¢ IL-2 B Hu3KkuxX mo3ax. [IpoBenen Meraananu3 13 KIMHUYECKUX UCCIIEI0BA-
HHH C y4acTHeM GOIBHBIX METacTaTHIeCKHM pakoM [37]. BOIbHBIM ¢ COMMAHBIME
OITyXOJIIMH B OCHOBHOM Ha3Ha4aJId aI0NTHBHYIO KJICTOYHYIO TEPAIHIO, a OOIbHBIM
remMoOmacTo3aMu BBOAWIN YO T-TMM(OIMTE TOCHe JeKapCTBEHHOW SKCHAHCHH.
B rpynme agonTHBHON Tepanuu aHAIM3HPOBAIN JONOIHUTEIBHBIC IIEPEMEHHEIE,
OTHOCAIINECS K HCTOYHHKY KJIETOK, THITY SKCIIAaHCHU M TUITY KIMHHYECKOTO HCCIe-
nosanus (I dasa, I/1l pasa ¢ pasasiMu 103aMu KIIETOK). [IpH COMMIHBIX OTYXOISIX
CPaBHUTEJIBHBINH aHamn3 3Q(EKTUBHOCTH CO CTAHAAPTHBIMHU PEKMMaMH TEpaIuy
MOKa3ajJ KIMHHYECKOe NMPEUMYIIECTBO y OONBHBIX MOYCYHOKIETOUHBIM PAKOM H
pakoM mpocrarsl o3aHuX craauii [38]. B rpymme remo6aacto308 HAOMIOAAIOCH Cy-
IIECTBEHHOE BapbUPOBAHNE CTEIICHH SKCITAHCHUH Y OOJIBHBIX MHOKECTBEHHOH MHe-
JIOMOM, HEXOKKUHCKON TMM(OMOIT M XpOHUIECKUM JTUM(OIUTAPHBIM JICHKO30M.
BbI10 TIpennokeHo HECKOIbKO OOBSCHEHUH 3TOT0 HaONIOAEHHMS, BKIIOYAs YHCIIO
T-peryasaTopHBIX KIETOK, CIOCOOHOCTD YO T-TUMQOIMTOB pearnpoBath Ha (ocdo-
aHTureHsl, poib TGF-P, koTopslii, kak n3BecTHO, cHIKaeT dkcnpeccuio NKG2D na
mumdormtax [38], a Takxke pors perynstopHbix YO T-mumpormTtos [39].

OnHO U3 MEepBEIX KIMHWYECKUX MCCICAOBAHUH MpPH reMo0acTto3ax OBLIO OITy-
ommrosaro M. Wilhelm et al., koTopsie oTMETHII XOPOIITYIO TIEPEHOCHMOCTE H BBI-
COKYIO 4acToTy 3(eKra npu UCIOoNb30BaHUH MaMuiponara u 1L-2 B HU3KuX J103ax
[40]. Hama rpymma mokasana BO3MOXHOCTh TIOTYyUCHHST M aMILUTH(HKAIAKA €X VIVO
yOT-nmumdoruToB 3a cuet ucrnons3oBanust ouchocdonaro u IL-2, a Takxke Mbl 00Ha-
PYXKIIIH, 9TO 3TH KJICTKH CIIOCOOHBI YOHBATH KIICTKH Y€I0BEIECKOM MHUEIIOMBI iN Vitro
M CBEXHE KIIETKH, MONYYCHHBIC Y OOJBHBIX MHOXECTBEHHON MHuenmomoii [41]. Mbr
TaKXXe TPOBEJIM MHOTOIIEHTPOBOE KIMHHYEcKoe uccienoBanne |l ¢as3sr ¢ ygactuem
44 GONBHBIX PEIUANBUPYIONICH WK pedpaKkTepHON/ peluIMBHPYIOMIeH (POIUTHKY-
JSIpHOM JIMM(pOMOii (42 ¥ MYHbIe TaHHBIE). BOIbHBIC MOTyYanin KOMOUHUPOBAHHYIO
Teparnuio, BKIoUaromtyo opomoruapuntmpodpocdar (IPH1101 [InnatePharmalnc.,
Mapcens, Opannus]) 750 mr/m? 3 pasa B eHb Kaxpie 3 Hell., |L-2 B HU3KHX 103ax
(8 MME exenneBHO B TeueHne 5 aHEH, Kaxapie 3 Hem.) u puTykcnmad (375 mr/m?
4 pasza B Hezenmo). KiTMHIYIeCKre XapaKTepUCTHKA OOBbHBIX ObLITA CTaHIAPTHBIMH,
MennaHa Bo3pacta cocraBisuia 59 ser (39-74 roma), 47 % wuMenu HU3KHIA MHICKC
FLIPI (47 %), 27 % — nuskuii niu Beicokuii maaeke FLIPI, Mmenuana Bpemern mocie
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nocnenHei Tepamnu — 19,1 Mec. BoNbITUHCTBO OONBHBIX, KOTOPBIM TIPOBOIUIIH aHa-
3 Ha momuMophmsm FCRyRIIa, 6euti Hocutemsivu F/F. Ha Gronornaeckom ypos-
He y OOJBIIMHCTBA OOJBbHBIX BBISBISUIACH celekTHBHAs amruindukanms CD16+ydT-
JTUM(OLIUTOB € OIPEEIICHHOH reTepOreHHOCTBIO, OHAKO ITMK OBLT 3aperHCTPUPOBAH
nocJie repBoro rukita Tepamuu (puc. 1). AMmmuukanus T-peryasTOpHBIX KIETOK He
HaOIIoa1ack, HO OTMEYaIach TEHICHIHS K HEOOJIBIIOMY YBEIIMUYCHHUIO YHCIIA KIETOK
MOCJIe TPEThero IHKJIa JiedeHus. Yactora oObekTuBHOTO d(dexra cocraBuna 50 %
(mecTHbIi HecaenoBarens — 52,6 %; HezaBucumast oteHka — 47,4 %), yactora mos-
Holt pemuccnn — 26,3 % (puc. 2). Ha hore MoHOTEpanuu puTyKcuMaboM BpeMst J10
MaKCHMaJIbHOTO 3(eKTa 0Ka3aioch HECKOIbKO YBEIMYCHHBIM — Ji0 12 Mec. 1o-
cie okoH4aHus Teparnuu (puc. 3). MakcuMasbHble YPOBHH YacTOThI OOBEKTHBHOTO
a¢dekTa 1 9acTOTH TMONHON PEMHUCCHH HaOIIONAINCh Y OOMBHBIX C HU3KUMH 3HA-
gennsivu nHaekca FLIPI (cootBerctenno 57,1 u 33,3 %). IepeHocumocts Obina
OTJIIMYHOM, HeXKeJIaTebHBIC SBICHHS B OCHOBHOM He npeBocxomwy | mmm 11 creneny,
npuyeM B OOJIBIIMHCTBE CIIY4aeB TOKCUYHOCTD Obli1a 00yciioBiieHa BBenenueM |L-2.
He BBIsSIBIIEHO KOppENSIMN MEKIY OHOIOTHIEeCKOH aKTHBHOCTBIO M KITMHUYECKOH 3¢h-
(hEeKTHBHOCTBIO, BKIIFOYAst MAKCHMAJIBHOE YBeInueHue yncia yo T-mmdonuTos, yuc-
710 YO T-mMMGOIUTOB 110 HayaIa Tepaliy, aKTHBALIMIO STUX KIIETOK, T-perysaTopHbIX
KJICTOK, IIPO(HIIB MITM YHCIIO HUPKYIHPYIOIIUX IUTOKHMHOB, HCKITIOYEHHE COCTABIISIIA
MaKCHMaJIbHasi KOHIICHTPALHs pUTyKcHMaba Ha 86-if 1eHb, Kak cOOOLIANoch paHee
[43]. Cuneprusm yOT-muMpOIUTOB U pUTYKCHMaba Takke HaOIIOmaICs W TPU HC-
HOJIb30BAaHUN PYTHX HOBBIX MOKOJICHHI MOHOKIOHAJIBHBIX aHtuten k CD20 [44].
Putykcumad B pesxnmMe MOHOTEpanHy Iokasai 0oJiee HU3KNe 3HAYCHHUST 9aCTOTHI 00b-
eKTHBHOTO 3 {eKTa 1 MEeHee MPOIOILKUTEIBHBIN TTEPUOA PEMICCHH, YeM B KOMOU-
HaIlM¥ ¢ IMMYHOTEpanuel, B 9aCTHOCTH ¢ amruudukanyeit yoT-mumdormTos npu
MO3/IHKUX CTaausIX 3a0oneBanus [45].

yOT-muMbOLUTE — BaXkKHBIE KIETKH, OCYIIECTBILIONINE KOHTPOJIb 32 PAKOBBI-
MH KJIETKaMH U MX YHHYTO)KeHHe. [IoMHMO CBOICTBa INIACTHYHOCTH, OHH 00Jaza-
0T CIIOCOOHOCTBIO B3aNMOJCHCTBOBATH C APYTMMHU MIMMYHHBIMH KJICTKaMH, B 4acT-
Hocti NK 1 DC, nmeronuMu cXoiHble CHCTEMbI (JOPMHUPOBAHMUS OTBETA, TAKUE KaK
Toll-momo6uere perenrroper, NKG2D, CD16 u apyrue perenropsl. Ha kmuamde-
CKOM YPOBHE 3TO 3HAYMUT, YTO [IOMHUMO KOMOMHHPOBAHHS C MOHOKJIOHAJIBHBIMH aH-
THUTEIAMH MOXKET MPEJICTABIATh HHTEPEC N00ABICHNE IPYTUX MOJIEKYII, HallpIMep
arornctoB TOll-momo6HBIX perenTopoB, MO0 CO3MaHNE KYIBTYPATBHON CHCTEMBI
JUTSL CMEITUBaHUS 9THX (P (heKTOpHBIX KieTok [29, 38, 45-47].

Mpumenenne NK-1umM¢pouuToB B MMMYHOTEpANHH

NK-nrMdouuTsl OblTH BriepBbie HaeHTH(UIPOBaHbI B 1975 . kaK yHUKaIb-
HOE TTOAMHO)KXECTBO JTUM(OIMTOB, OTIHYaromeecss MOp(OIOrHIeckn U (yHKIIHO-
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HAJIBHO Kak oT B-, Tak n T-mumdonnTos. [y moHMMaHUS NX ONOJIOTHH U (QYHKIIHI
notpedoBanock Muoro Bpemern. NK-numdormtsr onpesensiorest kak CD3-CD56+-
TUMQOUUTEI C PA3IMYHBIMU LHUPKYIUPYIOIIMMH OIMHOXECTBAMH, B YAaCTHOCTH
BKJIIOYaromumMu cyononynsuun CD56%9 y CD56%™, TTpuGausurenso 90 % uup-
kymupyromux NK u NK cenesenku orHocsTes k noamuoxkectsy CD569MCD16* u
HPOSIBISIOT IIUTOTOKCHYECKYI0 aKTHBHOCTD ITPH B3aMMOJICHCTBHY C KIIETKAMHU-MH-
mensiMu [48]. B To ke Bpemst auM(Oy3IIbl 1 MHHAQIHHBI B OCHOBHOM COZICpIKaT
noaMHuoxkectso CD56™9MCD16~, KoTopoe NpoAyLHUpyeT HUTOKUHBI, TaKHE Kak
IFN-y, B otBeT Ha crumyssiimio 1L-2, IL-15 u 1L-18 [48]. NK-nmumdonutsr 651cTpo
YHUYTOXKAIOT KJICTKA-MHUIICHH HE3aBHCHMO OT IPEAIISCTBYIOMEH MMMYHH3ALHU
i MHC-pecTpuKuny, 9To MO3BOJSET HCIONB30BaTh AKTHBALUIO ITHX KIIETOK
B IEIIX MMMYHOTEPAHU. DTOT IIPOLECC aKTUBALMU PETYIUPYETCS MEXaHH3MOM
0aJaHCUPOBKU MEXXIY WHIHOMPYIOIIMMH M aKTHBHPYIOLIMMH CHTHAJIAMH OT pPas-
JMYHBIX PELENTOPOB, B TOM YHCJIE perenTopoB muTotokcnyHoct NK, perentopos
nexruna C-tuma (NKG2A/B, NKG2C, NKG2D, NKG2F) u Ig-riomo6HbIx periernro-
pos knerok-kuiiepos (KIR) [48]. CrnoxHOCTE 00yCIOBICHA TEM, 9TO KaK WHTHOM-
pYIOLIHE, TaK ¥ aKTHBHPYIOIINE MOJIEKYIJIbI MOTYT IIPHHAUICKATH K OJHOMY H TOMY
’Ke ceMelcTBy. Jleno B TOM, YTO 9TH MHOKECTBA aKTHBHUPYIOLIUX U CTOXaCTHYECKH
HKCHPECCUPOBAHHBIX HHIMOUPYIOIINX PELENTOPOB KOHTPOIUPYIOT pa3sIMyHbIe ITa-
IIBI ITPOLieCcca IUTOTOKCHYECKOTO JINM(OLIUT-0ITOCPEAOBAHHOTO YHHUYTOXKCHUS KITe-
TOK-MUILEHeH, B ToM yrciie cBa3biBanne NK-1uM$onnTos ¢ KieTkaMi-MHIICHIMH,
HOJIAPU3ALIO JINTHYECKUX I'PaHy)l B HAIPABJICHUH KJIETOK-MHUIIEHEH W JerpaHy-
mstro [49, 50]. B mocraBke curnanoB k NK-kieTkam CyImecTByeT omnpeneaeHHas
nepapxus, B TOM 4HCIIe IpeaBapuresbHoe coenunenne NK-KIeTok ¢ MoneKyaaMu
MHC | xacca nmocpeacTBOM WHTHOMPYIOLIMX PELENTOPOB — CHTYaIHsl, 3aBHCS-
Iasi OT YHCIIa BOBJIEYCHHBIX B IPOLECC MHTUOMPYIOUIMX PELENTOPOB M MPOYHO-
ctu cBsazu ¢ MHC, n 3areM ycuieHHe OTBETa Ha MOCHEIYIOIINE aKTUBHPYIOIINE
CTHMYJIBI TIOCPEICTBOM IIpoLiecca, KOTOPBIM Has3blBalOT JHIeH3upoBanueM NK-
kietok [51-52]. Hecmotpst Ha 1o uto NK-KJI€TKH QYHKIHOHUPYIOT KaK KICTKH
BPOXJEHHOTO MIMMYHHTETA, NOSBIAETCS BCEe OOJbIIE JaHHBIX, YKA3bIBAIOIINX, YTO
OHH B ITPOLIECCE PA3BUTHS MIPOXOAAT O0yUEHHE U 0TOOP, a TAKXKE YBEIMINBAIOTCS B
KOJINYECTBE B OIPEIETICHHBIX CTPECCOBBIX CUTYAlUsIX U MOTYT IT€HEPUPOBATh JOJI-
TOXKUBYIIHME KICTKH mamsith [53].

[Tockonpky NK-KIeTKH HrpaioT BaXKHYIO pOJIb B MEXaHM3Max 3alUThl OT HH-
dexuuii 1 paka, pa3padaTbIBAIOTCS TEPACBTHYECKUE CTPATETHH, MCIIOIb3YIOIINe
OIIPE/ICIICHHbIE MMMYHHBIC MOJIYJISTOPHI, €X VIVO aMIUIH(UKALMIO ayTOIOTHYHbIX
NK-KJIeTOK ¥ MHBEKINH aJIOTeHHBIX aMIUTH(UIMPOBAHHBIX U aKTHBHPOBAHHBIX
in vivo NK-kmeTok mpu momoIny mUTOKWHOB, Takux kak IL-2, IL-12, IL-15, IL-
18, IL-21 u IFN-y [54, 55]. B pesynsrare Takodl CTUMYJISIMA KJICTKH CTAHOBSATCS
JTUM(OKMH-aKTHBUPOBAHHBIMU WM IUTOKHH-aKTUBHPOBAHHBIMH KJICTKAMHU-KHUJI-
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nepamu, eciii 100aBuTh K Kyabtype IFN-y 3a 24 4 10 CTUMYISIIIMK aHTUTETaMH K
CD3 mroc IL-2 [56, 57]. IluToTOKCHYHAS aKTHBHOCTH IIMTOKWH-aKTHBUPOBAHHBIX
KJIETOK-KUIUIepoB Oosiee ueM B 70 pa3 MpeBbIIaeT aKTUBHOCTh JTUM(pOKUH-AKTH-
BUPOBAaHHBIX KyutepoB [57, 58]. Jlns nu3nca omyXomneBbIX KIETOK Tpebyercst 2 X
10™ nuMQOKMH-aKTHBUPOBAHHBIX KHJLIepoB u Bcero 0,5-5 x 10 nurokwH-akTH-
BHPOBAHHBIX KICTOK-KILIEPOB [57]. IIUTOKMH-aKTHBUPOBAHHBIC KICTKH-KUILICPHI
npeacTaBisroT coboit cmech T-, NKT- m NK-ki1eTok, Bce U3 KOTOPBIX IKCIIPECCHPY-
1ot Takke CD16, CD45RA, CR7, CD27, CD28 u npyrue pa3HooOpa3Hbie MapKephbl.

Js momydenns GompmmHcTBA NK-Kietox HeoOxommmo yrmamuTs T-KIETKH.
B cBsi31 ¢ TeM 4TO NPHMEHEHHE aJUIOTEHHBIX T-KIETOK acCOLMUPYETCS ¢ peaKIy-
el «TpaHCIUIAHTAT MPOTHB XO3SMHA», JUISl OTPAHUYCHHUS STOTO OCJIOKHEHHS MaK-
cuMaibHOE YHCI0 T-KIeToK He MomkHO mpeBbimars 1 x 10%kr [59, 60]. Iemsro
paHHUX HCCIEeJOBaHMH Obula aMIDIMGUKAIMSA W aKTHBALUS IIPOTHBOOITYXOJIEBOH
akTUBHOCTH ayTonornuHbIx NK-kiaerok. [y Toro 4To0Bl OrpaHUYHUTh SKCIIAHCHIO
T-peryaTopHBIX KJICTOK B JIUM(OKHH-aKTHBHPOBAHHBIX KHJUIEpax, HEOOXOIUMO
OCYIICCTBUTH AJONTHUBHBINA TEpeHOC eX VIVO ammmnpunnpoBanHbx ducThix NK-
KIIETOK. B jleueHnn oCTporo MMEIOUAHOTO JEWKO3a U MHOKECTBEHHON MHUEIOMBI
ObLI IPUMEHEH AaJbTEPHATHBHBIA TEpareBTHYECKUH ITOAXOA C HCIIOIb30BaHHEM
MoHOKIOHaNBHBIX aHTUTeN K KIR, KoTopsie 6mokupyror NK-kmetku, sxcmpeccu-
pyrolire HHrHOUpyromne perentopsl, creruduunsie mist MHC-1 [61]. Brepssie
KIR-MucMaTy OBIT MPOaHAM3UPOBAH y OONBHBIX, IEPEHECIINX aIIOTPAHCIIAaHTAa-
IIMIO; PE3YIbTAThI TI0KA3aJIU TIOBBIIICHHE BBDKUBAEMOCTH, CHI)KCHHE BEPOSITHOCTH
MH(DEKUNH, CHIDKEHHE YHCiIa CIydacB Peakliuy «TPAHCIUIAHTAT IPOTHB XO3SHHA»H
PeLIUBOB Y OOJBHBIX C ATOH XapaKTEPUCTUKON HE3aBHCHMO OT APYTUX (hakTopoB
[62, 63]. Amorennbie NK-kietku ¢ KIR-MiCMaTd 1eMOHCTPHPYIOT MTOBBIIICHHYTO
IPOTHBOOITYXOJIEBYIO aKTHBHOCTH, 0COOCHHO NP OCTPOM MHEIIOHIHOM JIeHKo3e
[60, 64]. TIpu ycnoBuM MHHUMAIBHOW KOHTAMHHAIMH T- U B-KJIETOK mepeHocH-
MOCTb Obuta oTaM4HON. KimmHnueckas 3(heKTHBHOCTh OTMEUYEHA IPH Pa3IHYHBIX
reMo0IacTo3ax M COMMIHBIX OMyXousix [54].

B nensix ynpomienus npoueayps! KyasTHBUpyIoT kietounsie tuHuE NK. Cpe-
a1 NK-KIEeTOYHBIX JMHHH ¢ aKTHBHOCTBIO NMPOTHB 3JI0KAUYECTBEHHBIX OITyXOJei
peructpanuio FDA nonyunna nuanss NKG2, nmokasaBiiasi moteHuuan Juis npo-
THUBOOIYXOJIeBOH (P PEeKTUBHOCTH M Oe30macHOCTh npuMeHeHus. Kak ciencraue,
knerounyto uHnio NKG2 cranu Ucrosib30BaTh B KaYeCTBE MIaTGOPMBI IS KCCIIe-
JIOBaHHI MPOTHBOOITYX0JICBOH nMMyHOTepanuu Ha ocHoBe NK-kietok [54].

OcTafoTcss HEpemIeHHBIMH BOMPOCH OTHOCHTENBHO mpoucxokaeHus NK-
KJICTOK, HCIIONIb3yeMBIX B Ka4eCTBE JICKAPCTBEHHBIX IpernaparoB (u3 mepudepu-
YECKOW TN ITyMOBHHHON KPOBH), Cr1O0co0a aMIuTMUKALMY U aKTHBAIMH, TOCTYII-
HOCTH JIOKQJIN3alUH OITyXOJNU M YHCIa KIETOK, HEOOXOOUMBIX I YHHUYTOXKCHUS
OITyXOJIEBBIX KJIETOK — TMapaMeTPOB, OTMPEACIAIONINX ONOIOTHUYECKYI0 3 dek-
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TUBHOCTH TEPANEBTHUECKOW cTpareriu. B mocieanee Bpemsi ObUIO MOKa3aHO, 4TO
NK-kieTku U3 myrnoBHHHON KPOBHU TPEICTABISIOT Pa3Hble CYONOMYISIIMN, B TOM
YKCIIe KIETKH-TIPEIIECTBEHHUKN, KOTOPBIE MOYKHO CTUMYJIHPOBATh U aMILTH(UIH-
POBAaTh st TPOBECHHUSI KIMHIMYECKUX HcciaenoBanmii [65, 66]. Mucmary-KIR-mm-
raH]| IJIaBHBIM 00pa3om oOycrnosieH nurangamu detbipex Gopm KIR: KIR2DL1,
KIR2DL2/3, KIR3DL1 u KIR3DL2 [67]. AmonTHBHYIO HH(Y3HOHHYIO TEPAITHIO
NK mpoBoanium y OGONBHBIX OCTPBHIM MHUEIOHIHBIM JICHKO30M, HEXOHKKHHCKON
TuM(OMOH ¥ MAIIMEHTOB C COIUIHBIME OITYXOJISIMH MOJIOYHO# KeJIe3bl, SMYHUKOB,
JIETKOTO W TosicToi Kk [68]. B HacTosIIee BpeMsl B pa3HBIX CTpaHAX MHpa OCy-
mectBisiercs psax nporpamM. Cenexmmro NK MO)kHO TIpOBOINTE TIPH TTOMOIIHN Ce-
JICKIIMOHHBIX CUCTEM KIMHUYECKOTO Kilacca, HalpHUMep OYHUCTUTEIBHBIX KOJIOHOK.
AMIUTHUKATNIO OOBIYHO TIPOBOIAT MPH TIOMOIIH PA3INIHBIX TATOKAHOB: IL-2 u/
i 1L-15, IL-18 u IFN. AxtuBarmio NK-k1eTOK MOKHO BBITIOJHSITH Pa3IMIHBIMU
croco0aMi, B YaCTHOCTU C MCIOJIb30BAHUEM KieTo4HOW nuHnu K562 wim EBV-
TMQOOITACTOMTHBIX KICTOYHBIX JTnHU# [69, 70 1 mudHbIC HaHHBIE].

HpnMeHe}me l'lpﬂMOﬁ u Hel'lpﬂMOﬁ AKTHBAIIUA HUTOTOKCHYECCKUX
T-kneTok B HMMYHOTEpanuu

Onyxonecnenuduunbie CD8 nurorokcnyeckne T-TuM(OIUTH TEHEPUPYIOTCS
B Pe3ybTaTe NOBTOPHON CTUMYIISIIMA MOHOHYKJIEAPHBIX KJICTOK MepH(peprIecKoit
KPOBH OITyXOJIb-aCCOIIMUPOBAHHBIMU aHTHI'€HAMH, HSKCIPECCUPYIOIMMH aHTH-
reH-TIpeICTaBIIAIoImue KiIeTkH, HanpuMep DC, 1 HeKOTOPBIMH [TUTOKUHAMH, B TOM
uncne |1L-2, IL-7, IL-12, IL-15 u I1L-21 [71]. UaeHTH(UIMpOBaHbI OMyX0Ib-acCo-
[IUMPOBAaHHBIC AaHTUT'€HBI, IIPHYEM HEKOTOPBIEC 3 HUX IIPUMEHSIOTCS B IIPOrpaMMax
BaknuHarwu [72]. DC mpeacTaBmsior co0o0i MOMyIIAINNI0 KIETOK, OTIHYAOIHXCSE
BBICOKOH CTEIICHBIO FeTePOreHHOCTH, BEIPAXKECHHOH IUIACTHYHOCTBIO, HO UMEIOIIHX
o6mue mopdosornueckue ocodbernnoctu. CozpeBanre MoHouuToB 10 DC 00ycioB-
JICHO HECKOIbKMMH MEXaHH3MaMH, B TOM YHCIIE ICHCTBHEM [IUTOKHHOB, 3TOT IPO-
[ecc BKJIIOYAET MPEACTABICHUE aHTUTCHA M yYacTHE HECKOJIBKHX THIIOB KIETOK,
UTPAIONIHMX LEHTPAJIBbHYIO POJIb B KOMMYHHUKAIIMH MKy KJICTKAaMH, B YACTHOCTH
T-xnetok [73]. Ayromoruusnsie 3pensie DC MOTYT OBITH TIOMyYCHBI €X VIVO TpH
00paboTKe OIyXOJIb-aCCOLMUPOBAHHBIX AHTHI'CHOB HJIM KJICTOYHBIMH JIM3aTaMH.
Kparko mponecc BBINISIOUT CIEIYIOIIMM 00pa3oM: METonoM adepesa IMoimydaioT
MOHOHYKJIEApPHBIE KJICTKH ITepU(pepuIecKoil KpOBY, KYJIbTHBUPYIOT CHa4aa B IPH-
cyrctBur GM-CSF u IL-4 wu I1L-13 B Teuenue 5—7 nHeit, 3aTeM Ha BTOPOM dTarie
KyJIETHBHPOBAHHUS TOOABIIAIOT OSIIKH HIIH JIM3AThI OIyX0JeBhIX KieTok, PHK, anom-
TOTHYECKHE KJIETKH MM OITyXOJb-aCCOLMMPOBAHHBIC aHTHI'CHBI, 11OCIE Yero Jo-
oasistror TNF-a, CD40L miu aroHrcTiYHbIE MOHOKIOHAIBHBIE aHThTena kK CD40
wrioc Poly-1C u KyapTHBHPYIOT eriie 2 JHs, Kak MmokasaHo Ha puc. 4 [74].
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AxtuBaipss DC nprBOAMT K TOBBIIICHHIO dKcnpecckn Monekyn kimacca | u |l
MHC, CD63, CD80, CD86, CCR7 u cumxkenuro skcipeccun mosekyn CD14, a rak-
)K€ CEKpEeMy MHPHAJIOB IIMTOKHMHOB M XeMOKHHOB, B ToM umcie IFN, TNF-a, IL-1,
IL-4, IL-6, 1L-10 IL-12 u 1L-23, crocoOHBIX yIpaBisiTh UMMYHHBIM OTBeTOM. Jliist
MPOM3BOJICTBA TEPATIEBTHUCCKUX BaKIlHH, 3apeructpuposanusix FDA (Sipuleucel-T),
UCHOJIB3YIOT aJbTEePHATHBHBII MOIXOM: ayTOJIOIMYHbIE MOHOHYKIICapHBIEe KICTKH Iie-
pudepuueckoii kpoBu MHKYOHpytoT ¢ OenkoM camsiinst GN-CSF kucnoit docdara-
36l IPOCTATHI, KOTOPBIH 3aIyckaeT nporecc cospeBanus MoHonutos 1o DC. B xozxe
PaHIOMH3UPOBAHHOIO MCCIIEAOBAHMS MIOKA3aHO, YTO ATOT TEPATIEBTHYCCKUM ITOIX0L
o0ecrieyrBaeT MOBBIIIIEHIE METHaHbI BEDKUBAEMOCTH Ha 4,1 Mec. IIpu pake IpoCTaTH,
PE3UCTEHTHOM K KaCTPAIlnH, TI0 CPAaBHEHHIO ¢ KOHTPOITBHO# Tpymmoii [75]. Levy et al.
IPOBEJIM PACIIMPEHHBIC MCCIISOBAHNS, HAUYMHAS ¢ MAMOTHIIMYCCKOH BaKIMHALMI B
KOMOMHAIIMN C MIMMYHHBIMH aJJbIOBAaHTaMH — TEMOLMAHWHOM MOPCKOTO MOJITIOCKA
¢duccypemmn 1 GM-CSF wnm ¢ DC ¢ nanotumaeckoit Harpyskoii [76, 77]. ITposeme-
HO HEeCKOJIBKO nccaenoBanuii |11 ¢aspl, B ToM gucie 1Mo omneHke puTykcumada, KOTOphIe
MOKAa3aJIM YBEJIMYEHHE IePHoaa KOHTPOIJISI MUHUMAIBHOTO OCTATOYHOTO 3a00JIeBaHMU
[78]. Mbr ipoBernu uccenoBanue |l dassr mo onenke Teparmu Ha ocHoBe DC, Harpy-
KEHHBIX JIN3aTOM OITyXOJIEBBIX KJIETOK, y OONBHBIX (hOITHKYISPHOI TUM(pOMOit B Iie-
puox petausa. Jledenne nomyannu 11 O0NbHBIX, U3 HUX Y 2 ObLIa 3aperucTprpoBaHa
TOJTHAS] PEMUCCHSI 0 BaKIIMHALIMH 1 y 2 TIOCJIE IPOrpaMMbl BaKIMHALMH (prc. 5). Mbr
YCTaHOBUIIM TAKKe, YTO B KA4ECTBE MHANKATOpAa HMMYHHOTO OTBETa MOYKHO HCIIOJIb-
30BaTh JaHHBIC MTO3UTPOHHOM SMUCCHOHHOM ToMorpaduu ¢ [18F] dropmesokcuriio-
ko30ii (depe3 15 mueit mocne BakmuHawmm) [79]. Tlocme Gomee 30 €T KIMHAYCCKUX
nccnenosanuii DC B kauecTBe MeMaTopa BaKIIMHALMOHHON TEPaIiy IIPU paKe KIMHH-
YECKHe Pe3yIbTaThl OKa3aJliCh HEYTEIINTEIbHBIMI: 4acTOTa OOBEKTUBHOIO d((eKTa
cocrasuia Beero 15 % [80]. TTomuMo orpaHHUCHHON KIMHUYCCKOH 3 ()EKTHBHOCTH,
IJIaBHOE HEyNOOCTBO Tepary Ha ocHoBe DC cocTONT B IepCOHAIN3UPOBAHHOM Xa-
pakTepe MeTo/a, 9TO CO3/1aeT MPOOIEMBI U IIUPOKOTO MPUMEHEHHs. B cBs3u ¢ aTiM
HOBBIf WHTEPECHBIA TOXOM, KOTOPHIM MOXKET OOBEAMHHUTH HMpeHMyIIecTBa (pr3no-
JIOTHYECKOTO OKPY)KEHHsI, MpeAcTaBsitoT akrusarwst DC in Vivo win ammumdukariis
AKTHUBHOCTH 9THX KJIETOK. J{aHHBINA OIXO0/ BKIIOYACT TAKXKE IPUMEHCHNE NMMYHHBIX
QIBIOBAHTOB, CIIOCOOCTBYIOIINX JI0CTABKE aHTHUI'€HOB — MHHEPAJIBHBIX COJICH, IMYIIb-
CHii U JINTIOCOM HIT HIMMYHOCTHUMYJISITOPOB, TaKuX Kak Juraspl T0ll-momobHsIx pe-
1enTopoB (ocobeHHo aroHucTsl TLR 7/8, HamprMep ceMeicTBO MMHIA30XHHOIMHOB
[81]), uuTOKMHOB, CAOHHUHOB, GAKTEPHAIBHBIX DK30TOKCHHOB M 3K30coM [82—86].
Taroke peaMeToM AUCKYCCHH OCTAeTCS MECTO MHBEKIMH, OJHAKO NIOKA3aHO, YTO IIPH
BBeeHnH B koxxy DC, Harpy»keHHBIX €X VIVO, a TaKKe IPHU HCIIOIb30BaHNN CTPATEr il
Ha ocHoBe DC, akTHBHpOBaHHBIX iN VIVO, HAGTIONACTCS yCHIICHHE HIMMYHHOTO OTBETa
[84]. Usyuaercs apdexruBrOCTS MUTparmu DC k miuMdoy3iaM, KOTOPYIO CBSI3BIBAIOT
co cremnenbro 3penoctu DC u sxcnpeccueit CCR7 [87].
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Ha ocHoBe Bcex 3TnX MONEKyN, MOAU(DHIMPYIONIMX MHKPOOKPYXKEHHE B Op-
TaHU3ME XO3SMHA, CO3/IAI0TCSI HOBBIC TEpareBTHUECKHE MOAXOAbl. IIepBBIM TakuM
MOZIXO/IOM B TAHHOM KOHTEKCTE CIIYKUT JuMmdozertenus. Jinmdoneruennto Mox-
HO MHJYIIMPOBATh OOJYydEHHEM BCETrO Tela, HEMHEIOAONAaTUBHON XMMHOTEparei
B Ka4ueCTBE JIOTOJHUTEIHFHOTO METO/a MPH AJUIOTCHHOW TPaHCIUIAHTALMH, JIH00, B
JPYroM KOHTEKCTE, HCIIOJIB30BAHHUEM HHU3KOAO3HONW XMMHOTEpariy nukiaopocha-
MHUIOM, S-(propyparmioM, ¢aynapadbuHoM, TreMIuTabuHOM, O0pTEe30MHOOM, CO-
padennbom u cyHnTHHHOOM. B mocrnenHee BpeMs Oblia MOKa3aHa BO3MOKHOCTH
Jerutenuu T-peryinsaTopHbIX KJIETOK B pe3ysbTaTe MPUMEHEHWs MHruoOuTopa Qoc-
¢dounozuTHa-3-knHA3E-d (PI3K A) [88]. DToT mpemapar obnamaeT mpenMyIiecTBOM
Jertennu T-perynsaTOpHbIX KIETOK U KIETOK-CYTPECCOPOB M3 MUETIOUIHBIX KIIETOK.
OmyXoJb-acCOIMUPOBAHHBIE MHEIOUIHBIC KICTOYHBIE CYOMOMYMANN BKIIOYAIOT
KJIETKH-CYTIPECCOPBI N3 MUETIOMIHBIX KIETOK Ha Pa3HbIX dTarax JuQdepeHIpoBKH,
Hanpumep HedTpodmibl, Hespesibie DC, mMakpodarn M TydHble KIETKH — BCE ITH
KJIETKH MPOAYLHPYIOT MEANATOPHI, CIOCOOHBIE OTPaHUYNBATh IMMYHHBIN KOHTPOIb
[89]. PazpaGoranb! u Apyrie TEpareBTHYCCKUE CTPATETHH, B TOM YHCIIE C HCIIONb-
30BaHMEM MOJICKYJ, HalpaBlIeHHbIX Ha T-perystopHble ietkd: aHtH-CD25, an-
tu-Foxp3, antu-CTLA4, unruduropsr STAT3, perynupytomnue sxcnpeccuro TGF-f3
n IL-10, vt mHTHOUTOPHI HHIOICaMIH-2,3-1rokcurenassr [71, 90].

Amnanornyno KynpTuBupoBaHuio DC, npuMmeHeHne crnenupuuecKux IUTO-
TOKCHYECKUX T-TMM(ONNTOB TaKkKe ABISAETCA MEPCOHAIN3UPOBAHHON TEpamue,
MIPE/ICTABIISIIONICH CyIECTBEHHbBIE HEY00CTBA 1 TpeOyoIeil COBEpIICHCTBOBAHNUS
HaIPaBJIEHHOTO BO3ACHCTBUS Ha PaKkoBble KJIETKU. 110 3TON npuumHe npoBOASTCS
MHOTOYHCIICHHBIE MCCIIEA0BAHUS TEPANEBTUIECKON 3(P(EKTUBHOCTH T€HETHUECKH
MoauduIupoBaHHEIX T-muMponnToB U3 nepudepudeckoil KpoBu npu pake. Llems
TAKOTO MOAXO0/Ia OTPEEIISIETCS KaK MOBBIIIEHUE CIIOCOOHOCTH Paclio3HaBaTh OITyX0-
JICBBIC QHTUTCHBI M/ WM aBUHOCTH CBSI3U ¢ HUMH. Pa3paboTraHsl 1Be MOAN(DHUKALAN:
XUMEpHBIE aHTUTeHHBIC perientopbl T-ki1eTok (CAR-T) u TCR-MoxuduimpoBaHabie
T-knerku. Kierku CAR-T Obuti pa3paboTaHb! [Uist BO3/ICHCTBUSI HA aHTHUTCHBI, IKC-
MIPECCUPOBAHHBIC HA MOBEPXHOCTH PAKOBBIX KJIETOK HE3aBUCHMO OT MPOIECCHHTA
u mpencrasnennst HLA [91]. Dra ctparerus Takxke obmamaet crocoOHOCTBIO 00-
XOIWTh TPENATCTBUE T-KIETOYHOTO OTBETA, B YACTHOCTH B KOHTEKCTE CHIDKCHMS
byHKIMKM UMMYyHHOTO Haj3opa. Oyukius kietok CAR-T cocTouT B co3naHuu re-
HETUYECKOTO0 KOHCTPYKTA, KOAMPYIOIIETO aHTUTEH-CBSI3BIBAIONINN yJaCTOK MOHO-
KJIOHAJIbHBIX aHTUTEN ¥ BHYTPUKJIETOUHbIE KOMIIOHEHTHI T-KJIETOYHOTO PELENTOPa,
AKTHBUPYIOIINE CUTHA MOCIIE CBS3BIBAHUS C TIOBEPXHOCTHBIMU aHTUTeHamH. [lep-
BOC TIOKOJICHHE COCTOUT M3 aHTUTCH-CBSI3BIBAIOLINX O0MACTEH TSKEIBIX M JETKHX
Ienei aHTHUTEN, KOTOPHIE CIMBAIOTCSA C BHYTPHUKICTOUYHON CHUTHAIBHOW OONacThIO
CD3-{. Bropoe moxoneHue 100aBiIseT BHYTPUCUTHABHYIO 00NACTh KO-CTHMYJIH-
PpYyIOILEH MOJIEKYJIBI, @ TPEThE TIOKOJICHNE OOBEMHACT pa3HbIe CUTHAIIBHBIE 001acTH
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CD3-{ 1 KOo-CTUMYIHPYIOIIUX MOJIEKYJI, B pE3yJIbTaTe Yero MOBBIIIAETCS aBUIHOCTh
T-kietok k antureHam [92]. UntepecHo otMeTnTh, uto crparerus CAR-T accorm-
UPYETCs C IPEABAPUTEIBHBIM KIMHIIECKIM 3(PPEKTOM TIpH reMo01acTo3ax, BKITIO-
Yasi OCTPbI MHEIOHIHBIN JIeiiko3, 3a cueT Bo3neiicTBus Ha CD123, nens I1L3-Ra
[93], xpoHnueckuii TUMQOIUTAPHBIN JIEHKO3 M OCTPBIA Tpe-B-muMbobnacTHbii
neiiko3 ¢ CD19 [94, 95]. V 1 GompHOTO, MOTYYaBIIETO JIEUCHNE, BCKOPE Pa3BHIICST
peunanB co cHmkeHreM skcrpeccun CD19 Ha omyxoneBbIX KieTkax. ITo HabIr0-
JICHHE HABOJUT YUCHBIX Ha MBICIb O [IE1eCO00Pa3HOCTH CO3/aHuUs Pa3HOOOPa3HBIX
KOHCTPYKTOB OITyXOJIEBBIX aHTHUTCHOB C LIEJIbIO CHIDKSHUS PUCKA PEIUINBA TIPH aH-
THUTEH-OTPHUIIATENBHBIX BapraHTax omyxonn [92]. [Tpumenerne CAR-T mpu comnm-
HBIX OIyXOJISIX HAXOIMTCSI B HadalubHOU crajguu; cHadasna CAR-T uHIyIMpoBaiu
KO-CTUMYJIMPYIOIIUMU MoJIeKynamu, oobeaunsionumMu CD28 u 4-1BB, s Bo3-
neiictBus Ha ERBB2 y 1 GosbHOTO pakom Tosnctoi kuiku. K coxanenuto, 001bpHON
yMep OT MYJBTHOPTaHHOH HEAOCTATOUHOCTH, O0YCIOBICHHOW CHHIPOMOM BBICBO-
60 meHust TUTOKUHOB [96]. DTO nMpaMarHyeckoe COOBITHE MOXKHO OBLTO MPEIOTBPA-
TUTh UHIYKIMEH armonTo3a T-kieTok, Hanpumep, kacnazoi-9. Kinerku CAR-T Tak-
K€ MOYKHO TMOJIABIISITh, HAKAIIMBAs MMMYHOCYIIPECCUBHBIC KIIETKH B OIyXOJIEBOM
MHUKPOOKPYKEHHH 3 CUET UCIOJIb30BAHHsI KOMOMHUPOBAHHBIX MOXO/I0B.

Konnenmms TCR-mMoan¢ukamm ocHOBaHa Ha CIIOCOOHOCTH TEHETUYECKON MO-
JTUGUKAITAN TAMPOIIUTOB U3 MeprepUIECKO KPOBH C HENTBI0 MHTYKIIUH SKCITPec-
cur TCR, KOHKpPETHO HaNpaBIeHHBIX MPOTHUB HYKHOTO aHTHICHA, YTO TO3BOJISIET
TaKUM XUMEpHbIM TCR-T-KjeTkaM arakoBaTh OIyXOJIEBbIE KJIETKH B KOHTEKCTE
MPE/ICTaBICHUs] aHTUTeHHBIX nenTuioB ¢ MHC-pectpukiueil. ta MeTOm0I0THS
OpLTa BriepBhle MpuMeHeHa ¢ antureHoM MART-1 B jedeHnn MenaHOMBI, OTHAKO
s ekt Habmomacs peske (13 %), uem npu ucmons30BaHny T-HHOUITBETPUPYIOIITIX
mamdorutoB (51-72 %) [92]. Crparerun ¢ npumencanem CAR-T wucciemoBanmn
HECKOJIbKO (hapMalleBTUUECKUX KOMIAHUH, UCCIICIOBAHUS [TOKA3aIi aKTUBHOCTD, B
gactHoCTH, Tpr CD19-monokutenpHBIX TeMobmacToszax [9].

B (dazax TOKIMHUYECKUX U PAHHHUX KIMHUYSCKUX MCCIIETOBAHUN MTPOBOIUTCS
n3ydenue knetok CAR-NK; ucnonb3yror nepeHarnpasieHnblie uenoedeckue NK-
kietku u kietounyto auauio NK-92 nmporus CD19, CD20, CD38, CD138, CD244,
HER2, GD2, EPCAM, CS1, LMAN1 [97-99].

IIpumeHeHHne APYrux KJIeTOK-3((PeKTOPOoB U MYy ILTHIIOIXO0I0B

B Hacrosiiiiee BpeMsi HUMMYHOTEpAIUsi BCTYIAaeT B HOBYIO 3pY BBICOKOW KITH-
HUYECKOU A(PPEKTUBHOCTH, OHAKO JJIS PEIICHUS 3TOW 3afadd HEOOXOIUMO IpH-
MEHSTh CTPATErHi0 MYJIBTUIIONX010B. OHA TpelycMaTpuBaeT NPUMEHEHUE albTep-
HATUBHBIX KJIETOK-3(p()EKTOPOB /IJIsi aKTUBU3AINHU KJIETOK, KOTOPbIE MOTYT BIHSTH
Ha Apyrue KieTku-3pGexTopsl, Mub0 MPUMEHEHHE JOMOJHUTEIBHBIX MOJIEKYI,
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HOBBIIAIOMNX UX 3()GEKTHBHOCTD WM CHIDKAIOIINX aKTHBHOCTh HMMYHOCYIIpec-
COPHBIX KJICTOK.

NKT-kmeTkn mpeacTaBiasioT CyOmOmy Ao TUM(OIMTOB ¢ (PeHOTHIIIYECKHU-
MU cBoiicTBaMu Kak T-, Tak 1 NK-KJIETOK, KOTOpbIe BBIMOIHSIIOT pa3HOOOpa3HbIe
(YHKIUH, 9TO JIeTaeT 3TH KICTKH NPUBICKATEIbHBIMU JJIS HCIOIB30BAHHUS B UM-
MyHOTEparnuy. B 3Toll momynsuny nMeeTcsi MoAMHOXKECTBO KIETOK, KOTOpbIe Ha-
spiBatoT nHBapuaHTHEIME NKT-kmetkamu (INKT); oTH KI€TKH aKTHBH3HPYIOTCSI
DIMKOJTMITMAHBIMA aHTUTCHAMH, KoTopsie mpeacrasisier CD1d — monekyna, npu-
CYTCTBYIOIIAsl HA IOBEPXHOCTH KJIETOK. DTH KIIETKH SBJISIOTCS aKTUBHBIMH KJICT-
KaMu-3¢dexTopaMu, 00IaTaloNIMA IUTOIUIHOW aKTUBHOCTBIO, U CEKPETUPYIOT
OUATOKMHBI, Takne Kak Thl-, Th2- u Th17-mogo0OHbBIE OTBETHI, B YaCTHOCTH [IUTOKUH
y-enm wim CD132 (re. IL-2, IL-4, IL-7, IL-9, IL-15 u IL-21-R). Pa3paboran psiq
[penapaToB IJIsi aKTUBHU3ALMH STHX MOJIEKYII [IOCPeACTBOM Moekyinsl CD1d, B Tom
YHCITe CHHTETHYECKHE aHAIOTH o-rajmakrosumepamuios [100, 101].

MmMyHHas cucremMa o0nagaeT OIpeNeNeHHOH H30BITOYHOCTBIO M JEMOH-
CTpUpYeT pa3HOoOOpa3zHbIe B3anMoacHcTBUs. JloOaBieHHe OONBIIOTO KOJIHYECTBA
KIETOK-3(p(hEeKTOPOB MOXKET IPHUBECTH K YCHIICHHIO B3aUMOACHCTBHI C APYyrHMH
YIIEHAMH 3TOW CIIOKHOHN CHUCTEMBI. llexh KOMOWHMPOBAHHBIX CTPATETHH COCTOUT
B TOM, YTOOBI YCHJIUTH CIICHU(PHIECKOE PACIIO3HABAHKE, TOBBICUTH LUTOLHIHYIO
AaKTUBHOCTh JHOO CHU3UTh MMMYHOCYIPECCHBHBIN 3(PQEKT. DKCIpeccus omy-
XOJThb-aCCOIIMUPOBAHHBIX aHTUTEHOB Wi Mouiekyn kimacca | MHC na moepxHO-
CTH PaKOBBIX KJIETOK MOXET OBITh YCHJIEHA IyTeM SHHICHETHYECKOH MOIYISIUH
WITH BO3MEUCTBUST Ha Metabonnueckue myta [23, 102]. Pacmo3HaBanne pakoBBIX
KJIETOK KJIETKaMH MMMYHHUTETA MMOTCHIMAIBHO YCHINBACTCS IIyTEM I'€HETHYECKOH
MoanHUKaIUK JiekapcTBEHHBIX KieToK, Takux kak CAR-T u CAR-NK. Ycunenne
MMMYHHOH aKTHBHOCTH OIIOCPEIOBAHO KOONEpauueil MMMYHHBIX KIETOK. Tak,
noaMHuoxkectso CD56”19MCD16%™- NK-ki1eToK, NPUCYTCTBYIOMUX B IUM(Oy3iax,
HPOSIBISIET XEJNEPHYIO aKTHBHOCTB IpH npoyKuuu |FN-y, 4to MoxeT npuBecTu K
ycmiieHuIo 3¢ dekra Apyrux KIeTok. boipoe 3Ha4eHNe 11 IMMYHOTEpaIliy HMe-
et B3aumoetictue (crosstalk) xirerox [103]. KomOuHupoBaHre MOHOKIIOHATBHBIX
QHTHUTE C OIPEIeICHHBIME LIMTOKMHAMH, akTUBHpYomumu DC, MoxeT npexncTas-
JATH TPOIIECC BAKIMHALMK iN VIVO, YTO TOATBEPIKAACTCS OTIOKCHHBIM OTBETOM,
HaOJFOaeMBIM B HEKOTOPBIX KIMHUYECKHX HCCIeRoBaHMAX. Tak, HalpuMep, MBI
HaOJFOAJIN [IPOTPECCUPYIONIEee CHIKEHHUE OITyXOJIEBOM MacChl B TEUCHHUE OAHOTO
roja y namuenra, nonydanuiero komouHanno GM-CSF u putykcnmaba, HecMOTpst
Ha TO YTO y 3TOro OOJBHOrO ObLIa 3aperiMcTPUpOBaHAa KPATKOCPOUHAS PEMHUCCHS
MoCIie MOHOTEpanuu putykcumabom [104, mrambie qanubie]. ITo HaOIIOMEHHE TaeT
OCHOBAHUS CUHUTATh, YTO PUTYKCHMAO CIIOCOOCH yCHIJIMBATh AIONTO3 OITyXOJEBBIX
kieTok 1 GM-CSF yuactByet B ipousBozactse 3pensix DC in vivo, aro MoxeT mpu-
BOJIUTB K YBEJINYCHUIO MIPOAOKUTEIBHOCTH TIEPUOIa KOHTPOJIS 3a00I€BaHus.
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VIMMyHHBII OTBET MOXKET OBITh YCUJICH B pe3yiibrare OJOKHPOBKH KOHTPOJIBbHBIX
TOYEK UMMYHHUTETa, Takux kak Monekyinsl CTLA-4, PD-1 u ux nuraup PD-L1 win
PD-L2; T-kierouHblii ”UMMYHODIIOOYJIMH U OeloK 3, cofepiKaiiuii MyIHHOBYIO 00-
macts (Tim-3); ren-3 axkruBarin mumdortos (LAG-3) u B mocienHee Bpems Cy-
npeccop aktuBarwi T-kiIeTok, conepxantuii V-1g-nomen (VISTA); wnu porcteeHHast
KapIMHOAMOPHOHATLHOMY aHTHUT€HY MOJICKYJIa-6 KIIETOYHOM a/Ire3un MpU MelaHOMe
WM MHOKeCTBEeHHOHM Mmuenome [12, 105, 106]. Dkcrpeccust 3THX MapkepoB T-wH-
bunsTpUpyrONHX JTUM(OLIUTOB, B 4aCTHOCTH T-peryisiTOpHBIX KIETOK, MPUBOIHUT
K CHIKEHHMIO YyBCTBHUTEIBHOCTH MMMYHHOTO KOHTDOJIS 332 PAKOBBIMU KIIETKAMH.
OTH MOJIEKYJIbI KpallHe MPHUBJICKATeIbHbI KaK MHUILICHU YISl M3MEHEHUS! MMMYHHOMN
TOJISPAHTHOCTH, B YaCTHOCTH TIPHU MPOTHBOOITYXOJIEBOI Teparin. MOHOKIOHAIBHOE
artuteno k CTLA-4 ummmmmmyma6 (Bristol-Myers Squibb) saperunctpuposaro FDA
B Mapre 2011 . Kak CPeICTBO JICUCHUSI MeTacTaTHuecKoi Menanomsl [107], mpomon-
JKAFOTCST FICCIICIOBAHKS TIPU CONMIHBIX OMyXOJsiX W remoGmarosax [108, 109] mpy-
rux morekyst (MDX-1106 u CT-011 wam mumunsymab — autureno k PD-1; MDX-
1105 — anTuteno k PD-L1, npyrue mosekysst antu-Tim-3, LAG-3 u VISTA).

ViMMyHOTEpanus BCTYTaeT B HOBYIO 3Dy, IPHUYEM HE TOJBKO B 00JIaCTH JICUCHUS
paka, HO TaKKe B JICYCHUH 3a00JICBaHUM, CBS3aHHBIX C M3MCHEHHEM MMMYHHTETa
(puc. 6). CauIIKoM MHOTO MPEApaToB, CIUIIKOM MHOTO HHCTPYMEHTOB, CIHIIIKOM
MHOT'0 TEpPareBTUYEeCKUX CTPATErnil TOJDKHBI BEPHYTHCS Ha3a K OCHOBAM UMMYH-
HOM cucTeMbl. YTO Takoe HMMYHHbIE KIETKU-3PPekTopbl? Kak yeninnuTh ux QpyHk-
LU0, HE TOBBIIIAS TOKCHYHOCTH? YUTO Takoe OCTYMHOCTh MHIICHEH M KaK Orpe-
JIETUTh ONTHMaJIbHOE OMOKIMHUYECKOe cooTHolIeHue dddekruBuoctn? Hazperna
HEOOXOANMOCTh HOBOTO MBIIIICHHUSI.
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MEXAHUM3MBI AIBIOBAHTHBIX 2@ ®EKTOB ITOJIMOKCUJIOHUSA

000 «HIIO Iemposaxc @apm», Poccus, Mockea
2QI'BY«I HL] Hncmumym ummynonocuu» @MBA Poccuu

KuaroueBble c10Ba: NOIMOKCHIOHUH, abIOBAHT, UMMYHOMOIYJISITOP, IMMYHO-
JIeOUIIAT.

Cnmcok coxpanieHHii

Al' — anTureH

AOK — anTHTEeNn000pa3yromnme KIeTKH

AT — anTHTENO

JITIC — numomonucaxapuist

MHC — raBHBII KOMIUIEKC THCTOCOBMECTUMOCTH
T10 — nmonmokcuIouuit

OB — sputpounTs! 6apana

DC — neHapuTHBIE KIETKA

IFN — unaTepdepon

IL — uHTepNeHKNH

NF-kB — ¢akrop TpaHCKpHIIIHI

NK — ectecTBeHHBIE KILIEPHI

TNF— ¢akrop Hekposa omyxomu (tumor necrosis factor)

Pe3rome

B CcoOTBeTCTBHH C €BPOIEHCKAM PYKOBOACTBOM M0 ambioBantam (Guideline
on adjuvants in vaccines for human use EMEA/CHMP/VEG/134716/2004) mpo-
BE/ICHO YIIyOJIEHHOE HCCIIEN0BAHUE abIOBAHTHBIX CBOHCTB MMMYHOMOIYJISITOPA
nomokcugouust (I10). TIO pasperier K MEAUIHHCKOMY IPUMEHEHHIO KaK HMMY-
HOMOAYJsATOp B P® M psie Apyrux cTpaH M Kak aJbIOBAaHT B COCTAaBE CEMEHCTBa
TPUIIO3HBIX BakmuH [ purnmon® [1].

Lenp HacTOAIIErO 0030pa — CyMMHMPOBAHHE UMEIOIINXCS HA CETO/HS IAHHBIX O
MeXaHN3Max aabIoBaHTHBIX 3(¢pexToB [1O Ha KIETOYHOM M MOJICKYIISIPHOM YPOBHE.
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List of abbreviations

AB — antibody
AFC — antibody-forming cells
AG — antigen

DC — dendritic cells

IFN — interferon

IL — interleukin

LPS — lipopolysaccharide
MHC — main histocompatibility complex
MNC — mononuclear cells
NF-Kb — transcription factor
NK — natural killers

PO — polyoxidonium

SE — sheep erythrocytes
TNF — tumor necrosis factor

Abstract

We have performed a comprehensive study of immunomodulator Polyoxido-
nium (PO) adjuvant use in accordance with the European Guidelines on Adjuvants
in Vaccines for Human Use (EMEA/CHMP/VEG/134716/204). PO is approved for
medical administration as an immunomodulator in the RF and other countries and
as an adjuvant within the Grippol family of influenza vaccines [1].

This overview summarizes data on mechanisms of PO adjuvant effects at cellu-
lar and molecular levels as accumulated by today.
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Beio mokasaHo, uro npu BBeaeHNH 110 B KOMIIEKCE ¢ KOPITYCKYJISIPHBIM aH-
tureiom (AI') — sputpormramu Gapana (3B) MporcXoauT yBeTHUYEHHE B celle-
3€HKE MMMYHH3MPOBAHHBIX MBIIICH YHCiTa aHTUTEn000pasyronmx kietok (AOK) B
2—4 pa3a. B kommiekce ¢ atum AT T10 BoccTraHaBnMBaeT UMMYHHBIH OTBET Yy CTa-
PBIX ¥ OECTUMYCHBIX MbIiiei muaun Nude. Takoit e BOCCTaHOBUTENbHBIH 3 (peKT
HaOJII0IaeTCs TP AKCIIEPUMEHTAIBHBIX UMMYHOIE(HUINTAX, CO3AHHBIX C ITOMO-
IIbI0 PEHTICHOBCKOTO OOYYIEHUsI MM BBEJCHUSI MMMYHOIEIIPECCanTa IUKI0(hoc-
¢ana. IIpn nMMyHU3anuu pacTBOPUMBIM Al reMarnIlOTHHHHOM BHpPYcCa IpHIIa B
komruiekce ¢ [10 Habmonaetcs ycnenne cuntesa antuten (AT) y HHU3KOOTBeUa-
roumx JuHuil Mpimeir CC57W u CBA. YV wmbimieit iuann CBA cunresz AT ycu-
nuBaetcs modtu 4,5 pasa. Haubompmmii ctumynupyronmii a¢dext Habmromaercs
MIpU KOHBIOTAIINH TeMarrmoTHHUHA BUpyca rpumnma ¢ [10. YV memmei muann CBA
cunte3 AT B 3TOM ciydae ycuiuBaercs moutu B 20 pa3s.

1O ycunmBan IMMYHHBIH OTBET HE TOIBKO B KOMIUIEKCE, HO M B KOHBIorarmu ¢ Al
[Tpn nmmyHM3anmw Meimeld KorbioratoM 110 1 pekoMOMHAHTHOTO OeNka TEeIIOBOTO
moka HSP70, ucronb3yeMbIM B POTUBOTYOSPKYIIE3HBIX BAKIIMHAX, HAOIIOAACTCS YCH-
nenue cunre3a AT mourtn B 40 pa3 1o cpaBHEHHIO ¢ UMMYyHH3atuel ogHuM Al

IIpn wW3y4YeHUHM KIETOUHBIX M MOJICKYISIPHBIX MEXaHM3MOB HMMYHOMO-
TYIUAPYIOMIETo M axbioBaHTHOTO 3ddekTta 1O ObIo Mmoka3zaHO MHOKECTBEHHOE
neiicteue I1O Ha KIETKM Kak BPOXKJIEHHOTO, TaK U MPUOOPETEHHOTO MMMYHHTETA.
ITO mpoHMKaeT B 9HIOCOMAIBHBIN OTAET KIETOK, B PE3YJIbTaTe Yero MPOUCXOAUT
TIOBBIIIIEHUE MUKPOMOJISIPHBIX KOHIIEHTPAIMH NMEPEKUCH BOJOPO/A, CITyKalleH ak-
THUBATOPOM PsiIa CUTHAIBHBIX MOJIEKYN U TPAHCKPUIIIMOHHBIX (haKTOPOB, B 4aCT-
Hoctu daxropa NF-kB. ITpu sToM mcciaenoBanie aHTHOKCHIAHTHBIX CBOMCTB TIO-
kasaio, uro I10, obmagast cBoCTBOM XenatupoBanus Fe?* u okucienus Fe?* B Fe’*,
crocobeH MHrHOMpPOBaTh KaTalu3 CBOOOTHOPAIUKAIBHBIX PEAKIIM U TEM CaMbIM
TOPMO3HUTh CBOOOJHOpPAJNKAILHOE OKUCICHHE, YTO CO3/1ACT YCIOBHUS IS JOCTH-
KEHHSI MUKPOMOJISIPHBIX KOHLIEHTPALIMH aKTUBHBIX (JOPM KHCIOpOa B IUTOIIIA3ME
KJIETOK U aKTUBAllMU CBOOOAHOPAIUKAIBHOTO MEXaHI3Ma CUHTETHUCCKHX TPOIIEeC-
coB. CiencTBrueM 3Toro sBIsieTCst ciocoOHoCTh [10 0Ka3pIBaTh CTUMYIHPYIOUTHA 1
KOCTUMYNHUpYIOMmuit 3(h(eKT Ha TaKue HHAITUUPYIONTHe ITMTOKUHBI, Kak IL-18 n IL-
6. Ha TNF-0 I1O okazbiBaeT 3(h(eKT TOJBKO B ClTydae ero HCXOAHOTO MOHMKSHHOTO
ypoHs. [Ipu noBeimernoM ypoBHe TNF-o [TO He cTHMyIHpyeT ero nambHeHImit
cunres. bonee Toro, Moxet HaOmoOnaThCA HEKOTOpOE MOHMKeHHe cuaTe3a TNF y
JIOZIEH C MCXOHO TMOBBIIICHHBIM cHHTE30M. 11O MHIYIMPYEeT CHHTE3 IIUTOKWHOB
Kak B KyJbType MOHOHYKJIEapoB nepudeprnieckoil KpoBH, Tak U Makpogaros. B
KyJIbType JIEHAPUTHBIX KIETOK [1O yCHIMBAeT 3KCIPECCHIO KOCTUMYIHPYIOIIHX
mostekyn CD80 u CD86, oT KOTOpBIX B 3HAYMTENLHON CTEINEHH 3aBUCHT 00pa3o-
BaHNME MMMYHOJIOTHYECKOTO CHHArca Mexay Al-mpencTaBisomuMu KIETKaMHu U
TMM(OLUTAMH U, CIEAOBATEIBHO, MHUIMAIMS UMMYHHOTO OTBETA.
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Administration of PO together with corpuscular antigen (AG), sheep erythro-
cytes was shown to induce a 2 to 4-fold increase in antibody-forming cell (AFC)
number in mouse spleen. PO administered in complex with this AG recovered im-
mune response in old and nude mice. A similar recovery effect was observed in
animals with experimental x-ray- or cyclophosphamide-induced immunodeficien-
cy. Immunization with soluble AG, influenza virus hemagglutinin in complex with
PO led to enhanced antibody (AB) synthesis in low-response murine lines CC57W
and CBA. The AB synthesis in CBA mice increased by almost 4.5-fold. Maximum
stimulation was observed as a result of conjugation of influenza virus hemagglutinin
with PO. AB synthesis in CBA mice demonstrated an almost 20-fold rise.

PO increased immune response both in complex and in conjugation with AG.
Immunization of mice with PO conjugate with recombinant heat shock protein
HSP70 used in tuberculosis vaccines led to an almost 40-fold rise in AB synthesis
as compared to immunization with AG alone.

Study of cellular and molecular mechanisms of PO immunomodulating and ad-
juvant effects demonstrated multiple effects of PO on cells involved both in innate
and acquired immunity. PO penetrates into cell endosomal segment thus increasing
micromolecular concentrations of hydrogen peroxide, an activator of some signal
molecules and transcription factors, in particular NF-xB. Study of PO antioxidant
activity demonstrated that PO could chelate Fe** and oxidize Fe?* into Fe**, inhibit
catalysis of free radical reactions and thus slow down free radical oxidation which
provided conditions for micromolecular concentrations of oxygen active forms in
cell cytoplasm and activation of free radical mechanism of synthetic processes. As
a consequence, PO produced stimulating and costimulating effects on initiating
cytokines, such as interleukin (IL)-1p and IL-6. PO had effect on tumor necrosis
factor (TNF) o only if its baseline levels were decreased. If the level was increased,
PO failed to stimulate its further synthesis. Moreover some patients with increased
synthesis might present with a somewhat decreased TNF synthesis. PO induced
cytokine synthesis both in peripheral blood mononuclear (MNC) and macrophage
culture. In dendritic cell (DC) culture PO enhanced expression of costimulating
molecules CD80 and CD86 that plaid an important role in generation of immuno-
logical synapse between AG-presenting cells and lymphocytes and consequently in
immune response initiation.
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Hpyroe cBoiictBo I1O 3akmiodaeTcst B €ro CoCOOHOCTH MPUMHPOBATH JICH-
JaputHble Kietku. [Ipu coBmecTHoM KynbruBupoBanun CD4 T-xenmepos ¢ I10 u
TeMarnIiOTHHUHOM BHPYCa FPUIINA TaKUE KIETKN MPUOOPETAIOT MOBBIIIEHHYTO CII0-
cobHocTh cunTe3upoBats |FN-y mox BmusaIEM 3ToT0 AT Kpome Toro, Takue Kiet-
Kd 00JIa[Iaf0T BBIPAKEHHOH CIOCOOHOCTBIO aKTHBHUPOBATh mponudepanuio CD4
T-KkJeToK Moz BIUSIHNEM T'eMarnIlOTHHIHA BUPYyca TPUIITIA.

Taxkum oOpa3oM, aabploBaHTHBIC CBOICTBA 1O CBA3aHBI CO CIOCOOHOCTHIO MH-
JIYLHPOBAaTh PsAJ MPOBOCHIAINTEIBHBIX IMTOKMHOB, aKTUBHPYIOIIMX KIETKH Kak
BPOJKIEHHOTO, TaK U aJalTHBHOTO IMMYHHUTETA, & TAKXKE C €TO CIOCOOHOCTHIO YCH-
JMBaTh aHTUTCHITPE3EHTUPYIOIINE CBOMCTBA ACHAPUTHBIX KIETOK.

XapaKTepncnma MOJTUOKCUIOHUSA

Du3uko-xumuueckue ceoicmea

[MomnoxcnunoHnii — (GU3MOIOTHIECKN aKTUBHOE BBICOKOMOJIEKYISIPHOE CO-
€IMHEHUE M3 HOBOTO KJIacca TeTEPOLEMHBIX ann(paTHuecKuX MOIMaMHHOB. Ilo
CBOCH XUMHUECKOH CTpyKType 3T0 comonmumep N-oxucu 1,4-3TrineHnunepasnHa u
(N-kap6okcumeTn)-1,4-3TrseHIUIIEpa3HHUsT OpoMKIa. ITOT BOIOPACTBOPUMBIi
TIOJTUMEP UMEET MOJIEKYIISIpHyTo Maccy 60—100 kD.

I1O ymepeHHO pacTBOpHM B BOJE, (pM3MOIOTHUECKOM pacTBOpE, HOBOKAWHE,
meranose. Hammare N (okucHO#M rpyrmmsr) B ocHoBHO# mern [0 o6ycoBnmBaeT
ero crocoOHOCTh K Aectpykiuu. Ilokasano, uto mectpykuust I10 mpotekaer mo
CBOOOTHOPAANKAIEHOMY MeXaHu3My. [IpotyKTamMu AeCTpyKINH CITy>KaT HETOKCHY-
HBIC ONTUTOMEphI — N-OKCHIBI ¢ MOJIEKYIISIpHO# Maccoi 1-2 KD.

JleTanbHbIi KOHTPOJIb CTPYKTYPBI M YACTOTBHI COSIUHEHHS, a TaKkKe Mpoduiib
npuMeceii u3ydeHsl EBporeiickum nccnenosarenbekum reatpom (Direction Cen-
trale recherché & Technologie, Bruxelles). ITocepuitrsrit anamms 1O mokasat, 4to
3TO BEIIECTBO, MOIYyYaEMOE ITyTEM KOHTPOJIMPYEMOTO CHHTE3a, ITOJHOCTHIO COOT-
BETCTBYET 3asIBIICHHON CIEHU(UKAIINK, a METOABI, UCIIOIb3yEeMbIE JUIl KOHTPOIIS,
amieKBaTHBI. ISt Kaxk0# mpuMecH (OTIEHMBAIICSI HOHHBINA COCTaB) MOKAa3aHO, YTO
COIep)KaHNE B OIHOI YEITOBEUECKOM /103¢ 3HAYUTENBHO (KaK MHHHMYM Ooiee dem
B 1000 pa3) HiKe YCTAHOBICHHBIX IOIyCTHMBIX CTAHAAPTHBIX IpeaenoB. CaeraHo
3aKIIIOYEHNE, 9TO PoHIh 6e30macHoCTH puMeceii, comepskamuxcs B [10, He BbI-
3bIBa€T COMHEHHUH TP ITPUMEHEHHH TIperapara.
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PO also demonstrated the ability to prime DC. After CD4 T-helpers were cul-
tured with PO and influenza virus hemagglutinin, these cells acquired an enhanced
ability to synthesize interferon (IFN) y under the effect of this AG. Besides, these
cells showed a marked ability to enhance proliferation of CD4 T-cells under the
effect of influenza virus hemagglutinin.

Thus, PO adjuvant properties are associated with the ability to induce several
proinflammation cytokines activating cells of both innate and adaptive immunity, as
well as with the ability to enhance AG-presentation properties of DC.

Polyoxidonium characterisation

Physicochemical properties

PO is a physiologically active high-molecular weight compound from a new
class of heterochain aliphatic polyamines. By chemical structure it is a copolymer of
N-oxi 1,4-ethylenepiperasine and (N-carboxymethyl)-1,4-ethylene piperasine bro-
mide. This water-soluble polymer has a molecular weight of 60 to 100 kD.

PO is moderately soluble in water, saline, novocain, methanol. The presence
of N-oxide group in the main chain is responsible for the ability of self destruction.
PO destruction occurs by a free radical mechanism. Destruction products include
non-toxic N-oxide oligomers with a molecular weight 1 to 2 kilodalton.

The Direction Centrale Recherche & Technologie, Brussels, made a detailed
study of the compound structure and purity. Serial PO analysis demonstrated that
this substance produced as a result of controlled synthesis was stable and fully com-
plied with the submitted specifications, and the control methods were adequate.
Each admixture (as measured by ionic composition) had a content in a single human
dose considerably (at least more than 1000-fold) lower than established standard
limits. It was concluded that the PO admixture profile raised no concerns about the
product safety.
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DapmakoKunemukxa

Ilpn wm3ydeHnn ¢GapMakOKHHETHKH IIPU IOAKOKHOM H BHYTPHUMBILICYHOM
BBezieHnH 10 6buT0 00HAPY)KEHO €ro MPOJIOHTHPOBAHHOE BCACBIBAHUE M3 MECTa
BBefeHus. [10 BBIBOIUTCS MPEMMYIISCTBEHHO MoYKamu B jBe (asbl. Ilepuoxn mo-
nyBbIBesieHHsT ObIcTpoit daser — 1,5 4, mMemienHoit — 84 u. B TeueHue nepBbix
CYTOK M3 OpraHM3Ma BBEIBOAHUTCS okoio 45 % mpemaparta. YcTaHOBICHA 3HAYUTEIb-
Has TeTepOreHHOCTh B pacnpeneneHuy 110 B 27 M3ydeHHBIX OpraHax M TKaHAX U
OTCYTCTBHE TKaHEBOH Kymyssammu. Hambompmmii xo3dduitment pacnpeneneHus
1O ycranosieH (o yObIBaIoOmIei) B TOYKaX, TIEUCHHU, CEIC3CHKE, JICTKHX, TuMda-
THYECKHX y3J1aX, KHIICYHUKE.

Ceazviganue c aHmuzeHamu

Crpyxkrypa 11O mo3BoIsieT 0CyIIecTBIATh MIpodHOoe cBs3bIBanue ¢ Al pasnnd-
HOW TIPUPOJIBI C COXpPAaHCHWEM HATHBHOHN CTPYKTYpHl Al' M aHTUTEHHOH crieruduy-
Hoctu. CyIecTByeT 2 0OCHOBHBIX crioco0a cBsi3biBanust [10 ¢ AI' — koHbIOTaIust U
KOMIUTIEKCO0Opa3oBaHue.

Jus pana AT pa3paboTaHbl METOANKN CHHTE3a KOHBIOTATOB, ITO3BOJISIONIUE 110-
Jy4aTh OYMILECHHBIE KOHBIOTATHI C BEICOKMM BBIXOJIOM, KOHTPOJIUPYEMbBIM KOJHUE-
CTBOM M XapaKTEPOM XUMHUECKHX CBs3ed. [ Kax/10T0 KOHBIOTaTa noAa0upaeTcs
COCTaB C y4eTOM MMMYHOJOTMYECKUX M OOIIEOMOIOTHUECKIX CBOIMCTB MOJTydae-
MBIX UMMYHOTCHOB. TE€XHOIOTHs CHHTE3a KOHBIOTATOB, a TAKXKE UX XapaKTepPUCTH-
Ka JICTaJIbHO ONMCAHBI B COOTBETCTBYIOMINX JOKYMEHTAX.

B oTHOImEHNN KOMIUIEKCOOOPAa30BaHMS TAKXKE MPOBEACHBI OOLIMPHBIC HCCIE-
JIOBaHUS, CBHUICTEIBCTBYIOMKE 00 00pa3oBaHWU CTAaOMIBHBIX KoMIniekcoB [10,
(hopMUpOBaHNE KOTOPBIX OCYIIECTBIISIETCA IMyTEM B3aHMMOICHCTBUS 3apsHKCHHBIX
(YHKIIMOHANBHBIX TPYMI OEJNKOBBIX WJIM TMOIHCaXapuaHbIX Al ¢ «IKOpHBIMID»
rpymmamu [10.

Kpamkas ungpopmayus no 6e3onacnocmu

JloxnmuHIYecKoe u3ydeHne 0e30macHOCTH mpuMeHeHns cyocranmmu 110 mpo-
BEJICHO B COOTBETCTBHH ¢ TpeOoBaHmsmMu Munsapasa P®. Yeranosneno, uro 10
oTHOCHTCSA K V KJaccy MpaKTHIECKH HETOKCHYHBIX COSTMHEHNIH (LDSO JUTSL MBIIIIEH
TIPH BHYTPHOPIONIMHHOM BBeIeHHH cocTanisiet 1417 mr/kr).

[Ipemapar obmamaeT orpoMHON MHUPOTOH TepameBTHYECKOTo dpdekTa. OmHo-
KpaTtHoe BBeneHHe B 703¢ 50 Mr/kr (mpubmmsutensHo B 200 pa3 mpeBbImmarornieit
TEPAIEBTHYCCKYIO /103y) HE BBI3BIBACT Y IOIONBITHBIX XUBOTHBIX M3MCHCHHI B
ITHC, cepaeuHO-cOCYIUCTOM cHcTeMe, KOCTHOM MO3Te U MepuepuIecKoil KpoBH,
obe3BperknBaromeii GyHkunu nedenu. B oprane-mumienu 10, B moukax, mpu BBe-
JeHnu 91o#t 10361 (50 MI/KT) THCTOMOTHYECKHUMHE HCCIICAOBAHMSIMU BBISIBISCTCS Ka-
MUUIIPHO-BEHO3HOE MTOJTHOKPOBHE 0€3 MOBPEKACHUS CTPYKTYP HE(PPOHOB.
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Pharmacokinetics

Pharmacokinetic study of PO after subcutaneous and intramusculary (i.m.)
administration demonstrated prolonged absorption from the injection site. PO is
mainly eliminated through kidneys in a two-compartment manner. Distribution
half-life is 1.5 hours and elimination half-life is 84 hours. About 45 % of the drug is
eliminated within the first 24 hours. PO distribution in 27 organs and tissues stud-
ied showed a marked variability and no accumulation in tissues. PO demonstrated
maximum coefficient of distribution (in descending order) in kidneys, liver, spleen,
lungs, lymph nodes, intestine.

Antigen binding

PO structure allows strong binding with various AGs without affecting their
native structure or specificity. There are 2 main ways of PO-AG binding, i.e. conju-
gation and complexing.

Procedures for conjugate synthesis have been developed for some AGs that
allow a high-output production of pure conjugates with controllable quantity and
character of chemical bounds. Composition of every conjugate is selected taking
into account immunological and general biological properties of resulting immuno-
gens. The conjugate synthesis procedures and characteristics are described in detail
in appropriate documentation.

There was a vast study of complexing processes demonstrating generation of
PO stable complexes through interaction of charged functional groups of protein or
polysaccharide AGs with PO anchor groups.

Safety summary

Preclinical safety study of PO substance was made in accordance with Health
Ministry requirements. PO was attributed to class V of practically non-toxic com-
pounds (LD50 for mice after intraperitoneous administration was 1417 mg/kg).

The drug demonstrated the broadest spectrum of therapeutic effects. A single
dose 50 mg/kg (about 200-fold higher than the therapeutic dose) induced no chang-
es in CNS, cardiovascular system, bone marrow or peripheral blood, liver detoxi-
cation function in experimental animals. Histological study found capillary-venous
plethora without damage to nephron structure in kidneys, PO target organ after ad-
ministration of 50 mg/kg.
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IomocTpslit 9KCIIEpEMEHT Ha KpbIcaXx 000€ro oA O3B0 YCTAHOBUTE, YTO
IByXHemenpHOe exenaesHoe Beenenne 110 B mose 25 mr/kr (100-kpaTtHOE TIPEBHI-
IIICHAE TEPATIEBTUYCCKOM T035I) BBI3BIBACT He3HAUNTEMbHOE (Ha 6 %) oTcTaBaHuE B
HPUPOCTE MACCHI Telld, CTHMYIHPYET OPHEHTHPOBOYHbIEC PEAaKIMH, BBI3bIBACT HEKO-
TOpOE IMOBBIIICHHE TOHYCA HEPBHO-MBIILIEYHOTO alliapara, He BIUIET Ha OOJIEBYIO
YyBCTBUTEIBHOCTD, (DYHKIUH CEPACUHO-COCYAUCTON CHCTEMBI, KIIETOYHbIC JIEMCH-
TBI KOCTHOTO Mo3ra u nepudepudeckoil kposu. He obnapyxeno Bmusuus 110 Ha
OCTKOBBIN, YIIEBOTHBIN, TUIMUAHBIA U MUHEpPAIbHBIN 0OMeHBI. IIpu cToxpaTHOI
nepezno3uposke [10 BBIABIAETCS JOCTOBEPHOE YBEINYCHHE B CHIBOPOTKE KPOBH MO-
YeBUHBI 0€3 HapyIICHUS YKCKPETOPHBIX (DYHKLIUH Io4ek i Oenka, KpeaTHHHHA,
xnopuno. CTumymsnus UMMyHHTeTa TIpH BBenenun [10 B opraHusM He compo-
BOXKIAeTCS MHAYKIUEH IMMYHHBIX peakiuii Ha coOCTBeHHbIEe qeTepMUHAHTHI 110.
Tax, He OBUIO 3aPETUCTPUPOBAHO KIETOYHBIX UMMYHHBIX PEaKLUi, cieu(uIecKux
B otHomeHnHn [10. Bonee Toro, MHOTOKpaTHBIE HHBEKIHH [10 MBIIIIaM 1 MOPCKUM
CBHHKaM HE BBI3BIBAJIN QJUICPIUYSCKUX PEAKLMI HEMEUICHHOTO WIIM 3aMEUICHHOTO
tuna. Y I1O He BBIBIEHO MUPOTEHHON aKTHMBHOCTH, Pa3IpakKarollero IeiCTBHS,
QUIEPTU3UPYIONINX, MyTareHHBIX, TEPATOTCHHBIX U KaHIIEPOT'€HHBIX CBOMCTB.

C 1996 roma I1O (B mo3ax 3 u 6 Mr) pasperieH K IPUMEHCHHIO KaK CaMOCTOsI-
TeNmbHBIN mpemapar [1, 2].

buonornyeckasi aKTUBHOCTb MOJTHOKCUTOHUS

Aoviosanmuslit I¢hhekm nHa KOpnycKynApHbLIL aHmMuzen

ATBIOBaHTHYO akTHBHOCTH 110 OlleHMBaIM 110 BIMSHHUIO Ipemapara Ha ypo-
Benb AOK B cenesenke mbnmeii-ru6punos (CBA x C57BI/6) F, mpu BHyTpHOprom-
HHHOM BBegeHnn uM Db B Cybonumansro# q03e 5 x 108 [3].

1O BBOIWMIN BHYTPUOPIOMIMHHO HIIH MTOIKO)KHO OJHOBPEMEHHO C HMMYHH3a-
e, Crumysupyrommit 3GGeKT BhIpakaan B BHAC MHICKCA CTUMYILIIUH KOJIH-
gyecrBa AOK 1Mo CpaBHEHHMIO ¢ aHAIOTHYHBIM [TOKA3aTe/IeM Y J)KHBOTHBIX, KOTOPBIM
BMECTO Ipenapara BBOAWIH (pU3HOIOTHICCKHI PaCTBOP.

Yeranosneno, uro 1O npu BHyTpuOpromuHHOM BBesieHHH B jo3ax 10, 100 u
1000 mkr ycumuBaet aHTHTEI000pasosanue B 3—6 pas (puc. 1). I[ToakoxkHast HHbEK-
st yBenmmanBaia konndectBo AOK B cenesenke B 2—4 pasa Mpu BBSACHUH TIPErIa-
para B no3ax 100 u 1000 MKT Ha MBIIIIb.

AOovrosanmmublit Ighghekm y HcugomHbIX ¢ pa3TUUHBIMU 6UOAMU

ummynooepuyuma

O prmustann 110 Ha QyHKIMOHMpPOBAaHWE HMMMYHHOH CHCTEMBI Y MBIIICH C MH-
JOYLHMPOBAHHBIMH Pa3IMYHBIMH CIIOCOOAMH MMMYHOIE(OUINTHBIMH COCTOSTHUSIMU
CYZIIMIIM TIO CIIOCOOHOCTH K HakoIieHuo B cenezenke AOK mpu nmmynmzarun Ob.
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Subacute administration to mice of both genders demonstrated that PO dai-
ly injections at 25 mg/kg (a 100-fold therapeutic dose) for 2 weeks slowed down
slightly (6 %) body weight increase, stimulated orientation reactions, induced some
increase in neuromuscular tonus, had no effect on pain sensitivity, cardiovascular
functions, bone marrow or peripheral blood cell elements. PO produced no effect
on protein, carbohydrate, lipid or mineral turnover. A 100-fold overdosage resulted
in a significant increase in serum urea without damage to renal excretory function
for protein, creatinine, chlorides. Immunity stimulation due to PO administration is
not associated with induction of immune reactions to PO self determinantes. There
were no PO-specific cellular immune reactions. Moreover, multiple PO dosing in
mice and guinea pigs did not induce immediate or delayed allergic reactions. PO
demonstrated no pyrogenic, irritative, allergenic, mutagenic, teratogenic or carcino-
genic activities.

Since 1996 PO (at 3 and 6 mg) was approved as a single agent therapy [1, 2].

Polyoxidonium biological activity

Adjuvant effect on corpuscular antigen

PO adjuvant activity was assessed by its effect on AFC levels in the spleen of
hybrid mice (CDA x C57BI/6) F1 after intraperitoneous administration of SE at a
suboptimal dose 5 x 106 [3].

PO was administered by intraperitoneous or subcutaneous injection together
with immunization. The stimulating effect was expressed as AFC stimulation index
as compared to animals receiving saline instead of PO.

PO at doses 10, 100 and 1000 mcg intraperitoneous was shown to enhance
antibody formation by 3 to 6-fold (fig. 1). PO doses of 100 and 1000 per mouse
subcutaneous led to a 2 to 4-fold increase in AFC counts in spleen.

Adjuvant effect in animals with various immunodeficiencies

PO effects on immunity function in mice with a variety of induced immunode-
ficiency states were assessed by the ability to accumulate AFC in the spleen after
SE immunization.
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Puc.l. Crumynupytommee IefiCTBHE TONMOKCHIAOHUS HAa aHTUTEI000pa30BaHHUE y
meimeit-rubpunos (CBA x C57BI/6) F, mpu pasHbIX criocobax BBeIeHHSA

HccnenoBaHust MpoOBECHBI HA MOJIOABIX M CTApbIX Mblmax JuHui CBA 1 MbI-
max-rubpugax (CBA x C57BI/6) F, pasnoro Bospacra (3 u 16 mec.); Ha MbImax
C BPOXICHHOM amrasuedl TuMyca nude (Nu/NU); THM3KTOMHPOBAHHBIX JICTAIBHO
00ny4deHHbIX MbIax CBA, KOTOPBIM OCYIIECTBILSUIM IIEPEHOC CHHICHHBIX KIETOK
KOCTHOTO Mo3ra (B-MbImm); cyOneransHO 00IydCHHBIX KUBOTHBIX, KOTOPBIM BBO-
JIMJTH KITETKA KOCTHOTO MO3Ta 1 Tumyca [4].

JIOTIOJHUTENIFHO TIPOBEICHO MCCIICIOBAaHUE HA MOJCTH HHIYKIMHA MMMYHOCY-
npeccun 1mknodochanom (nanusie kaua. 6uon. H. T.B. Mactepuak u ap. OI'BY
«['HII UuacTuTyT mmmyrogorum» ®MBA Poccun).

1. Mooenw o3pacmuozo ummynooegpuyuma. ECTECTBEHHYIO MOJENb BO3PACT-
HOTO UMMYHOZI(DUIMTA IPENICTABISIOT cO00# MbliiH 16—20-MecsiaHOTO BO3-
pacTa, y KOTOPBIX CYIIECTBEHHO CHH)KEH HMMYHHBII 0TBeT Ha Db U ymMeHsb-
LIEHO YHCJIO CTBOJIOBBIX KPOBETBOPHBIX KJIETOK B CEJIC3CHKE.

B Tabn. 1 npeacraBneHsl JaHHBIC TT0 aHTUTEI000PA30BAHUIO Y UMMYHHU3UPO-
BaHHBIX Db (m03a 2 x 107) Monmomsix u crapsix Mbiiei muand CBA u mbrmeii-ru-
OpuI0B 060€r0 TmoJa (MMMYHH3HpYommast 1o03a 2 X 10°).

YcraHOBIIGHO, YTO MMMYHHBIH OTBET y 16-MecsuHbIX KUBOTHBIX JuHUE CBA
cocragisier MeHee 10 % OT ypOBHS MOJIOABIX MbIlIel. BHyTpHOpIOIIMHHOE BBEIC-
uue [10 B go3e 1 Mr npuBouiIo OoJiee 4eM K 3-KpaTHOi CTUMYIISIUK YHUCIIA aHTH-
TEIOTPOAYIIEHTOB. DPPEKT OBUT CPAaBHUM C TAKOBBIM y MOJIOABIX MBIIICH JTHHUU
CBA.
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Fig. 1. PO stimulating effect on antibody formation in hybrid mice (CBA x C57BI/6)
F, after different ways of administration

The study was made in young and old CBA mice and (CBA x C57BI/6) F1 hy-
brid mice of two ages (3 and 16 months); on nude mice with innate thymic aplasia
(nu/nu); Thymectomized lethally irradiated CBA mice undergoing bone marrow
(BM) syngeneic cell transfer (B-mice); mice exposed to sublethal irradiation and
receiving BM and thymic cells [4].

Additionally cyclophosphamide-induced immune suppression was studied
(data of candidate of biological sciences T. B. Masternak et al. NRC Institute of
Immunology FMBA of Russia).

1. Age-specific immunodeficiency model. Mice 16 to 20 months of age with
considerably decreased immune response to SE and decreased number of splenic
stem hemopoietic cells represented a natural age-specific immunodeficiency model.

Table 1 summarizes data on antibody formation in SE- (2 x 107) immunized
young and old CBA mice and hybrid mice of both genders (immunization dose 2 x
109).

Immune response in 16-moth old CBA mice was less than 10 % of that in young
mice. Administration of PO at 1 mg intraperitoneous led to a more than 3-fold in-
crease in AFC levels. The effect was compatible with that in young CBA mice.
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Tabauma 1
BnusHne noamokcuoHUS Ha TyMOpPAJIbHBIM UMMYHHBIN OTBET MBIILEH C BO3pACT-
HBIM HIMMYHO1€(DUIINTOM

< 9] =

- 2 2 |gB| SE |,E|s1%

= £ | 3 © |EZ2| T3 |fE|fE

2 | E 2 | g2 g2 |E2|5¢

= = = | S E g8 |=zZ|=2E

cg = o s %
CBA 3 | Camupr [2%x10"| — |18240+544| — 18
CBA 16 |Camupr |2 x107| — 1360 + 30 1 20
CBA 16 |Camusl| 2 x 107 | 1000 | 5130+ 128 | 3,77 | 17
(CBAxC57BI/)F, | 3 |Camusl [2%x10°| — 318 +90 — 9
(CBAX C57BI/)F, | 20 | Cammmi | 2%x10°] — | 98+20 | 1 | 13
(CBAxC57BI/)F, | 20 | Camusr | 2 x 10°| 1000 | 760+190 |7,75| 11
(CBAXC57BI/)F, | 3 | Cawku |2x10°| — | 264+51 | — | 20
(CBAxC57BI/)F, | 20 | Camku |2x10°| — 108 + 20 1 12
(CBAxC57BI/)F, | 20 | Camxku |2 x 10°| 1000 311+56 |2,88 | 11

Crumynupyromee aeficteue [10 B yCIOBHAX BO3PACTHOTO MMMYHOIC(HHITH-
Ta BOCIPOM3BOIAWTCS W TPH WMMYHH3AIUHM CTapbix Mblmei-ruopunos (CBA x
C57BI/6) F,. Beenenne I10 camkam 20-MecsSIHOTO BO3pacTa JOBOXUT HMMYHHBIH
OTBET 10 YPOBHS MOJIOZBIX )KMBOTHBIX, a KomuecTBO AOK y cTapbIx caMIioB nocie
BBEJICHN Iperapara B 2,5 pasza IpeBOCXOIUT KOJIMYECTBO TAKOBBIX Y 3-MECSYHBIX
KHUBOTHBIX. OTMEUEHO TakXKe, YTO CTUMYIHPYIOIINH aHTHTeT000pa3oBaHue (-
(beKT yBeIMUnBaeTCs IPH CHIWKEHNH 10361 Al' 1 3aBUCHT HE TOJBKO OT HCXOIHOTO
TeHEeTHYECKH JeTePMUHUPOBAHHOTO YPOBHS HIMMYHHOTO OTBETa, HO M OT MOJIA YKH-
BOTHBIX [4].
2. Mooenb 8posicoenno2o u uHOYYUPOBAHHO20 00IyYeHueM UMMYHOOehuyuma.
Beenenne I10 mpimiam ¢ BpoxaeHHBIM (NUAE) MM MCKYCCTBEHHO CO3MaH-
HbIM (B-Mbimn) gedumurom T-cuctemsl nMMyHHTeTa IPUBOAMT K 10-Kpar-
HOHM CTHUMYJISIIMM HMMYHHOTO OTBETA y MEPBBIX M NPAKTHYECKU IOJHOCTHIO
BOCCTAHABJIMBACT CIIOCOOHOCTE BTOPBIX K mpoaykiuu AT ua Db (Tabm. 2).
Brusane 10O Ha anTHTENn00Opa3oBaHUE MCCIENOBAIN U Y OOMYYCHHBIX XKH-
BOTHBIX, KOTOPBIM Hapsy ¢ BBEICHHEM KIETOK KOCTHOTO MO3Ta BBOIMIIN KIIETKH
TUMYyca. IMMyHHBIH OTBET y TaKHX XKMBOTHBIX CHIDKeH Ha 50 % 1o cpaBHEHUIO CO
310poBBIMH MbImaMu. Beenenue 110 B mmpokoM anarnasoHe 103 OJHOBPEMEHHO C
ummyHun3aiueid Db npuBomut k 1,5—-3-kpaTHON CTUMYISIIIMK aHTHUTEN000pa3oBa-
HHS.
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Table 1
PO effect on humoral immune response in mice with age-specific immunity defi-
ciency
2 o| S c
% o 3 € c E .
2| 5 | 8 |BE| 2& |Z, |z
8 Y 2 S | T35 g ES| EE
= > oy L O © LL =STB| €5
= < O 0 a € < £ mnE|l<Cc
CBA 3 Males |2 x 107 |— 18240 + 544 | — 18
CBA 16 |Males |[2x 10" |— 1360+30 |1 20
CBA 16 |Males |2 x 107 {1000 [5130+128 |3.77 |17
(CBAx C57BI) F, |3 Males |2 x 10° |— 318 + 90 — 19
(CBAXxC57BI))F, |20 |Males |2x10° |— 98+ 20 1 13
(CBAx C57BI/)F, |20 |Males |2 x 10° |1000 |760+190 |7.75 |11
(CBAx C57BI)) F, |3 Females |2 x 10° |— 264 +51 — |20
(CBAx C57BI/) F, |20 |Females|2 x 10° |— 108 + 20 1 12
(CBAx C57BI/) F, |20 |Females|2 x 10° |1000 |311 +56 2.88 |11

The PO stimulating effect observed in age-specific immunodeficiency states
was reproduced in immunization of old (CBA x C57BI/6) F1 hybrid mice. PO ad-
ministration to 20-month old female mice increased the immune response to the
levels seen in young animals, while the AFC number in old males was 2.5-fold
higher after PO administration than the AFC level in 3-month old mice. It was also
noted that the AB formation stimulation increased with decrease in AG dose and did
not depend on either genetically determined immune response or animal gender [4].

2. Innate and irradiation-induced immunodeficiency model. PO administration
to mice with innate (nude) or experimentally induced (B-mice) T-system deficiency
resulted in a 10-fold stimulation of immune response in the former and practically
complete recovery of SE antibody production in the latter (table 2).

PO effect on AB formation was also studied in irradiated mice receiving both
BM and thymic cells. These animals demonstrated a 50 % decrease in immune
response as compared to healthy mice. PO administration in a broad range of doses
together with SE immunization led to 1.5- to 3-fold stimulation of AB formation.
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Tabnuna 2
BnusiHue nonmokcuioHus Ha ryMOpaJIbHbII MMMYHHBIM OTBET Y MBILLIEH C BPOXKIEH-
HBIM 1 MHAYIMPOBAHHBIM HMMYHOIE(HHUIIUTOM

Oo0padoTka mMbIleii
= | £| 3 :
w ;
e | 2] £ o | <3 = Z2 g
Jlunust MbIei =z - E w « <= - =5
-~ = = = 8 : \[_' = = =
4 o = =] =
2 | > =S N = = s
8 | 2| &F a = S
S & &
nude (C57BI6) | — | — — 2x10%| - 1625 + 48 1
nude (C57BI/6) | — | — — 2x10%| + |15520+389 | 9,55
CBA 85Ip| + |[KM+KT|2x10"| - 1760 + 40 1
CBA 85Ip| + |[KM+KT|2x10"| + 12210 +£301 | 6,94

Crumynupyronie cBoicta [1O mposBISIOTCS NMPHU BBEICHUH €TO MBIIMIAM C
pa3Hoi cTeneHbio fepunnTa T-KIeToK: MPaKTHIECK! TTOJTHOE X OTCYTCTBUE y Oe-
CTUMYCHBIX Mbliied u coxpanerue 10 % T-kieTok y B-Mbiiiieii U y )KUBOTHBIX C UC-
KYCCTBEHHO CO3[aHHBIM HOPMAJIbHBIM COOTHOIICHHEM T- 1 B-kietok (06:yueHHbIC
JKMBOTHBIE, KOTOPBIM BHOCWIM 10 MIJIH KJIETOK KOCTHOro Mo3ra u 20 MIIH KJIETOK
TEMyCa). DTOT (GaKT, HapsAy C U3BECTHBIMU JAHHBIMU O OOJIBIICH 4yBCTBUTEIBHO-
CTH K pajuanuy B-KJIeToK, MO3BOJISET paccMaTpUBATh BBHICOKYIO 3(h(heKTHBHOCTH
I1O y 00my4eHHBIX ’KMBOTHBIX KaK MOATBEPXKICHUE PE3YIbTATOB, OJyUYCHHBIX Ha
30POBBIX MBIIIAX, O IPEUMYIIECTBEHHOH cTUMYIsiiiK [10 rymMmopaibHOTO HMMYH-
HOTO OTBeTa. He MCKIII0YeHO, YTO pemaroInii BKIA B CTUMYIHPYIONHH 3P PeKT
I1O y 06mydeHHBIX KUBOTHBIX BHOCHT €T0 aKTUBHUPYIOIILEE BIMSIHNAE Ha Makpodar,
KOTOpBIE OTHOCSATCS K PaJJHOPE3UCTEHTHBIM KIIETKAM.

W3BecTHO, YTO B CHIKECHHH MMMYHOPEAKTHBHOCTH BCJEACTBHE PA3IHMUHBIX
nprurH (TCHETHYECKH IETEPMUHUPOBAHHBIN HU3KUH OTBET Ha DB y MBI THHAH
C57BI/6, cTapeHue it ieKapCcTBEHHO WHAYIINPOBAHHBIC HMMYHOIC(OUITUTHBIC CO-
CTOSIHUSI) PEIIAIOIIYIO POJb MIPAeT HAPYIICHHE MPOLECCOB B3aUMOACHCTBHUS MM-
MYHOKOMIIETEHTHBIX KJIETOK, MPOLECCOB MHUTPAIIMM CTBOJIOBBIX MPEIIICCTBEHHH-
KOB M3 KOCTHOTO MO3Ta, CHWKEHHE YHCIIa MOJIUITOTCHTHBIX KPOBETBOPHBIX KIIETOK
B cene3enke. OMUCaHHBINA BBIIE CcTUMYTUpyomuii agdexr [10, BEIABICHHBI TpH
BCEX yKa3aHHBIX THIIaX MMMYHOAE(MHUIINTA, IO3BOJISIET IPETION0KNTH AKTUBUPYIO-
1ee BO3/ICHCTBIE €ro Ha 3TH Tporieccs [4].

ComnocraBiieHHe 10303aBICUMON KPUBOH ambioBaHTHOTO neiictus [10 y 3m0-
POBBIX M OOJIYYEHHBIX )KUBOTHBIX KOCBEHHO MOATBEPXkKIaeT 310 (puc. 2).
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Table 2
PO effect on humoral immune response in mice with innate or induced immunity
deficiency
Treatment _ g
> @ - £
5 S c 3 -9 S S
Mouse line = S| &8 S |OE 2 2
8 Q = L = <
8 |E| B | © El & E
E |2 T2 o< £
- [ n
nude (C57BI/6) — — — 2 x 108 - 1625 + 48 1
nude (C57BI/6) — — — 2x10% | + |15520+ 389 9.55
CBA 85Gy | + |[BM+TC| 2 x 10’ - 1760 + 40 1
CBA 85Gy | + |[BM+TC| 2x10" | + |[12210+301| 6.94

The PO stimulating effect was seen after administration to mice with different
levels of T-cell deficiency including practically absolute absence in nude mice, 10 %
preservation of T-cells in B-mice and animals with experimentally induced normal
T-/B-cell ratio (mice exposed to irradiation and receiving 10 000 000 BM cells and
20 000 000 thymic cells). This observation together with known data about higher
sensitivity of B-cells to radiation suggests that the high PO efficiency in irradiated
mice confirmed PO predominant stimulation of humoral immunity seen in healthy
mice. It cannot be excluded that PO activation of macrophages which are radiore-
sistant cells makes the greatest contribution to the drug effect in irradiated animals.

As known, decreased immunoreactivity caused by various factors (genetically
determined low response to SE in C57BI/6 mice, aging or drug-induced immuno-
deficiency) is mainly due to disregulation in interaction of immunocompetent cells,
migration of stem precursors from BM, decrease in polypotent cell number in the
spleen. The above-described PO stimulating effect observed in all immunodeficien-
cy types suggests that PO activated these processes [4].

Comparison of dose-effect curves for PO adjuvant action in healthy and irradi-
ated mice is an indirect confirmation of these considerations (fig. 2).
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Puc. 2. BausiHue MOMUOKCHIOHHS HA aHTHTEII000pa30BaHUE Y 3I0POBBIX U 00ITy-
YEHHBIX MBIIICH

3. Mooenv  cruoicenust  ummyHopeaxmugHocmu  yumocmamuxamy  (1aHHbIC
kaug. owon. H. T.b. Mactepnak u ap. ®I'BY «['HL] UacTUTYT HNMMYHOIIO-
run» ®MBA Poccum). [l orieHKH Koppurupyomiero aeiicteus 110 wHa
COCTOSIHNE MMMYHHOM CHCTEMBI MBIIIEH HCIIOIb30BAIN MPEABAPUTEIBHYIO
MHIYKINIO0 UMMYHOCYNPECCHH TPOTHBOOITYXOJIEBBIM IIPETIAPATOM IIHKIIO-
¢docdan. Huknodocdan BBoaMIHN 32 Tpoe CyTOK A0 nMmyHm3armu Ob. 10
B IMMYHOCTHUMYJIUPYIOIIEH 103€ BBOAMJIM 3a 2 4 10 HUMMyHH3auu. Llukio-
(ochaH U3BECTEH KaK CHIIbHBII HIMMYHO/IETIPECCAHT, YTHETAIOIINI HIMMYHO-
JIOTHYECKYI0 PEaKTHBHOCTD 3a CUET BIMSHUSA HA KIETKU-TIPEAIIECTBEHHHUKH,
B pe3y/bTaTe KOTOPOTO BO3HUKAET B-KIETOUHBIN Ae(DUINT ¢ HApYIIEHHEM B
TOM umcie GpyHKIMH aHTUTen000pa3oBanms. COCTOSHNE HMMYHHOU CHCTe-
MBI )KHUBOTHBIX orieHuBann no uuciay AOK B cenesenke.

Pe3synbraThl OlIeHMBAIN C TIOMOIIBIO WHAEKCA MOAYJISIINY YKa3aHHBIX Mapame-
TPOB MO OTHOIIEHHIO K TAKOBBIM Y KHMBOTHBIX, HE TIOBEPTABIINXCS BO3AECHCTBUIO
muKinogocdana.

YcTaHOBIIEHO, YTO BBEICHHE KMBOTHBIM IUKIO(pochana B 1o3e 150 mr/kr 3a
3 cyTOK 0 UMMYHH3allMi Db NPUBOIMT K CYIIECTBEHHOMY ITOJAaBICHHIO HMMYH-
Horo otBeta Ha Ob. KommuectBo AOK y KHBOTHBIX, MOTYYHBIINX ITUKIO(POChaH,
coctasisier 30 % OT ypOBHS aHTHTEI000pa30BaHUS Y 3M0POBBIX )KUBOTHBIX. [1pn
3TOM KOJIHMYECTBO SIPOCOEPIKAIINX KICTOK B CEJIE3EHKE CHIKACTCSI HE CTONb Cy-
ectBeHHO (0kosto 80 % oT HOpMBEI).
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— & Healthy
7 —=— [rradiated

AFC stimulation index

0
Control 10 mcg 100 meg 1000 mecg

PO dose per mouse

Fig. 2. PO effect on antibody formation in healthy and irradiated mice

3. Model of cytostatic-induced decrease in immunoreactivity (data of candidate
of biological sciences T.B. Masternak et al. NRC Institute of Immunology FMBA of
Russia). To assess PO correction effect on murine immunity we induced immuno-
suppression using the antitumor drug cyclophosphamide. Cyclophosphamide was
administered three days before SE-immunization. PO at an immunity stimulating
dose was administered 2 hours before immunization. Cyclophosphamide is a known
immunodepressant that suppresses immunological reactivity by acting on precursor
cells resulting in B-cell deficiency including impairment of AB production function.
State of immunity in experimental animals was assessed by AFC number in the
spleen.

Results were assessed using a modulation index (M) for the above-mentioned
parameters in relation to those in intact animals.

Administration of cyclophosphamide, 150 mg/kg to animals at 3 days before SE
immunization led to a marked suppression of immune response to SE. AFC number
in animals receiving cyclophosphamide was 30 % of that in normal animals. While
the decrease in levels of nucleated cells in the spleen was not so pronounced (about
80 % against normal).
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Ypoens AOK y KMBOTHBIX, MOTY9YaBIINX IUKIO(GOCchaH, cocTaBmst He Ooree
TPETH OT YPOBHS aHTUTEIO00PA30BaAHNS Y 3M0POBBIX KHUBOTHEIX. BBenenue 110 B
no3e 500 MKr/MBIIIb TPUBOAMIO MOYTH K AByKpaTHOMY yBeinuenuio AOK B ce-
JIe3eHKaX HMMYHOCYIIPECCHPOBAHHBIX )KHUBOTHBIX (Tabu. 3). [Ipudem aTo yBenuye-
HHE MIPOUCXOAMIO Ha (hOHE HEKOTOPOTO CHIKCHHUS KOJIMYECTBa SAPOCONCPIKAILIUX
KJIIETOK B CEJIE3EHKE, YTO MO3BOJISET FTOBOPUTH O CTUMYJISILIMA UMEHHO KOJINYECTBA
MMMYHOKOMIIETEHTHBIX KJICTOK CPEIH CIUICHOLUTOB.

Ta6nuna 3
Bimstaue nosmmokcngoHust B 103¢ 500 MKI/MBIIIb Ha HIMMYHHYIO CHCTEMY MBIIICH
C MHIYIIUPOBAHHOM 1HKI0(pochanom (B mo3e 150 Mr/kr 3a 3 cyTOK 10 ”UMMyHH3a-
[[H) UIMMYHOCYTIPECCHEH

AOK/ cenes. | AOK/L0°SICK ’Iifﬁf:;‘e'
E (M £m) cer, M+tm (M + m)
B OopaboTka ~ N N
2 SKHBOTHBIX f E a6co- f
P4 adcomoTH. | © |abGcomoTH.| © °
2 2 JIFOTH. 2
= = =
1| — | Db |Kourpomp 1|13364 £2255| - |50,2+848| - [266+9,6| —
2 | 1I® | Ob | Konrpons 2 | 4037 + 562 1 |19,0+£264| 1 |213+6,2| 1
3 |d|5b 10 7239+888 (1,79|33,7+4,13|1,77(215+4,3|1,01

UM — unnexc monyisinuy; [{® — nuknodocdan; ICK — sapoconeprkarniue
KIICTKH.

Aoviosanmmuotit 3¢pghexm I10 npu Komniekcoodpazosanuu u KOHBIO2AUUU C

Ppacmeopumvimu aHmMuzeHamu

1. Aowvrosanmmuutii aghgpexm y srcusomuuix ¢ paznuunsvimu 2enomunamu. OaHa U3
3a7a4d aJbIOBAaHTa COCTOUT B YCHJICHUHM MMMYHOTEHHBIX CBOUCTB Al M MHIYKIMU
MMMYHHOTO OTBETa y TeHETHYECKH HU3KO Pearnpyromux 0co0eit 10 ypoBHs CHIILHO
pearupyromux. B nanHoit pabore nposeneHa oleHKa BO3MOKHOCTH (DEHOTHITHYE-
cKoil koppekuun ummyHoaasioBanToM 110 (500 MKr) rymMOpanbHOTO OTBETa MBI-
IIeil pasHBIX JMHUI Ha OTHO- M JABYKPATHYIO HMMYHHU3ALHIO 1) TeMarmIloTHHHHOM
BHpYCa IPUIIa B 103¢ 1 MKT; 2) TeMarmiiOTHHHHOM B TOW )K€ /103¢ B KOMILIEKCE C
I10; 3) kowptorarom 1 Mkr remarmmotuauHa ¢ [10. B skcreprMenTax UCmons30-
BaJTH TIOJIOBO3pEINBIX Mblmieit muanii A/Sn, BLOCW, CC57W, CBA [5]. Ha puc. 3
HpeCTaBICHBl PE3YIbTaThl CPABHUTEIBHBIX HCCIIEAOBAHUI BBHIPAOOTKH MPOTHBO-
rpunmo3Hbx AT mocie nepBUYHON ¥ BTOPUYHON IMMYHH3AIINH.
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AFC levels in cyclophosphamide-treated animals were not more than one
third of those in normal mice. PO administration at 500 mg per mouse led to
about a 2-fold increase in AFC number in the spleen of immunodepressed mice
(table 3). Note, that this increase was associated with some decrease in nucleated
cells in the spleen which suggested stimulation of immunocompetent cells among
splenocytes.

Table 3
Effect of PO 500 mcg/mouse on immunity of mice with cyclophosphamide-induced
(150 mg/kg at 3 days before immunization) immunity suppression

6

AFC/spleen AFCI10 Splenic NC

NC, spleen
a (mean = SD) mean + SD (mean * SD)

S | Animal treatment (mean + SD)
I N I3V N
o & & &
abs. 2 abs. 2 abs. 2
P P b
1| - | SE|Control 1|13364+2255| - |50.2+848| - [266+9.6| -
2 |CP| SE |Control 2| 4037+562 | 1 [19.0+2.64| 1 |213+6.2| 1

3 |CP| SE PO 7239+888 |1.79|33.7+4.13|1.77|215+4.3|1.01

PO adjuvant effect associated with complexing and conjugation with soluble

antigens

1. Adjuvant effect in animals of different genotypes. The use of adjuvants
suggests enhancement of AG immunogenicity and increase in immune response
in genetically low-responsive animals to levels seen in highly reactive ones. We
attempted to find out whether the immunoadjuvant PO (500 mcg) contributed to
phenotypical correction of humoral response in mice from various lines to single
or double immunization with (1) influenza virus hemagglutinin, 1 mcg; (2) hemag-
glutinin at the same dose in complex with PO; (3) hemagglutinin, 1 mcg conjugates
with PO. The experiments were made on sexually mature animals of A/Sn, BLOCW,
CC57W, CBA lines [5]. Figure 3 shows comparison of anti-influenza AB production
after the first and second immunizations.
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; 2,5
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=
o L5 Puc. 3. YpoBeHb NPOTHBOTPUIIIIO3HBIX
12} v
£ | AHTHTEN B CHIBOPOTKE KPOBH MBbIIIEH
E Pa3HBIX JTMHU U oxHOKpaTHOM (1)
0,5 MOBTOPHOM (2) BBE/ICHUH a) TeMarTIo-
0 . THHMHA BUpPYCA IPHIINA; 0) TeMarmio-
tunuHa ¢ I10; B) KOHbIOrara remar-
KpaTtHocThs nMMyHH3aIUT rroTrHuHA ¢ [10

[Ipyn nMMyHM3aIMK YUCTBHIM TEeMArTIIOTHHUHOM HamOombmias BbipaboTka AT
3aperucrpupoBana y meiiiedd guaun B10CW, HauMeHbliass — y MbIIIeH JTHHAN
CBA CC57W mocne mOBTOpHO#H MMMyHH3AMH. Meimu nuaud A/SN 3aHuMAaITH
nmpoMexyTodHoe nonoxenue. [1pu BBenennu AI' B kommurekce ¢ [1O otmedeno ycu-
JICHNE IMMYHHOTO OTBETA Y MbIIIEH BCeX JIMHMI B Pa3HON CTENICHN BBIPAKCHHOCTH:
npoxykiust AT pesko Bospocnma y A/Sn, BeipaxkeHo — y Mbimeii muann CBA u B
MEHBIIIEH CTeleHn — y CUIIbHO pearupytoineit Ha AT muanun B10CW.

B ciywae mvmyrn3anmu Meieil korbsioratoMm ¢ [1O tutp AT y Mbrmeit Bcex
UCCIIEZIOBAHHBIX JIMHNH 3aMETHO yBEIMUIMIICA (DAKTHUECKH 10 OTHUX U TEX JKE Be-
nu9rH (TaHHBIC TIPEICTABICHBI B Ta0M. 4).
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A B
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k=
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2
= 1,5 Fig. 3. Anti-influenza antibody level
E | in spleen of different mouse lines after
@ single (1) or repeated (2) administra-
0,5 tion of influenza virus hemagglutinin
0 . (A); hemagglutinin plus PO (B); hem-

agglutinin plus PO conjugate (C)

Number of immunizations

After immunization with hemagglutinin alone the maximum AB production
was observed in B19CW mice and the lowest activity in CBA, CC57W after the
second immunization. A/Sn mice occupied intermediate position. Administration
of the AG in complex with PO increased immune response in all mouse lines to a
different extent with a sharp rise in AB production in A/Sn, marked increase in CBA
and to a lower degree in a highly reactive BLOCW lines.

Mouse immunization with hemagglutinin-PO conjugates increased AB titers in
all lines to similar levels (table 4).
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Tabnauna 4
BbipaboTka aHTHUTEN MBIIIAMHU Pa3HbIX JIMHUN Yepe3 2 HeJeNH M0Cie MOBTOPHOM
UMMYHH3AIUM TIpenapaTtaMy, COAEPXAIIUMH TeMarrIloTHHWH BHpyca TpHUIIa
(TuTp aHTHTENT B IMMYHO(DEPMEHTHOM aHAIN3E)

CpeaHuii THTP AaHTUTEJI K reMarrJl0THHUHY IPH UMMYHH3a-
MU MbIIIEH
JInaus
. Komnuekce Konbrorar
MbIHIel T'emar-
reMarrJJlOTHHHHA C HM- reMarrJlOTHHHHA ¢
IJIIOTHHHH
myHoaabloBaHToM I10 | mmyHoaabroBantom 11O
CC57TW 57 052 99 334 2 408 995
B10CW 489 178 561918 2767 209
CBA 57 052 262 144 1290 948
A/Sn 161 369 741 455 3913424

Takum 00pa3zoM, BKIIOYEHHE MMMYyHOabloBaHTa [IO B cocraB BakIMHHOTO
npemnapara (Kak B BAJIC KOMIUICKCA, TaK U B BHIE KOHBIOTATa) MPUBOAUT K KOPPEK-
LUK TEHETHYECKH JIETePMHUHUPOBAHHOTO T'YMOPaIbHOTO MMMYHHOI'O OTBETa: Ypo-
BEHb aHTUTEI000pa30BaHMs y 0COOEH C HU3KOH peaKTHBHOCTHIO Ha Al' 3HAYNTEIB-
HO BO3pacTaet, B TO BpeMsl K&K UMMYHHBIH OTBET Y BBICOKO PEarupyroimx ocodei
YBEJIMYMBACTCS B MEHBINICH CTENICHN IO CPAaBHEHHIO C OTBETOM Ha «4HCTHIN» Al

2. Aovioganmuwie ceoticmea konwvrocama I10 ¢ anmueenamu mybeprynesza. Xu-
BOTHBIX (Mbim nanu BALB/C) pasgenwnu Ha 3 Tpymmsl: B 1-it ombITHOM TpyTime
ummyH#n3anuo npoBoamwid 100 MKr pekOMOMHAHTHOTO OejiKa TyOepKyJIe3HOi Mu-
kobakrepun HSP70; Bo 2-it — 500 mxr xorsrorara HSP70 ¢ 1O (comepskan 20 %
HSP70); B KoHTpOIBHO#T TpyIITie BHYTPHOpIOMMHHO BBOAMIH 100 MK CTEpHIIBHO-
ro ¢usnosoruyeckoro pacteopa. Yepes 4 Hel. NMpOBOAMIACH OBTOPHAS HMMYHH-
3arust. Yepes 2 HeJl. ocIie MOBTOPHOW MMMYHH3AIMH )KUBOTHBIX TIO/IBEpPIajii 9BTa-
Ha3MM JUIS TIOJIyYSHUS! KIIETOYHOU KYJIBTYPbI JIUM(OIMTOB CEJIC3CHKH U CHIBOPOTKU
nepudepudecKoi KpoBH.

Ormpe/iefieHne aHTUTEIBHOIO UMMYHHOTO OTBETa MPOBOIMIOCH METOJOM He-
PSIMOTO TBEP10(ha3HOr0 UMMYHO(DEPMEHTHOTO aHaJIM3a CHIBOPOTOK HUMMYHHU3UPO-
BaHHBIX MbIIIIEH. 32 TUTP B UMMYHO(GEPMEHTHOM aHaJIi3€e IPUHUMAIINA HanOoJIbIIee
pa3BeIcHUE CHIBOPOTKH, MPH KOTOPOM 3HAYCHUE €€ ONTUYECKOM MIIOTHOCTH BIIBOE
MPEBbIIIACT 3HAYCHUE TAKOBOW KOHTPOJbHON CHIBOPOTKH.

DKCIEPUMEHTAILHO OBUIO MMOKa3aHO, YTO peKoMOMHAHTHBIN Oemok M. tuber-
culosis HSP70 u ero xombiorar ¢ IO ciyaT CHIBHBIMH CTHMYJISATOPAMH Kak
T-KJIETOYHOTO, TAK ¥ TYMOPaJILHOTO MIMMYHHOTO OTBETA, MPUYEM KOHbIOTaIus 0e-
ka ¢ 10 3HaYnTENBHO YCHITUBAET 3TOT OTBET (pHC. 4).
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Table 4
Antibody production by different murine lines at 2 weeks following second
immunization with influenza virus heamagglutinin-containing agents (EIA antibody

titer)
Mean anti-hemagglutinin antibody titer after immunization
Mouse line | Hemagglutinin | HA+Polyoxidonium HA+Polyoxidonium
(HA) complex conjugate
CC57W 57 052 99334 2 408 995
B10CW 489 178 561918 2767 209
CBA 57052 262 144 1290 948
A/Sn 161 369 741 455 3913424

So, the use of immunoadjuvant PO together with a vaccine agent (both as a
complex or a conjugate) led to correction of genetically determined humoral im-
mune response with a marked increase in AB production in animals with low reac-
tivity to the AG and a more moderate increase in highly reactive animals.

2. Adjuvant properties of PO/tuberculosis antigen conjugate. BALB/c mice re-
ceived immunization with 100 mcg recombinant protein of tuberculosis mycobac-
terium HSP70 (test group 1), 500 mcg HSP70/PO conjugate (20 % HSP70) (test
group 2), 100 mcg sterile saline (control group) intraperitoneous Second immuni-
zation was made 4 weeks later. At 2 weeks after the second immunization the mice
were euthanized to obtain splenic lymphocyte culture and peripheral blood serum.

AB immune response was assessed by indirect solid-phase enzyme immunoas-
say of serum from immunized mice. Maximum serum dilution with optical density
twice greater than that in control serum was used as the enzyme immunoassay titer.

It was demonstrated experimentally that recombinant protein M. tuberculosis
HSP70 and its conjugate with PO were strong stimulants of both T-cell and humoral
immunity, with the HSP70/PO conjugate increasing considerably this effect (fig. 4).
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Puc. 4. Tutp criennuIecKux aHTUTEN B CBIBOPOTKE HMMYHHU3UPOBAHHBIX MBIIIEH
HSP70 u xorsrorarom HSP70 ¢ nmonunokcuiounemM

Tutp AT x pexombunantHomy 6enky HSP70 cocrasun 1:4000. Konbrorais ¢
[1O ycunuBaeT ypoBeHb aHTHTEILHOTO OTBeTa 10 cpaBHeHuto ¢ HSP70, T. e. Tutp
AT «x xonptorary cocraui 1:160 000. Takum 06pa3om, MOXKHO TOBOPHUTH O TOM, 4TO
KOHBIOTAIust 3HaunTenbHO (B 40 pa3) ycHiImBaeT ryMOpaibHBI HMMYHHBIN OTBET.

AHTHUTETBHBIA OTBET HE JICKUT B OCHOBE OOPHOBI C MHUKOOAKTEPHSMH, HO
CIy)KUT B@)XHBIM II0Ka3aTeleM, OTPAXKAIONIMM OOLIyI0 aKTHBALUIO HMMYHHOM
CHCTEMBI, HaIpaBIEHHYI0 Ha 00pbOy c TybOepkynezoM. LleHTpampHOE 3BEHO pe-
3UCTEHTHOCTU K TyOepKyle3y — KIeTOYHbI UMMyHHUTET. [Iponudepupys, CD4+
T-muMQOIUTEI UTPAIOT BaXXHYIO POJIh B (DOPMHPOBAHUH TyOCpPKYIIE3HOH rpaHyIe-
MBI ¥ OTPaHMYECHUHN PACIIPOCTPAHEHNs BO30OYAUTENS B TKaHX. B mpeaBapuTebHbIX
HKCTIEPIMEHTAX MOKA3aHO, YTO BBEICHNE PEKOMOMHAHTHOTO OeKa TyOepKyIe3HOi
mukobakrepun HSP70 u ero xonbtorara ¢ I10 BbI3bIBACT KOMILIEKC M3MEHEHHIA B
UMMYHHOW CHCTEMeE, 3aTpariBarolIuii Kak TyMOpPaIbHOE, TaK U KJIETOYHOE COCTAaB-
nsromme nMMyHurera. [IpoBoamack oneHka nponudepamun T-KIeTok B cirydae
MMMYHHU3AIHU TOJIBKO pekoMOuHaHTHBIM Oesikom HSP70 u konbtoratom c T10. TTo
CPaBHEHHUIO C UMMYHHM3aIMeH pekoMOrHaHTHBIM Oenikom HSP70 konbrorar ycusu-
BaeT mposmdepairio B 2,7 pasa [6].

W3yden u apyroil mMoaxod K WCCIIEIOBAHMIO BaKIMHHBIX TpemnaparoB ¢ I10.
[IpoTtexTnuBHBIN 3 eKT oneHnBaTN Ha MbImax JuHu CBA, 3apakeHHBIX BHPY-
neutHBM trammoM M. tuberculosis H37Rv, mocite nmMyHu3aiin BakimHO# BIDK
u coueranHoit nmmyHnn3armeit BIK + I10. Jlannasie npeacraBieHs! B TadM. 5.
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Fig. 4. Specific antibody titer in mouse spleen after immunization with HSP70 or
HSP70 + PO conjugate

The titer of AB to recombinant HSP70 was 1:4 000. HSP70 conjugation with
PO increased the AB response as compared to HSP70 alone: the titer of AB to the
conjugate was 1:160 000. Therefore the conjugation increased dramatically (40-
fold) humoral immune response.

AB response does not contribute greatly to defense against micobacteria, though
it is an important indicator of general immunity activation for defense against tuber-
culosis. It is cell immunity that plays the central role in resistance to tuberculosis.
Proliferating CD4+ T-lymphocytes contribute greatly to generation of tubercular
granuloma and restrain the infectious agent from spreading in tissues. Preliminary
experiments demonstrated that administration of the recombinant protein HSP70
and its conjugate with PO induced multiple changes in the immune system involving
both humoral and cellular components. We assessed T-cell proliferation after immu-
nization with HSP70 alone and HSP70/PO conjugate. The conjugate increased the
proliferation by 2.7-fold as compared to HSP70 alone [6].

We also used another approach to study of vaccines with PO. Protective effect
was assessed in CBA mice infected with M. tuberculosis virulent strain H37Rv after
immunization with BCG and BCG+PO. Table 5 demonstrates the results.
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Tabauma 5

CpaBHHTeIBbHAS XapaKTepucTHKa KomruiekcHoro npenapara BIDK-TIO u BakiuHb
BIDK y mermeit tuann CBA mocite 3apakenunst M. Tuberculosis H37Rv

Iloka3zarennb
IIpenapar Iponomxkurens- BriceBaemocts, | TyGepkyJInHOBBIE
HOCTb KM3HM, THU KOE npoodbI, MM
BIDK-TTIO 71,1+ 3.2* 1.77 £0.36 x 10°* |0.35 + 0.08*
BIK 60,3++29* 2.6 +0,43 x 10%* 0.32 + 0.09*
T10 28.7++1.9 6.8+ 0.1 x 107 0.11 £0.02
Kontpons 26,0++1.8 2,5+0.3 x 108 0.10 £0.02

*p < 0,05 no cpaBHEHUIO C KOHTPOJIBLHON IPYIIION M TPYIMIION MBIIIEH, TTOIyYaB-
mmx [10.

YcTaHOBIIEHO MPOTEKTUBHOE JEHCTBHE KOHBIOTATa, COMMOCTABUMOE C TAKOBBIM
muis BakiuHb! BIDK. bonpmas addexruBroCcTs [10 moka3ana mpu BBeIEHHH €T0 Ha
(hone BaknmHanuu LK u 1ByKkparHOTro BBEICHUSI MIMMYHOAIbIOBaHTa 3a 2 1 1 Mec.
J10 3apaskeHust xuBOTHBIX. [Ipn BBenenun 110 Ha QoHE BakIMHAINY TTOKa3aHA HaH-
Jy4Iinasi BBDKMBA€MOCTb ’KUBOTHBIX, HAMMEHbBIIIAsI BHICEBAEMOCTh MUKOOAKTEPHU 1
HaWBBICIIHE TYOCPKYIMHOBEIE TIPOOHI [7].

Knemounvie u monexynapnvie mexanumol UMMYHOMOOYIUPYIOULE20 U

aovroeanmuozo oeticmeusn IO

1. Ceazviganue 110 ¢ ummynokomnemeHmHuIMU KIeMKAMU U 8IUAHUE HA DAK-
MepuyuoOHyr0 aKmueHocms @acoyumos. ONBITHI, MTPOBOAMBIINECS C MOMOIIBIO
nporouHoi rutoMeTpuu u I10, meuennoro duryopoxpomom, mokaszanu, 9o 110 ¢
HanOoJbLICl HHTEHCUBHOCTBIO CBSI3BIBACTCSI ¢ MOHOLIIMTAMH U HEHTpoduiIamu me-
puepryeckoil KpoBH YeIoBeKa U ¢ MEHbIIEH HHTEHCHBHOCTBIO C JIMM(OIUTAMU
(puc. 5) [8].

IIpu B3amMonecTBUU ¢ MOHOHYKJI€apaMH HepupepuIecKoil KPOBU HeIOBe-
ka I1O cymiecTBeHHO MOBBIMAET MUTOTOKCHYHOCTE NK-Ki1eTok 1Mo oTHOmEHHIO K
kietkam-muieHsm K-562. Dot s dext HabIroaaeTes NpakTHUECKH y BCEX Uccie-
JTIOBaHHBIX JOHOPOB, MIPHYEM TOBBIMAIOIMNN 3(PPEKT 0COOEHHO BBIPAXKEH Y WHIM-
BUJIyyMOB, Y KOTOpPBIX akTHBHOCTH NK-KJIeTok Haxomunach Ha HIKHEH IpaHHLE
HOPMBI WITH OblTa TIOHMKeHa (Tabi. 6).
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Table 5
Comparison of BCG-PO complex agents and BCG vaccine in CBA mice after
M.tuberculosis H37Rv infection.

Agent _ _Parameter _
Life span (days) | Isolation rate (CFU) | Tuberculin test (mm)
BCG-PO 71.1+3.2*% 1.77 £ 0.36 x 10%* 0.35 + 0.08*
BCG 60.3 + 2.9* 2.6 £0.43 x 10°* 0.32 +0.09*
PO 28.7+19 6.8+0.1 x 107 0.11 +0.02
Control 26.0+1.8 25+0.3x 108 0.10 £ 0.02

*p < 0.05 vs. Control and PO-treated mice

The conjugate produced protective effect compatible with that of BCG. PO effi-
cacy increased as a result of its administration after BCG immunization and double
administration of the immunoadjuvant at 2 and 1 months before infection of the
animals. PO administration after vaccination was associated with the best animal
survival, the least mycobacterium isolation rate and the highest tuberculin titers [7].

Cellular and molecular mechanisms of PO immunomodulating and

adjuvant activities

1. PO binding to immunocompetent cells and effect on phagocyte bactericidal
activity. Experiments using flow cytometry and fluorochrome-labeled PO demon-
strated that PO bound to the highest degree with human peripheral blood monocytes
and neutrophils and to the least degree with lymphocytes (fig. 5) [8].

After binding to human peripheral blood MNC PO increased markedly NK cy-
totoxicity against K-562 target cells. This effect was seen practically in all donors,
though the enhancement was more marked in individuals with NK activity at or
beneath the lower limit (table 6).
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Puc. 5. Kietounsie MexaHM3MBI JeiicTBUsT monnokcumoHus. (A) JIumMdOIuTEI.
(B) Heiirpodumsr. (C) Monorutst. (D). 3aBucumocTts 103a—3(hPeKT HHTCHCHBHO-
ctu ceuenust (GeoMean) ®-TTO (1002000 mxr/min) Ha sefikormrax (3 4 HHKyOa-
n) [17]. FITZ — ¢pnyopectenHU30THOIIMAHAT

TabGuuia 6
Brustue monnokcnmonust Ha UTOTOKCHIHOCTE (LI T) MOHOHYKIICapOB 3M0POBBIX
JIOHOPOB B OTHOMICHHH KIIeTOK JinHAH K-562 (B %)

HUcxonnas LT | Yucao nonopos arT T B npucyrcreuu IO
(50 mxr/mur)
Huzkas 2 12 45
Cpennsist 5 447 +6,9 46,7+ 45
Bricokas 2 66 42
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Fig. 5. Cellular mechanisms of PO activity. (A) Lymphocytes. (B) Neutrophils.
(C) Monocytes. (D) Dose-effectrelationshipbyluminescenceintensity (GeoMean)
F-PO (100 — 2000 mcg/ml) on leukocytes (3 h incubation) [17].

Table 6
PO effect on mononuclear cytotoxicity (CT) against K-562 cells in healthy donors
(%)
Baseline CT | Donor number CT CTin the presence of PO
(50 meg/mil)

Low 2 12 45

Medium 5 447+6.9 |46.7+45

High 2 66 42
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BeiesieHre MOHOHYKIIEapOB MPpOBOAMIHK Ha rpaauenTe Ficoll-Pague obmienpu-
HATBIM MeTOJOM. YacTh MOHOHYKJIeapoB H (aroruToB aktuBuposanu [10 B no3u-
poeke 1, 50 u 100 mkr/mi. B KauecTBe MHIIICHEH HCITONB30BATH YECIOBEUCCKYIO
spHuTpoMHETOnaAHYIO JuHIu0 K-562. Murenu (2 mua/vin) nakyouposamu mpu 37°C
B armocdepe 5% CO, B Teuenme 1 4 B mpucyrctun *H-ypumuna. [anee kiet-
KU OTMbBIBAIH, KIETKU-3()(PEKTOPHl U MHIICHU CMEHIMBAIU B cooTHommeHnn 50:1
1 nomemanu B CO,-unky6arop Ha 16 4. Pajuomerpuio NpOBOJUIN HA CHETUHKE
«B-Trac» (CILIA).

IIpu m3ygennn Biusaus [10 Ha TUTOTOKCHYECKYIO aKTUBHOCTH HEHTPO(HIIOB
1 MOHOHYKJICApOB OOJBHBIX PAKOM JIETKOTO TTOKa3aHo (Tabi. 7), 94TO UCXOHAS ITH-
TOTOKCHYECKasi aKTUBHOCTh HEAKTHBHPOBAHHBIX HEUTPO(DHUIOB U MOHOHYKJICAPOB
MOJIHOCTBIO OTCYTCTBYET M JIakKe HaOIIONAeTCs CTUMYJISIUS POCTa KIETOK-MHIIe-
ueit. [Tpu akrusarmu 10 B 103¢ 100 MKT/™MiT HaGIOMACTCS PE3KOE YBEITHUCHHUE TIH-
TOTOKCHYECKOI aKTHBHOCTH KaK HEHTPO(UIIOB PaKOBBIX OOJBHBIX, TAK U MOHOHY-
KJIEapOB TEX K€ CaMbIX OONBHBIX [1].

Tabnuma 7
Brmstaue nonmmokcumonus Ha UTOTOKCHIHOCTD (L[ T) HEHTPODHIOB 1 MOHOHY-
KJIeapoB OOJBHBIX PAKOM JIETKOTO B OTHOIIEHHMH KIIeTOK JIMHUH K-562

Yucio UT & npu-
Kierkn Hcxonnas LT cyrcruu IO
00JILHBIX
(100 mxr/mur)
. CTuMyIsIus pocta KISTOK JTH- +
Hetirpodrumsr 6 i K-562 540+2,11
CTuMyIsius pocta KIeTOK JTH- +
MoHoHyKITeapsI 7 i K-562 62,1+1,7

IIpu B3ammopetictBum ¢ MouomuTamu I1O0 WHIynHMpyeT yMEpeHHBIH CHH-
T€3 MPOBOCHATUTENbHBIX UTOKUHOB IL-1B u IL-6, akTMBHpYOMIMX KIETKH Kak
BPOJKIEHHOTO, TaK M aJallTUBHOTO MMMYHHTETA, C YEM MOXKET OBITh CBsI3aHA €TO
HelTpoduIakTUBHpYIOMas akTHBHOCTE. C 3THM, BEPOSTHO, CBsI3aHA CIIOCOOHOCTh
T1O 6pIcTpo MOBBIIIATE AHTHUH(EKITMOHHYIO PE3UCTEHTHOCTH. [IpeaBapurenpHoe
BBezieHne 11O cymecTBeHHO MOBBIIIACT YCTOHYMBOCTD MBIIICH K 3apakeHHUIO He-
CKOJIBKAMH O€3yCIOBHO CMEpPTEIbHBIMHU q03amu St.aureus u S.typhimurium [9, 10].

IIpu B3anmoneiictBuu ¢ HelTpopmmamu 10 CymecTBEHHO MOBBIIIAET MX aK-
TUBHOCTb, YTO TMPOSBIISICTCS B TOBBIIIEHHON CITIOCOOHOCTH (haroUToB MOIIOIMATH
n yOmBath mornonieHnsle Oakrepuu. Ha Mmonenn HeliTpodmimos nokaszano, uro [10
npumepHo Ha 40—60 % noBbIIaeT UX ClIOCOOHOCTH YOMBATh MOMIOICHHBIH cTadu-
JIOKOKK (pwuc. 6).
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MNC isolation was made by a common Ficoll-Pague gradient procedure. A
part of MNC and phagocytes were activated with PO at 1 mcg/ml, 50 mcg/ml and
100 mcg/ml. Human erythromyeloid line K-562 was used as a target. The target
(2 000 000/ml) was incubated at 37°C in 5% CO, for 1 h in the presence of 3H-uri-
dine. Then the cells were washed, effector cell and target cells were mixed in a 50:1
ratio and placed into a CO_-incubator for 16 h. Radiometry was made using a B-Trac
(USA) counter.

Study of PO effect on cytotoxic activity of neutrophils and MNC from lung
cancer patients (table 7) demonstrated that at baseline non-activated neutrophils and
MNC were completely free from cytotoxic activity and even stimulation of target
cell growth was observed. Activation with PO at 100 mcg/ml led to a dramatic rise
in cytotoxic activity of both neutrophils and MNC from cancer patients [1].

Table 7
PO effect on cytotoxicity of neutrophils and mononuclears from cancer patients
against K-562 cells

CT in the
Cells Patient number Baseline CT presence of PO
(100 mcg/ml)
Neutrophils 6 K-562 growth stimulation 540+2.1
Mononuclears 7 K-562 growth stimulation 62.1+17

When interacting with monocytes PO induced moderate synthesis of proinflam-
matory cytokines IL-1p and IL-6 that activated cells of both innate and adaptive
immunities which could account for its neutrophils activation capacity. And this
might be responsible for PO ability to inhance quickly the body anti-infection resis-
tance. Preliminary PO administration increased considerably murine resistance to
infection with several DCL of St. aureus and S. typhimurium [9, 10].

PO interaction with neutrophils increased dramatically neutrophils activity
which could be observed by increased phagocyte ability to absorb and kill bacteria.
It was shown on the neutrophil model that PO increased the neutrophil’s ability to
kill staphylococcus by about 40 to 60 % (fig. 6).
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Puc. 6. BnusiHue MoianoKCHIOHUS Ha OAKTEPUIMTHYIO aKTHBHOCTD (haroluToB

BaxHo, 9T0 y OONBHBIX C XPOHIMYECKOH IpaHyJIeMaTO3HON OO0JIe3HBIO, XapaKTepH-
3yfoleiicss OTCYTCTBHEM OaKTepUIMAHOM akTHBHOCTH HelTpodwios, IO BoccTanaBmm-
BAET CIMTOCOOHOCTD ATHX KIIETOK YOMBATh MOTIIOIICHHBIH cTaduiokokk (puc. 7) [11, 12].

2. Veunenue sxenpeccuu MONeKyn KOCHUMYIAYUU OeHOPUMHBIMU KLeMKAMU U 8bl-
pabomka yumokurnos Makpopacamu yenogexa npu cmumynsyuu 110 in Vitro (naxmbie
n-pa mex. H. M.B. [NamenkoBa, @I'BY «['HII Mucturyt mmmyronorum» @MBA Poc-
cun). DC 1 Makpodary momydany mo oOIIeTPHHSITON METOMKE W3 MOHOIIHTOB TIEPH-
(epuueckoit kpou demoseka (puc. 8) [13]. MoHOHYKIIeapHbIe KICTKH BBIICISIH 3
JIOHOPCKOW BEHO3HOH KPOBH Ha TPAIMEHTE INIOTHOCTH (pHUKOIUT-yporpadua. MoHoIw-
THI BBIICIISUIH M3 CYCIICH3MH MOHOHYKJICApHBIX KIIETOK ITyTeM aJre3uH K IuacTuky. Ha
6-i1 ieHb KyIIBTYphI KIIETOK OTAEIISUIN OT IUTACTHKA ITyTeM TPUIICHHU3AMH. [Ipn mMmMy-
HO(eHoTHITpOoBaHNK TToBepXHOCTHBIHN (henorun DC 6pi1 CD1a*CD11c*CD14-CD80~
CD83-CD86"CD206 HLA-DR*, makpoaros— CD1a CD11¢c*CD14*CD80“mCD83-
CD86YmCD206*HLA-DR*; konTamuHanus tumdonuramu cocrasmia < 2 %.
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Phagocyte bactericidal activity in PO-free control
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Fig. 6. PO effect on phagocyte bactericidal activity

What is important, PO recovered the neutrophil’s ability to kill staphylococcus
in patients with chronic granulomatosis characterized by the absence of neutrophils
bactericidal activity (fig. 7) [11, 12].

2. Enhancement of expression of costimulation molecules with dendritic cells
and cytokine production by human macrophages after in vitro PO stimulation (data
supplied by M.V. Paschenkov, MD, NRC Institute of Immunology FMBA of Rus-
sia). DC and MP were grown by a common procedure from peripheral blood mono-
cytes (fig. 8) [13]. MNC were isolated from donors’ venous blood by phycoll-uro-
grafin gradient procedure. Monocytes were extracted from MNC suspension by
adhesion to plastic. On day 6 cell cultures were separated from plastic by trypsiniza-
tion. DC surface phenotype was CD1a*CD11¢*CD14-CD80-CD83-CD86¢mCD206-
HLA-DR", that of MP was CD1a"CD11¢*CD14*CD804"CD83-CD86%m"CD206*H-
LA-DR*; lymphocyte contamination was less than 2 %.
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I'M-KC® + IL-4, 6 cym I'M-KC®, 6 cym

emperie DC

Crumymsiaus [10 B Teuenue 24 4
OtpurarenbHbI KOHTPOIIb — KyJIBTypHAs cpeia
Honoxurensubiii koHTpoIs — JIIIC (0,1 MKI/™MIT)

Y Y

DKcnpeccust MOJIEKYI KOCTUMYJISINH ITpoyKuust UTOKHHOB
(TIpOTOYHAS TUTOMETPHSL) (mMMyHO(DEPMEHTHBIH aHAIN3)

Puc. 8. BimsiHue OMTMOKCUIOHHS HA SKCIIPECCHIO KOCTHMYISATOPHBIX MOJEKYN
[IUTOKWHOB JICHAPUTHBIMH KIICTKAaMH M Makpogaramu (cxema OmbITa)
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Phagocyte bactericidal activity in PO-free control
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Fig 7. PO effect on bactericidal activity of phagocytes from patients with chronic
granulomatosis

GM-CSF + IL-4, 6 days GM-CSF; 6 days

Niacrophages

24 h PO stimulation
Culture medium as negative control
LPS (0.1 mecg/ml) as positive control

Y Y

Costimulation molecule expression Cytokine production
(flow cytometry) (enzyme immunoassay)

Fig. 8. PO effect on expression of costimulating molecules and cytokines on den-
dritic cells and macrophages (experiment diagram)
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Momnyuennsie DC u makpodaru BeiceBaiu B TyHKH 96-TyHOUHBIX TLIOCKOIOH-
HBIX IUIAHIIETOB M KYJIGTHBHPOBAJIN B TeUCHUE 24 4 B OTYTCTBUE KaKUX-THOO CTH-
MYJIOB, JIN0O0 ¢ pa3In4HbBIMU KoHIeHTpanusamu [10, mido ¢ KOHTPOIBLHBIM CTUMYJIS-
topom — sumoniosucaxapugom (JITIC) E.coli mramma O111:B4 B konmeHTpanmn
100 ur/mit. Yepes 24 1 cobupanu cyrnepHaTaHThI ¥ OIIEHUBAIH B HUX YpoBHU TNF-o
n IL-6 meromoM TBepaohazHOr0O MMMYHO(DEPMEHTHOTO aHAIN3a; CaMH KJIETKH
okpatnuBaiu duroopecteHTHo medeHHbIME AT k CD80 u CD86 u ananusupoBaiu
C MTOMOIIBIO IPOTOYHOTO [TUTOMETPA.

1O B ronumentparmu 1000 mxr/mi yeunmsan skcrnpeccrto CD80 (B Menbeit
creniean CD86) neraputHpMU KieTkamu (prc. 9).

[Monuoxcunonuit He uHaAynMpoBai BeipadoTky TNF-o u IL-6 nenapuTHbIMU
KJIETKaMH, OJJHAKO B KoHIeHTparmu 1000 MKI/MIT TOCTOBEPHO MHIYIIHPOBAI BBIpa-
0OTKy 3THX JIByX ITUTOKHHOB Makpodaramu (puc. 10).

Taxum obpa3oMm, mokaszano, uto I1O oGmamaeT AByMs BaKHBIMH CBOWCTBAMU
AbIOBAHTA. YCHJIMBAET DKCIPECCHIO KOCTHUMYISTOPHBIX MOJEKYJI W HHIYLHPYET
BBIPAOOTKY aKTHBAIIMOHHBIX [TUTOKHHOB.

CD80 CD86

160+ sk 140+
140 120
120+ 100

— 100 . = 50 T

= 80 = 60 -
60 - ]’
401 40+
20 20+

0- 0
Oxonrposs TTIO 1 mkr/ma BTIO Imr/mn WIITIC 1 mkr/win Oxonrpors OTIO 1 mxr/va ETIO 1 mr/mn BUJITIC 1 mxr/vn
* p < 0,05;

** p<0,01 Mo CpaBHEHHUIO C KOHTPOJIEM.

Puc. 9. Dxcnpeccus monekyn koctumyssinan (CD 80 u CD86) meHApUTHBIME KITCT-
KaMH O] ACHCTBUEM MOIMOKCUIOHHS
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The DC and MP were placed into 96-well plates and cultured 24 h either free
from any stimulation or with various PO concentrations, or with control stimulator
LPS E. coli, strain O111:B4 at 100 ng/ml. After 24 h the supernatant was harvested,
and TNFa and IL-6 levels were measured by enzyme immunoassay; the cells were
stained with labeled anti-CD80 and -CD86 AB and counted using a flow cytometer.

PO at 1000 mcg/ml enhanced expression of CD80 and to a lower extent of
CD86 on DC (fig. 9).

PO did not induce production of TNFa or IL-6 by DC, however at 1000 mcg/ml
significantly induced production of these two cytokins by MP (fig. 10).

Therefore, PO demonstrated two important adjuvant properties, i.e. enhanced
expression of costimulating molecules and induced production of activation cyto-

Kines.
CD80 CD86
160+ sk 140
140+ 120-
120+ 1004
= ° = 601
60 i
40 401
20 20+
0 0
O control O PO 1 mcg/ml @ PO 1 mg/ml MLPS | meg/ml Ocontrol OPO 1 meg/ml PO I mg/ml MLPS 1 meg/ml

Fig. 9. Costimulation molecule (CD80 and CD86) expression on dendritic cells
under the PO effect
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TNF-a IL-6
3000 *k 14000 *ok
2500 - 12000 -
q2000 4 10000 7
2 S 1
21500 £ 8000
= = 6000 |
1000 -
% 4000 *
5007 2000
0- 0
Bcourpors B0 Luriun IO Lur/wr BIIC ke Okourpors  BTIO 1 mxr/ma BTIO 1 mr/mn BUJITIC 1 Mkr/va

*p<0,05;
** p <0,01 mo cpaBHEHUIO C KOHTPOJIEM.

Puc. 10. Bripadorka TNF-o u IL-6 makpodaramu moj AelcTBUEM MOINOKCHTOHUS

3. Yeunenue cnocobnocmu DC axmusuposams CDA+ T-xnemxu (nanusie 1-pa
men. H. M.B. [Tamenkoa, ®I'BY «I'HI| UucTtuTyT nmmyHnonorun» ®MBA Poc-
cun). YCHIICHHE SKCIIPECCHU KOCTUMYISITOPHBIX MOJICKYJT M aKTHBALIMOHHBIX IIHTO-
KHHOB, TOCTHTraeMoe 1ox aeiictereM I10, JINIb KOCBEHHO YKa3bIBaeT HA yCHUIICHUE
CIIOCOOHOCTH aHTUTCHIPECTaBIIOMINX KIETOK, ImoaBeprummxcs aedcreuio 110,
aKTHBUPOBaTh aHTUreH-crienuduueckne CD4* T-knetku. [yt TOro 4To0bI IPSIMO
poJIeMOHCTpUpOBaTh, 4to 10 ycunusaet cnocodnocts DC akTHBUpOBaTh aHTH-
reH-crenuduueckre CD4* T-kineTku, ObUTH MPOBEICHBI CIEIYIONINE IKCIIEPHUMEH-
THI (CXeMa OTbITa MpuBe/cHa Ha puc. 11).

Pe3ynbTaThl penpe3eHTaTHBHOrO OIbITa NpHBeeHB! Ha puc. 12 u 13. Henarpy-
xenubie DC, HezaBucumo ot 06padorku JITIC wnu 10, He MHIYIUPOBAIN 3HAYH-
Mmyto BbipaboTky IFN-y ayronoruunbsimu CD4* T-kierkamu. JloOaBieHne B KyJIbTy-
py monoknoHanbHbIX AT k CD3 npuBoanio k Beipakennoi mpoaykiu IFN-y. DC,
HarpyxenHbie Al, nHynupoBanu 3HauuMyto BeipadoTky IFN-y T-kierkamu. DC,
Harpyxeaasie A" u I1O, oxazanmuch 3HaUNTENBEHO Oojee YPPEKTHBHBIMA WHIYK-
topamu IFN-y o cpaBuenuto ¢ DC, narpyxenubivu tosibko A" win AT + JITIC.
CxomHble pe3ysbTaThl IOMYYCHBI IIPH MCCIEAOBAHUH NPONU(EPATUBHOIO OTBETa
[14].

Takxum 00pa3oM, B HACTOSIIIMX OIBITAX MPSAMO IIPOJEMOHCTPUPOBaHO, 4To [10
ycunuBaet crnocodHocts DC akTHBUpPOBaTh aHTUTEH-CIICIM(DUUECKUE ayTOIOrnY-
uble CD4* T-KJIeTKH, 4TO BBIPAXKAETCS B YCHJICHUH aHTUTC€H-CIeNU(PHIECKON Mpo-
naykiun [FN-y CD4* T-knetkamu.
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Fig. 10. TNF-o and I1L-6 production by macrophages under the PO effect

3. Enhacement of DC ability to activate CD4+ T-cells (data supplied by
M.V. Paschenkov, MD, NRC Institute of Immunology FMBA of Russia) The en-
hancement of expression of costimulating molecules and activation cytokines under
the effect of PO suggests but indirectly that AFC acquire increased ability to activate
AG-specific CD4* T-cells as a result of exposure to PO. The following experiments
were made to demonstrate directly that PO enhanced the DC ability to activate
AG-specific CD4* T-cells (see fig. 11 for the experiment procedure).

Results of representative experiments are presented in figs. 12 and 13. Non-load-
ed DC whether exposed or not exposed to LPS or PO failed to induce noticeable
production of IFNy by autologous CD4* T-cells. AG-loaded DC induced a notice-
able production of IFNy by T-cells. AG+PO-loaded DC appeared much more ef-
fective inducers of IFNy as compared to AG- or AG+LPS-loaded DC. Study of the
proliferative effect gave similar results [14].

So, our experiments demonstrated directly that PO enhanced the DC ability to
activate AG-specific autologous CD4* T-cells, as shown by increased AG-specific
production of IFNy by CD4* T-cells.
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I'M-KC® + IL-4, 6 cym
Hespensie DC

Harpy3ska cmecbio
remarirotuHOB (Sol, Wis, Mal), AyTonoruusbie
20 mxr/mi kaxaprit + 1O 1vr/mo, MOHOHYKJI€apHble
+ 100 /M6 18 4 KJIETKH

\ Maenumnas

y copmuposka
CoBMeCTHOE KyJIbTUBHPOBAHHE
Y . P <—| CD* T-xnetku
B cootHourenun 1:10 (5 cyr)

Yepes 72 u — ypoau UDH-y B cynepnaranrax
Yepes 120 1 — ouenka nponudepannu T-KIeToK

Puc. 11. Bausiane MOIMOKCHIOHHS HA CIOCOOHOCTH YEIOBEYCCKUX JICHIPUTHBIX
KJIETOK aKTHBHPOBATH aHTHTeH-crieiinpuaeckne CD4* T-kietku (cxema orbiTa)

4000
3500
3000
2500
2000
1500
1000
500
0

JITIC - - * - - *

1o - - - * - -
Cmech [A - - - - + +
aCD3 - + - - - - -

IFN-y, nr/ma

Harpyska DC
+ 4+ 1

Puc. 12. BiusiHie NOJMOKCHIOHHS HA TPEJCTABICHAE TEMATTIIOTHHIHHOB BUpyCa
IPHUIIa JCHAPUTHBIMU KJICTKAMH YeJIOBEKa ayTONIOTHYHBIM T-Xesmepam 1o mpo-
nykrwu IFN-y (penpe3eHTaTHBHBIH OTIBIT)
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GM-CSF + IL-4, 6 days

Loading with hemagglutinin mixture
(Sol, Wis, Mal) 20 mcg/ml each + PO, Autologous
1 mg/ml, + LPS, 100 ng/ml, 18 h mononuclear cells
Magnetic
y sorting

Coculture 1:10 (5 days) |<—| CD" T-cells

Supernatant IFN-y levels at 72 h
T-cell proliferation at 120 h

Fig. 11. PO effect on the ability of human dendritic cells to activate AG-specific
CD4+ T-cells (experiment diagram)
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IFN-y, pg/ml

LC loading
+ 4+

Fig. 12. PO effect on influenza virus hemagglutinin presentation by human dendrit-
ic cells to autologous T-helpers basing on INF-y production (representative exper-
iment)
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Puc. 13. BiusiHue TOJTHOKCHIOHNUS Ha MPE/CTABICHHE TeMarTIiOTHHHHOB BHPYCa
IPHIIIA ACHAPUTHBIMA KIICTKAMH YeJI0BEKa ayTOJIOTHYHBIM T-Xerepam Mo Ipou-
(bepaTuBHOM aKTHUBHOCTH (PETIPE3CHTATHBHBIH OITBIT)

4. Unoykyus cunmesa yumoKuHo8 MOHOHYKIeapamu nepugepuieckou Kposu
yenosexa. C TOMOIIBI0 UMMYHO(EPMEHTHOTO aHali3a OBUIO TPOBEICHO HCCIIEIO0-
BaHue BiIusAHMSA [10 Ha CHOHTaHHYIO ¥ CTUMYJIMPOBAHHYIO IPOAYKIMIO MOHOHYKJIE-
apaMu TepudeprudecKoil KpoBH 3T0POBBIX JOHOPOB IPOBOCIIATUTENBHBIX IINTOKH-
HoB IL-1f, TNF-q, IL-6, a Takxe IFN-a u IFN-y B omsrrax in vitro [15, 16].

Oxkazaiocs, uro [10 cTumynupyeT oOpazoBaHre MOHOHYKJIeapaMu repudepu-
geckoit kposu IL-1B (cm. ta6m. 6). B mo3e 100 MKT/MIT MPOAYKINS IUTOKHHA OBIITA
HOBBIILICHA B CpenHeM B 7 pa3. He ObUI JOCTUTHYT TOCTOBEPHBIH YPOBEHb 3HAYH-
MOCTH, MOCKOJIbKY BBISBHIINCH OOJBIINE Pa3OpOCHl B TPYIIIE MOCHIE CTHMYIISIUH
uMMyHoMoxay aTopoM. Koctumymupyromuid 3¢ ¢GekT mpu COBMECTHOM IIpUMEHe-
aun ¢ JITIC 6611 qocToBepHO TiposiBieH B qo3ax 10 u 100 Mxr/mi, T. €. 0OHApYKEHO
cuneprugroe neiicteue I10 ¢ 6akTepruanbHBIM MPEnapaToM.

Veunenne cunresa IL-6 B 1,2—3 pasa (p < 0,05) HabGmoqa10Cch MU BBEACHHN
ITO B no3e 100 MKr/MIT B Ky/BTYpPY HECTUMYITHPOBAHHBIX MOHOHYKJICAPHBIX KIICTOK
(ta6m. 8). Ipu coBmectHOM aeiicTBuu [10 u JITIC xoctumymnupyrorero s¢dexra
OOHapYXeHO He OBbLIO, MPOSBUIOCH JIUIIb HE3HAYUTEIBHOE CHIKCHHUE MTPOAYKIUH
IL-6, koTOpOoe MMEeNo HeOCTOBEPHBIN XapaKTep.
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Fig 13. PO effect on influenza virus hemagglutinin presentation by human dendritic
cells to autologous T-helpers basing on proliferative activity (representative exper-
iment)

4. Induction of cytokine synthesis by human blood MNC. We studied PO effect
on spontaneous and stimulated production of proinflammatory cytokines such as
IL-1B, TNFa, IL-6, IFNo and IFNy by peripheral blood MNC from healthy donors
by in vitro experiments [15, 16].

PO stimulated production of IL-1B by peripheral blood MNC (table 6). Ad-
dition of PO, 100 mcg/ml led to a 7-fold increase in the cytokine production. The
differences were not statistically significant due to broad group variability after co-
stimulation. The PO costimulating effect after joint use with LPS was statistically
significant at doses 10 and 100 mcg/ml, i.e. PO demonstrated synergism with the
bacterial agent.

Addition of PO at 100 mcg/ml to non-stimulated MNC culture resulted in a
1.2- to 3-fold enhancement of IL-6 synthesis (p<0.05) (table 8). PO with LPS failed
to show costimulation effects with only a slight, not significant decrease in IL-6
production.
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Tabnuna 8
CTUMYIUPYIOMAN ¥ KOCTUMYIUPYIONHi 3¢ (heKTs MOTHOKCHIOHNS Ha cuHTEe3 |L-
1B u IL-6 (mkr/mitr, M £ M) MOHOHYKJICAPHBIMH KIETKAMH

Imo o o o
Iutoxun 0 MKr/mur 1 mxr/moa 10 MKr/mur 100 mxr/ma
be3 JITIC be3 JIIC Bes - Bes i
JIIIC JITIIC JIIIC JITC

IL-1P 56+ | 143+ | 93+ 91+ | 175+ | 256+ | 387+ | 280

(n=4) 37 23 54 44 150 81* 270 96*
IL-6 131+ | 1124+ | 161+ |1083£| 190+ |1087 £ | 259+ | 1108 =

(n=7) 71 496 68 762 113 514 155* 398

*p < 0,05 no cpaBHeHHIO ¢ KOHTPONbHO# rpynmnoit (ITO 0 Mkr/mi).

JITIC 100 ur/ma — mist uaaykian 1L-6, JITIC 10 mkr/mn — s uaaykiun 1L-1.

[pu ananmmse npomyxuum TNF-o Opina mpocekeHa pa3Hiuia B CIOHTAHHOH TIPo-
JyKLMU 9TOTO IIMTOKMHA Pa3iIMYHBIMU JOHOpPaMH. B pesynbrare ObLIO BBIETICHO JBE
TPYIINBL ¢ MOHMKEHHBIM WK HopMarsHbM (0T 0 10 200 nkr/mir — | rpymma) u mmo-
BoieHHbIM (0T 200 mkr/Mit 1 Bbirie — || rpyTima) HCXOMHBIM YPOBHEM CEKPEIIHH ITH-
TokuHa. OKazanock, uro I10O nposBisieT ceds Kak HCTHHHBI IMMYHOMOTY/TAPYIOIINI
npenapar, CHUKasi HOBBIICHHYIO U TIOBBIIIAS OHIKCHHYIO CIIOHTAHHYIO IPOLYKIHIO
TNF-o. Tak, npu aefictern 110 Ha KynmsTypy MOHOHYKJICApHBIX KJICTOK | TpyTms! mpo-
HCXOIUT ycuiieHne cuaTe3a nuroknaa B 2—10 pas (p < 0,05, mo3a 100 mxr/mir) (tab. 9).
Hamporus, npu nosbimenHoM crioHTanHOM ypoBHe TNF-o y monopos Il rpymnmer [10
CHIDKAET BBIpaOOTKy 1uToKMHA B 1,2—2,7 pasa (p < 0,05, mo3a 10 mxr/mi). Ot™meTnM,
YTO MOHOHYKJIeaphl 2 13 11 00cie0BaHHbIX TOHOPOB TIPOSIBIIIN MPOTUBOIIOIOKHBIN
a¢dext Ha nevictue [10, HE COOTBETCTBYIONHI CBOUM TpyIIIaM. JTH JaHHBIE MOTYT
3aBHCETH OT YCIIOBHOCTH Pa3/IeIICHNs IOHOPOB Ha TPYIIIEI M HHAUBUTYaIbHBIX OCOOCH-
HOcTel oHOpoB. Kpome Toro, 1o IpeioNoKeHNI0, HHANBUIyaIbHAsT 1yBCTBUTEIb-
HOCTb HaXOIUTCS IO TEHETHYECKUM KOHTPOJIEM.

Tabauma 9
Jeiicteue nonuokcuaonus Ha cuHre3 TNF-o (mkr/mit, M £ M) HeMHIYIUPOBAHHBI-
MU MOHOHYKJIeapamu JOHOpoB ¢ cpennuM (I rpynna) u nossimenHbM (11 rpymma)
UCXOJHBIMU YPOBHSMH ITPOJYKLIUH [IUTOKNHA

TNF-a o o o o
0 MKr/mu 1 Mxr/ma 10 MKr/mu 100 mxr/ma
| rpynma (n = 5) 87 + 36 324+ 179 356 + 304 388 + 240*
Il rpynima (n=4) | 525+ 144 341 + 98 425 + 104* 465 + 187

*p < 0,05 no cpaBHeHHIO ¢ KOHTPOIbHO# rpynmnoit (ITO 0 mMkr/mi).
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Table 8
PO stimulating and costimulating effects on IL-1f and IL-6 synthesis (pcg/ml,
mean + SD) by mononuclear cells

PO
. PO 0 mcg/ml | PO 1 mcg/ml | PO 10 mcg/ml 100 meg/ml
Cytokine No No No No
ps | "P5 | ips | M3 | ips | PS5 | ips | MPS

IL-1p 56+ | 143+ | 93+ | 91+ | 175+ | 256+ | 387+ | 280 =
(n=4) 37 23 54 44 150 81* 270 96*
IL-6 131+ (1124 +| 161+ | 1083+ | 190+ | 1087 +| 259+ | 1108 +
(n=7) 71 496 68 762 113 514 | 155* | 398
*p < 0,05 compared to control group (PO 0 mcg/ml).

LPS 100 ng/ml for IL-6 induction, LPS 10 mcg/ml for IL-1f induction.

Analysis of TNFo production discovered inter-donor variability in sponta-
neous production of this cytokine. The donors were divided into two groups with
decreased or normal (0 to 200 pcg/ml, Group 1), and increased (200 pcg/ml and
higher, Group 2) baseline levels of cytokine secretion. PO behaved as a true immu-
nomodulator by decreasing the increased or increasing the decreased spontaneous
production of TNFa. Exposure of MNC culture from Group 1 to PO resulted in a
2-to 10-fold (p <0.05 at 100 mcg/ml) increase in the cytokine synthesis (table 9).
And on the opposite, PO decreased by 1.2- to 2.7-fold (p <0.05 at 10 mcg/ml) the
cytokine production in Group 2 with increased baseline TNFa levels. Note, that
MNC from 2 of the 11 donors studied demonstrated a contrary response to PO not
complying with their groups. These findings might be explained by conditional
character of donor division into experimental groups and individual variability
in the donors’ characteristics, while individual sensitivity was presumed to be
genetically controlled.

Table 9
PO effect on TNF-a synthesis (pcg/ml, mean = SD) by donors’ non-induced
mononuclears with baseline medium (Group 1) and increased (Group 2) cytokine
production intensity

TNF-a PO PO PO PO

0 mcg/ml 1 mcg/ml 10 mcg/ml 100 mcg/ml
Group 1 (n=5) |87 +36 324 £179 356 + 304 388 + 240*
Group 2 (n =4) |525 + 144 341+ 98 425 + 104* 465 + 187

*p < 0,05 compared to control group (PO 0 mcg/ml).
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BaxHble TaHHBIC MTOTYYESHBI IPU COBMECTHON CTUMYIISLMN MOHOHYKJICAPHBIX
kietok I1O u akruBaropamu (ta6m. 10). IIpr OXHOBpEMEHHOM HHIYIHPOBAHUH
KIeToK puroremarmmoTuHUHOM ¢ [10 Habmromanocs noseimenwne cuate3a TNF-o,
0COOEHHO YeTKO B MakcHMansHOM o3¢ (p < 0,05). 3BecTHO, uTO (hUTOreMarmio-
THHUH CIIY)KHT CTHMYISTOPOM JIMM(OLUTOB, KOTOPBIC TAKXKe MOTYT MPOLYLHPO-
BaTh | NF-a. [Tockompky 11O akTHBHpYeT MPEHMMYIIECTBEHHO MOHOIUTHI, TO 3TH
CTHUMYITBI MOTYT CKJIQJIbIBaThCS B OOIINI 3¢ peKT a0 37eCh MOXKET OBITh 3aaei-
CTBOBaH KacKaJHbIH MexaHu3M: [1O akTHBHpYeT MOHOLMTHI, KOTOpBIE MEPEeaaioT
CHT'HAJI aKTUBALMHK JTUM(OLIUTAM, B Pe3yJIbTaTe Yero IMOBbIIIAeTCsl 001Ias MPOLyK-
U TIpoBOCTIANUTENbHOTO IuToKMHA. [Ipn coBmectnoi naaykimu JIIIC u I10O or-
MEUCHO CHIKCHUE CTUMYITHpOBaHHOM mpomxykiuu TNF-o B 1,2—1,6 pasa (p < 0,05).

Ta6auua 10
Koctumymnupyrommuii sddexr monmnokcnmaonust Ha curre3 TNF-a (mkr/mi, M £ m),
HHAYIUPOBaHHBINA (uToreMarniioTiHIHOM (5 MKr/MiI) M JIMIONONHCaxapuiaMu

(100 wur/m)
Hnayxrop o no o no
0 MKr/mur 1 mxr/mu 10 MKr/mu 100 mxr/ma
®T'A (n=5) 926 + 422 898 + 271 936 + 348 1424 + 637*
JITIC (n =5) 725+ 174 647 + 216* 597 + 197* 572 + 146*

*p < 0,05 no cpaBHeHHIO ¢ KOHTPOIbHO# rpymmoit (ITO 0 mkr/mi).

5. Monexynapusie mexanuzmol oeticmaus I10. C TOMOIIBIO 3JTEKTPOHHONU MH-
KPOCKOIIMH C Hcroib30oBaHueM [10, MEYEeHHOTro KOJUTOMAHBIM 30JI0TOM, YCTaHOB-
JICHO, YTO OCJIe NMPUWINIIAHKS K IOBepXHOCTH KieTku [10 nmpoHuKaeT B ee SHIO-
comanbHbIH KoMmaptMenT (puc. 14, 15). DTo IpOHUKHOBEHHE HE COTPOBOKIACTCSI
MOBBIIICHUEM KOHICHTPALMK BHYTPHUKIETOYHOro Kanblmsa. Ho B Helfrpodunax,
MOHOLUTAX M JUMQOLHTaX HAOIIONACTCS JOCTOBEPHOE IOBBIICHUE MUKPOMO-
JSIPHBIX KOHIEGHTPALMI BHYTPUKIETOYHOH MEPEeKUCH BOIOPOa, MpUYeM Hanboiee
cubHOE B HelTpodmitax (puc. 16, 17) [17]. Tlepekucs Bogopoma — CHIBHBIN BHY-
TPHUKJICTOYHBIA MECCEHIPKED, MHTHOMpYTomuii hocdarassl n akruBupyromuiit JAK-
KHuHa3bI, TpoTenHknHa3y C u Tpanckpuniuonusii hakrop NF-xB. lelicTBuTensHO,
C MOMOIITBIO0 TIPOTOYHOM uToMeTpuH (puc. 18) 65110 mokazano, uto I10 BeI3BIBACT
aktuBanuio ¢akropa NF-kB u TpancIoKaIuro ero B sipo KIETKH.

Taxwmm 06pa3zoM, Ha OCHOBAaHHUH STHX JAHHBIX MOXHO CUHTATh, 4TO dpdext I10,
10 KpaliHE Mepe B OTHOLIEHUH ITPOBOCIIAJIUTENBHBIX IMTOKUHOB, CBS3aH C IPSIMOI
i onocpenoBannoi uepe3 PKC crumyssiiueit TpanckpumnunonHoro gaxropa NF-
kB (puc. 19), BKIFOYAIOIIET0 TPAHCKPHIIIIHIO HECKOIBKHUX COT TEHOB BOCHAJICHUS U
nmMyHHOTO oTBeta [10, 15, 17, 18].
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Important findings were obtained after costimulation of MNC with PO and ac-
tivators (table 10). Simultaneous cell induction with phytohemagglutinin and PO
led to increased synthesis of TNFa, more markedly at maximum dose (p<0.05).
Phytohemagglutinin is a well known lymphocytes stimulator that also can produce
TNFo. Since PO mainly activates monocytes, then these stimuli may contribute to
a common effect or a cascade mechanism may take place, i.e. PO activates mono-
cytes that transfer the activation signal to lymphocytes resulting in increased total
production of the proinflammatory cytokine. The LPS and PO coinduction results in
a 1.2- to 1.6-fold decrease in stimulated production of TNFa (p<0.05).

Table 10
PO costimulating effect on TNF-o synthesis (pcg/ml, mean + SD) induced by PHA
(5 meg/ml) and LPS (100 ng/ml)

Inducer PO PO PO PO

0 mcg/ml 1 mcg/ml 10 mecg/ml 100 mcg/ml
PHA (n =5) 926 + 422 898 + 271 936 + 348 1424 + 637*
LPS (n=5) 725+ 174 647 + 216* 597 + 197* 572 + 146*

*p < 0,05 compared to control group (PO 0 mcg/ml).

5. Molecular mechanisms of PO activity. Electronic microscopy using colloid
gold-labeled PO demonstrated that after adhesion to cell surface PO penetrated into
the cell endosomal compartment (figs. 14, 15). This penetration was not associated
with increase in intracellular calcium levels. However, neutrophils, monocytes and
lymphocytes showed a significant increase in hydrogen peroxide micromolecular
concentrations which were most marked in neutrophils (figs. 16, 17) [17]. Hydrogen
peroxide is a strong intracellular messenger that inhibits phosphatases and activates
JAK-kinases, proteinkinase C and transcription factor NF-«xB. Indeed, as shown by
flow cytometry (fig. 18), PO induced NF-«B activation and translocation into the
cell nucleus.

These findings suggest therefore that PO effect at least on proinflammatory cy-
tokines was due to direct or PKC-mediated stimulation of NF-xB (fig. 19), involv-
ing transcription of several hundred inflammatory and immune response genes [10,
15, 17, 18].
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Puc. 14. Besuxynsr ¢ Au-
1O B mMonOMHTE. MUKpO-
¢ororpadum  3MEKTPOH-
HO-MHUKPOCKOTTUYECKOTO
uccnenosanus. (4) Da-
TOIIUT C JIByMsSI BE3HKY-
JIaMH, COZICPXKAIIMMH MO-
nrokcuonuid (200 mkr/
M), MEYEHHBIH KOJIIO-
uaaeiM 30motoM. (B, C)
VYBenuueHHas MHKpPOQO-
Torpauss MOHOIIMTA: CO-
OTBETCTBEHHO 1-1 W 2-5
BE3UKYJIbI C 30JI0TOM, OT-
MEUEHHBIE CTPENIKAMH

EEEN 06 ¢
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Fig. 14. Au-PO containing
vesicules in a monocyte.
Electronic microscop-
ic images. (4) A colloid
gold-labeled  phagocyte
with two PO-containing
vesicules (200 mcg/ml).
(B, C) Monocyte enlarged
photos: vesicles 1 and 2
with gold arrowed

EBEHN D4
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Puc. 15. (4) 3axBar kom-
TUTEKCOB KOJUTOMIHOTO 30-
JI0Ta C TIOJHOKCHIOHHEM
(200 mKkr/mi) darorrom
nepuepuIeckoil  KpOBH.
(B) VBemuucHue HEUTpO-
¢una (crpenmkoii mokasa-
HBI YaCTHITBI KOJUIOHTHO-
IO 30J10Ta)

2 10 458y
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A Fig. 15. (A) Peripheral

blood phagocyte captures
colloid gold -PO (200
mcg/ml) complexes —
Au-PO. (B) Neutrophil
enlarged photo: colloid
gold particles arrowed
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* p < 0,05 o cpaBHeHuto ¢ KoHTposeM (6e3 I10).

Puc. 16. Biustane mommokenmonust (100, 250 u 500 Mkr/mut) Ha ypoBEHb CHHTE-
33 BHYTPUKJIETOYHON MEPEKHCH BOAOPOJA, OLEHUBAEMOIO MO ()IHOOPECIEHIIMN
nuxnopoayopectent quarerara (JIXD) (GeoMean) (h = 15)
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Puc. 17. [{urodmyoporpamma JIXD-tecta. Biusane momokcunorms (500 Mxr/mir)
Ha yPOBEHb BHYTPUKIICTOYHOH TIEPEKUCH BOIOPOAA B HelTpodmiax nepudepmde-
CKoii KpoBH 710HOpOoB. PMA B 1103¢ 100 Hr/™mi
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Fig. 16. PO (100, 250 and 500 mcg/ml) effect on synthesis of intracellular hydrogen
peroxide as assessed by DCF fluorescence (GeoMean) (n = 15).

PMA
Polyoxidonium
Control
(= ) 7 y
& 10’ 10* 10*

10 10%
FL1-H

32

Everts

Fig. 17. DCF test cytofluorogram. PO (500 mcg/ml) effect on intracellular H,O,
levels in donors; peripheral blood neutrophils. PMA at 100 ng/ml
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Pucynox 1511pa MHK, Snpa MHK,
crumysupoBanHbix JITIC 30 muH, anti-NFkB Ab crumyanpoBannbix 110 30 muH, anti-NFkB Ab
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Snpa MHK, Snpa MHK,
crumyimpoBanHbix JITIC 60 mun, anti-NFkBAb crumymupoanHbix [10 60 muH, anti-NFkB Ab
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IIpouent coneprxanus sueproro NF-kB B MOHOLMTaX KPOBH JOHOPOB

1S5mMun 30 mur 60 Mun

14 % 29 % 53%

CroHT.
JITIC 80 % 52 % 92 %

o 24 % 91 % 48 %

Puc. 18. AxtuBanus TpaHckpunoHHoro ¢pakropa NF-kB monmmokcunonnem (KoH-

TPOJTb — JIUIIOTIOTCAXAPHUIBI)
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LPS-stimulated MNC nuclei 30 min, anti-NFkB Ab

PO-stimulated MNC nuclei 30 min, anti-NFkB Ab
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FL2-NFkB+PE-lab Ab

LPS-stimulated MNC nuclei 60 min, anti-NFkB Ab
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PO-stimulated MNC nuclei 60 min, anti-NFkB Ab
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Nuclear NF-«B content (%) indonors’ bloodmonocytes

15 min 30 min 60 min
Spont. 14 % 29 % 53%
LPS 80 % 52% 92 %
PO 24 % 91 % 48 %

Fig. 18. PO activates transcription factor NF-xB (control with LPS)
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Puc. 19. Mozeinb akTuBaIiy KJIETKH-MHUIIEHH TOJTUOKCHIOHUEM

Bwmecre ¢ aTuM HE0OXOMMMO OTMETHUTH, uTO 11O He obmamaer crrocoOHOCTHIO
MHIYLHMPOBATh WM yCUIMBATh 0Opa3oBaHME aKTHBHBIX (OPM KHCIOpOIa, peru-
CTPHPYEMBIX C MOMOIIBIO KaK JIOMHHOJI3aBUCUMOM, TaK M JIIOLMI€HHH3aBUCHMOM
XEMUJTIOMUHECIICHIIMN  (TIEPBBIA B XCMHJIIOMUHECHCHINH HICHTUQUIUPYET
CYTIEPOKCHIHBIN pauKai, BTOPOH — IMepeKuch Bomopoma). HampoTtus, Bo Bcex
UCCIIeIOBaHHBIX KOHIEHTpanusax [10 pe3ko momapisi CIIOHTaHHOE 0Opa3oBaHUE
aKTHUBHBIX (GopM Kuciopona (tabm. 11). Menee 3 pekTHBHO OH HHTHOMPOBa 00-
pa3oBaHME AaKTHBHBIX (OPM KHCIOPOAQA, MHIYLHPOBAHHBIX OICOHM3HPOBAHHBIM
3umo3anoM. OHAKO TIpH GONBITNX KOHTIEHTparmsx mpemnapara (500 mxr/mi) mpo-
HCXOIMIIO 3HAYMMOE TIOJaBJIeHHE 00pa30BaHMs KaK CYIIePOKCHIHOTO PaJIuKaja, TaK
u niepekucu Bomopoza [10].

TaobOnuma 11
BiusiHie MOJIMOKCHIOHHUS Ha XeMIITIOMUAHecHeHnnio (XJI)
XJI B npucyrcreuu 11O
X1, MB/vux 0 | 100 mxer/ma | 250 mier/mar | 500 mxcr/ma
JIroMuHOI3aBHCUMAs

CrioHTaHHas 18,3+59 | 2,4+0,6* 1,9 +0,6* 15+0,6*

Wupynuposannas | 340,7 +£81 | 304,2+52 | 2450 + 62 104,7 + 68*
JlronuruaNH3aBHCUMAsT

CrioHTaHHas 16,0+ 3,0 H. 1. 16+1,2* 05+0,17*

Wupyuuposannas | 53,6 £ 19,9 H. [I. 48,5+ 16 25,7 + 14,3*

* p < 0,05 no cpaBHeHHIO ¢ XeMUITIOMUHECHIeHIneH B oTcyTcTBre T10.
H. I. — HE JIeIalIN.
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Polyoxidonium
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Fig. 19. Model for PO target cell activation

However, PO failed to induce or enhance production of oxygen active forms as
detected by luminol- and lucigen-dependent chemoluminescence (the former identi-
fying superoxide radicals, the latter identifying hydrogen peroxide). On the contrary,
PO at all concentrations studied inhibited dramatically spontaneous production of
oxygen active forms (table 11). PO inhibition of opsonized zimozan-induced oxy-
gen active forms was less effective. However, PO at high concentrations (500 mcg/
ml) demonstrated significant suppression of production of both superoxide radicals
and hydrogen peroxide [10].

Table 11
PO effect on chemiluminescence (CL).Significance of differences
CL in the presence of PO
0 | 100 mcg/ml | 250 mcg/ml | 500 mcg/m
Luminol-dependent

CL, mV/min

Spontaneous 18.3+5.9 2.4 +0.6* 1.9 +0.6* 1.5+0.6*
Induced 340.7 £ 81 304.2 £ 52 245.0 £ 62 104.7 + 68*
Lucigenin-dependent
Spontaneous 16.0 + 3.0 ND 16+1.2* 0.5+0.17*
Induced 53.6 £19.9 ND 48.5 + 16 25.7 + 14.3*
* p <0.05 vs. Chemiluminescence without PO.
ND — not done.
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B nmomonmHeHne K 3TOMY MOJYYEeHBI SKCIICPUMEHTAIBHbBIC JaHHBIE 00 yMepeH-
HoM crocobHOCcTH [1O K mepexBary BOJHBIX PagUKaloB U TUAPO(OOHBIX paanka-
noB. Bmecte ¢ atum mokasano, gto [1O B3amMomeicTBYeT ¢ KaTaTUTHYCCKU aK-
TUBHBIMH HOHAMH JIByXBaJICHTHOTO ene3a, rae 10 mpossiser cBoiicTBa xemaropa
Fe** u oxucnurens Fe** B Fe®*. U3BeCTHO, 4TO €CiIM B LIUTOILIA3ME KJIETOK BO3HH-
KaroT YCITOBHSI [UTSl XCTaTHPOBAHUS W/MITH OKWCIICHUS KaTATUTHICCKA aKTHBHOTO
yJia HOHOB JIBYXBaJEHTHOTO *kene3a (Fe?") B kaTaTuTHYCCKH HEAKTHBHOE COCTOSI-
HYE HOHOB Fe®, 4To MPUBOMUT K CHIDKEHHIO IEHCTBYFOMICH KOHIICHTPAIIHH THAPOK-
CHJIBHBIX PATUKAJIOB, TO CO3MAIOTCS YCIOBUS UISA JTOCTHKCHHS MHUKPOMOJISIPHBIX
KOHIICHTpAIMHA aKTHBHBIX (OPM KHCIOpOJa B IUTOIIIa3ME KJIETOK W aKTHBAIIMU
CBOOOIHOPATMKAIFHOTO MEXaHU3Ma CHHTETHYECKHX TPOIECCOB.

IIpr BO3HWKHOBEHWH W Pa3BUTHH Psda BOCIAJIHUTEIBHBIX 3a00JeBaHWI Ha-
OmrormaeTcs aKTUBAIMA TCHEPATN30BaHHBIX CBOOOTHOPAIMKAIBHBIX peaknuii. ITo
00yCITOBIEHO ByMsI OCHOBHBIMH TIPHYMHAMH: YBEIWYCHUEM YPOBHSA TPOTYKIINU
MEPBUYHBIX M BTOPHUYHBIX PAJWKAJIOB-MHUIIMATOPOB W yYaCTHHUKOB CBOOOIHOpA-
JIMKATBHBIX peakKiinii (CTamuss HHATIMAIINH) U TIOSBICHHEM KaTaln3aTopoB CBOOOI-
HOPAJNKAJIBbHBIX PEAKIHii, B OCHOBHOM MOHOB Fe*" (cTajust pa3BeTBICHUS LTIt
okucienust). OTCroa CIIeAyeT, YTO0 HHTHOMPOBaHUE CBOOOIHOPAINKAIBHEIX peaK-
I MOYKET OCYIIECTBIATHCS KaK 3a CUET IepexBara PaauKaioB, TaK M 3a CUET dIIU-
MUHAIAK KaTaTUTHICCKN aKTHBHBIX HOHOB Fe?*. TTocneanee 0COOEHHO BaXKHO TIPH
MATOJIOTHSIX, JUIsl KOTOPBIX XapaKTePHO HapyIICHHE IeTOCTHOCTH KPOBEHOCHBIX CO-
CYZIOB M BBUTMBaHHE KPOBU B TKaHb. PAHBI, HHCYJBTHI, )KEITYJOYHbIC KPOBOTCUCHHS,
remodransMel 1 T.. 110, 00magas CBOWCTBOM XeNaTHPOBaHHUs Fe?* u OKuCICHUsI
Fe?" B Fe® GymeT HHrHOMPOBATH KaTaan3 CBOOOMHOPAJINKAIBHBIX PEaKIHi U TeM
CaMBIM TOPMO3HUTE CBOOOIHOPAIMKATBHOE OKHCIeHue [19].

3akaioueHue

ITokazano, urto I10:

— C COXpaHCHHWEM HATWBHOW CTPYKTYpHl Al' i aHTUTEHHON CrerM(pUIHOCTH
OCYIIECTBIISIET MPOYHOE CBsi3bIBaHME ¢ Al' pasnuuHoi puponsl, obecrre-
ynBas Gpu3ndecKyro npezeHTanuio Al' aHTUTeHIPEICTaBISAIOMNX KIETOK,

— YCWJIMBAeT aHTUTEIBHBII OTBET Ha cradbie Al 1 obecreunBaeT BIpaskeH-
HbIIl MYMMYHHBIH OTBET Ha CHM)KEHHBIE 1103bl Al;

— yIy4IIaeT CTPYKTypy MIMMYHHOTO OTBETa MPU NUMMYHOAC(PUIIUTAX Pa3INI-
HOM THOJIOTHH,

— TIPOSIBIIAET aHTHOKCHIAHTHBIE CBOWCTBA, 00Iazasi CBOMCTBOM XeNIaTHPOBAHMS
Fe?* u oxucrenns Fe?* B Fe3*, 3a cder yero cmocoGeH TOpMO3HTh CBOOOIHOpa-
JWKaJIbHOE OKUCIICHUE, CO3/1aBasi yCIIOBHS JUIS JOCTHKEHHUSI MUKPOMOJISIPHBIX
KOHLICHTPAIMI aKTUBHBIX (DOpPM KHCIOPO/A B IUTOILIA3ME KJIETOK U aKTHBa-
LM CBOOOTHOPAANKAIEHOTO MEXaHI3Ma CHHTETHUECKUX MPOIIECCOB,;
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In addition, we have experimental data showing PO moderate ability to inter-
cept water radicals or hydrophobic radicals. It has also been shown that PO interacts
with catalytically active ions of bivalent iron, where PO demonstrates properties
of Fe?* chelator and Fe?" oxidizer into Fe*. As known, if there are conditions for
chelation and/or oxidation of catalytically active pools of bivalent iron (Fe?*) into
catalytically inactive ions Fe®* which in turn leads to decrease in hydroxyl radical
concentration in cell cytoplasms, then micromolecular concentrations of oxygen ac-
tive forms may be seen in cell cytoplasm with activation of free radical mechanism
of synthesis.

Development of some inflammatory diseases is associated with activation of
generalized free radical reactions. The following two reasons account for this, i.e.
increased production of primary and secondary initiator radicals and participants
of free radical reactions (initiation stage) and appearance of catalysators of free
radical reactions, mainly Fe?* ions (oxidation chain branching stage). It follows then
that inhibition of free radical reactions may occur due to both radical interception
and elimination of catalytically active ions Fe?*. The latter is of most importance in
diseases characterized by blood vessel disintegration and blood leakage into tissues,
such as wounds, strokes, gastric bleeding, hemophthalms etc. PO able to chelate
Fe?" and oxidize Fe?* into Fe* can inhibit catalysis of free radical reactions and thus
slow down free radical oxidation [19].

Conclusion

PO is shown:

- to bind strongly to various AGs thus providing physical AG presentation
by AFC with the AG native structure and specificity preserved,;

- to enhance AB response to weak AGs and to ensure marked immune re-
sponse to AG decreased doses;

- to improve immune response structure in cases with immune deficiency of
various origin;

- to possess antioxidant properties by chelating Fe?* and oxidizing Fe? into
Fe®, and thus to inhibit free radical oxidation and to make conditions for
micromolecular concentrations of oxygen active forms in cell cytoplasm
and activation of free radical synthesis mechanisms;

VimmynonorusA_remonoasa.indd 89 @ 03.12.2015 17:48:21



90 HMMYHOJIOTHA T'EMOIIO234

— SBISETCS CTAaOMIBHBIM HETOKCHYHBIM BOJOPACTBOPUMBIM COCINHEHHEM; B
OpraHu3Me MOABEPracTCst ASCTPYKINH; BBIBOIAUTCS MTOYKAMH.

AnbroBaHTHas akTUBHOCTH 10 ocymiecTBisieTcs 3a CYET MHOKECTBEHHOTO

JeHCTBUS Ha KIICTKU KaK BPOXKACHHOTO, TaK M IPHOOPETEHHOro MMMYHHUTETA U IPO-
SBJIACTCS HA PA3INYHBIX 9TallaX IMMYHHOTO OTBETa:

— xietkamu-MunieHsmu st 11O B yeinoBumsix in Vitro ciykar (GpakTopsr paH-
HEW 3ammThl opranu3Ma oT HHOEKIHH ((HakTopbl eCTECTBEHHOH pe3u-
CTEHTHOCTH) — MOHOUHUTBI/Makpodarn, HenTpop sl 1 NK-kiieTky;

— aKTUBALMA KHUCIOPOIHE3aBUCHMBIX MEXaHM3MOB OaKTEPHIMJHOCTH HEii-
Tpo(hHIIoB,;

— aKTHBAIWs CICHH(HICCKUX aHTHTCHIPEACTABILIIOIINX KICTOK (Makpoda-
rOB, MOHOLIUTOB, ACHAPUTHBIX KIICTOK) M BBIPAOOTKH MMH 3HAYUMBIX [[HTO-
KHHOB, YCHJIGHHE SKCIIPECCHH KOCTUMY/IHPYIOMIUX PELENTOPOB,;

— YCHWICHHE MCXOIHO MOHIKEHHOW muToTokcmyHoctH NK-kietok, Boccra-
HOBJICHHE [TUTOTOKCHYECKNX CBOHCTB HEHTPO(MIIOB paKOBBIX OOJIBHBIX;

— yBemmueane AOK B IMMyHOKOMIIETEHHBIX OpTraHax;

— ycuJIeHHEe BbIpaOoTKH HelTpanusyrommx 1gG.

Cgoiictsa I10O kak ajprOBaHTa, H3yUCHHBIC HA Pa3IMYHBIX MOJIEISIX iN VIVO u in

Vitro, peann3oBaHbl B psiie BaKIMHHBIX MMPEMAPATOB, KaK BHEIPCHHBIX B KIIMHHYC-
CKYIO ITPAKTHKY, TaK X HAXOIAIIMXCS HA Pa3HBIX dTarax pa3paboTKH U HCCIIEIOBAHMS.
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- to be a stable, non toxic water-soluble compound; to undergo destruction
in the body; to be excreted by kidneys.

PO adjuvant activity is due to multiple actions on cells of both innate and ac-

quired immunity and is observed at different stages of immune response:

- PO in vitro target cells include factors of body’s early anti-infection de-
fense (natural resistance factors) such as monocytes/macrophages, neutro-
phils and NK-cells;

- activation of neutrophil oxygen-independent bactericidal mechanisms;

- activation of specific antigen-presenting cells (macrophages, monocytes,
dendritic cells) and their production of important cytokines, enhancement
of expression of costimulating receptors;

- enhancement of baseline decreased cytotoxicity of NK-cells, recovery of
neutrophil cytotoxicity in cancer patients;

- increase in levels of antibody forming cells in immunocompetent organs;

- enhancement of neutralizing 1gG production.

Polyoxidonum adjuvant properties have been studied in multiple in vivo and in

vitro models and implemented in several vaccinal products that are already used in
the clinical practice or are at various stages of development.
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H.A. Kosnos

NMMYHOMOP®OJIIOI'NMYECKASA XAPAKTEPUCTHUKA JIEHEBHOI'O
MMATOMOP®O3A PAKA MOJIOYHOM KEJE3bI IIOCJIE
NMMYHOTEPAIIMU NTOJIMOKCUJOHUEM

Omoen namomopgponocuu @I'BY «POHI] umenu H.H. Broxuna» Munzopaea Poccuu
Beenenue

Panee Hamu OBLTO OMTHUCAHO KIMHUYECKOE HAOMIOICHNE ITOJTHOTO JIEYeOHOTO Ta-
ToMOp(}03a HHBA3UBHOTO paKa MOJIOYHOM kKeJie3bl y 00JIbHON 32 JeT, oyYrBIIeh
7-nHEBHBIHN Kypc uMMmyHoTeparnmu 110 ¢ mocienyromieii oneparuei B o0beme paau-
KanmpHOU MacTakToMu [1]. Ilpr MamMMorpaduueckoM HCCIeIOBaHUN B HIKHE-Ha-
PY’KHOM KBaJ[paHTE JIEBOM MOJIOYHOM jkee3bl Oblila 0O0HapyKeHa 30Ha YIUIOTHEHUS
pasmepom 3 X 3,4 cm. IIpu Kop-Ouornicuu ObUT BBISIBICH HHBA3WBHBINA PaK HECIICIIH-
¢mueckoro tuma G2 (puc. 1). Ha mepudepun 1 B IEHTPaIbHBIX OTACIAX OMYXOJIH
OTMEUAIIHCh PEKHE PAcCesHHBIC TUM(OUIHBIC KICTKH, THCTOJIOTHIECKIE PH3HA-
KW XPOHHYECKOTO BOCIIAJICHHUS, B TOM YHCIIE TPAHYJIEMaTO3HOTO, OTCYTCTBOBAIH.

VIMMYHOTHCTOXUMHYECKOE HCCICOBAHHE PEIENTOPHOTO CTaTyca OITyXOJdH
BBISIBIJIO OTCYTCTBHUE SKCIIPECCHH B €€ KIETKaX PEIeNTOPOB ACTPOTCHOB, PEIICNTO-
POB IporecrepoHa u MeMOpanHoi skcrpeccun Her2/neu; uanexe Ki-67 cocrasuin
75 %, 9TO COOTBETCTBOBAJIO TPOITHOMY HETaTHBHOMY PaKy.

B mpenonepannoHHOM miepHrone Ha MPOTSHKEHUH [ CYyTOK OONbHAs TOIydaia
I10O. Tlocne mpemonepaliOHHON UMMYHOTEPANUK Ha CIEAYIOMNN ICHb OOIBHOI
OBLTa BBIMIOJTHEHA IJIAHOBAS paguKaibHas MacTakroMus. [Ipu mcciaenoBanuu ore-
PAIMOHHOTO MaTepHasia yIaJICHHOW MOJOYHOM JKesie3bl B MPOCKIMH HIDKHE-Ha-
PYKHOTO KBaJpaHTa, COOTBETCTBYIONIETO JIOXKY OITyXOJd, ObUTa OOHapykeHa
HEOJHOPO/HAsI 30HA YIUIOTHEHHsI pa3MepoM 6 X 55 x 5 cm, 0e3 4eTKux rpaHwii,
MIPEACTaBICHHAS YePEAYIOINMHUCS yJ4aCTKaMU CEPOBATO-KEITOr0 M TEMHO-Kpac-
HOTO IIBETA, C OTJACIBHBIMHU IPSONBIMHA U 3aIaJarolliMH Ha TIOBEPXHOCTH CPE30B
ydacTkamu. Ha ocTaapHOM MPOTSHKEHUH TKaHb MOJIOYHOH JKeNe3bl Oblia MPecTaB-
JIeHa MaKpOCKOITMYECKH HEM3MEHEHHBIMH KPYITHBIMH KHPOBBIMH TOJTBKAMH, pa3-
JICIICHHBIMH YTONIICHHBIMH MPOCTIOHKamMu Oenecoil cTpomsl. Jloxke omyxonu ObLTIo
B3SITO HA MCCIIEOBAHHE MOTHOCTHIO.

[Ipr MUKPOCKOTTHYIECKOM MCCIICTOBAHNH TIPEIapaToB ONEPAI[IOHHOTO MaTepH-
aja yJIaJeHHON MOJOYHOM >KeJIe3bl NPU3HAKY HAJIMYMS PE3UyaIbHOM OIyXOiH B
ee TkaHu U 18 pernoHapHbIxX TuMdoy3iax oOHapyKeHbl He ObUTH. J{OTOTHUTETLHO
Cpe3BI JIOXKa OMYXOJH OBIITM OKPAIIICHBI aHTUTETIAMH K MTAaHIIUTOKEPATHHY, SKCIIpec-
CHSI KOTOPOTO OBUTa OTpaHWYCHA KIETKAMHU IPEACYIISCTBYIOMNX MPOTOKOB U JO-
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nek. [lo pesysnbraTaM BBISBICHHBIX M3MEHEHUH B TKAHH MOJIOYHOM jKeJie3bl OBLIO
CETaHO 3aKIIOYCHUE O HATMYWH TTOJTHOTO JIeueOHOTo maroMopgo3sa.

B HacrosieM uccaenoBaHUU MBI JaeM MOP(OIOTHYECKYI0 H UMMYHOTUCTOX Y-
MHYECKYI0 XapaKTepPUCTHKY KJIETOYHOIO COCTaBa BOCHAIHMTEIBHOTO MHHIBTpaTa
B OITyXOJICBOM JIO’KE PaKa MOJIOYHOH XKeJIe3bl C MOJIHBIM JICYEOHBIM ITaTOMOP(O30M
nocne nmmyHoteparun [10.

MaTepl/laJ'lbl U METOAbI

Jnst cpaBHHUTEIBHOTO T'MCTOJIOTMYECKOTO HMCCIIEA0BAHNS HaMH OBUIHM 0TOOpa-
HBI THCTOJIOTUYECKHE MTpenapaThl KOp-OHOIICHH 1 ONlepallioHHOT0 MaTepraia. Bee
cpesbl ¢ napa(uHOBBIX OJIOKOB OKPALIMBAINCH TEMATOKCHIIMHOM M D03WHOM IS
NPOBEJCHNUS PYTUHHOTO T'MCTOJIOTHYECKOTro MccienoBanus. [lapaduHoBbie 61oku
OIIepPaLIOHHOTO MaTeprasia ObUTH OTOOPaHBI VIS TPOBEACHNS HIMMYHOIHCTOXUMH-
YEeCKOTO MCCIIEIOBAHHS.

VIMMYyHOTHCTOXMMHYECKOE HCCIICIOBAHUE BBITIONHIOCH HA CEPUIHBIX Jera-
padMHU3UPOBAHHBIX Cpe3aX OITYyXOJIEBOI TKaHW C IMOMOIIBI0O OHOTHH-CTPENTaBH-
JMHOBOTO MMMYHOIIEpOKCHIa3HOro Merona. Cpesbl TONMUHOW 3—5 MKM aenapa-
(MHU3HPOBAIN M PETHAPATHPOBAIN 10 CTAHAAPTHOW cxeme. [ AeMacKHPOBKH
AQHTUTCHOB TPOBOAMIN TPEABAPUTEIBHYI0 00paboTKy aemapaduHH3HPOBAHHBIX
cpe3oB B BojsiHO# Oane nipu 95°C B Teyenue 40 MUH C UCIIOJIB30BAHUEM IIMTPAT-
Horo Oydepa pH 6,0 (Dako). Cpe3st HHKYOHPOBAITH ¢ TIEPBUYHBIMU AHTHTECIAMH B
TeyeHHe 1 94 mpu KOMHATHOH TemIieparype. B kauecTBe BTOPHYHBIX aHTUTEIN U TIe-
POKCH/IA3HOTO KOMILJIEKCA UCTIONBh30BAM CTaHIapTHBIM Habop peareHToB LSAB +
Kit wm cucremy mereximm Super Sensitive™ Polymer-HRP («BioGenex»). s
BU3yaJIM3AIMH PEAKINU PHUMEHSIICS pacTBop auamuHobensumnaa DAB + (Dako).
Slnpa KneTok JoKpaluuBaiu reMarokcuinHoM Maiiepa.

VIMMyHOTHCTOXMMHYECKAs TTaHe s BKIrouasa anturena k CD4 (4B12, BioGenex),
CD8 (C8/144B, CellMarque), CD20 (L26, BioGenex), CD163 (10D6, DBS), naximro-
keparuny (AEL/AE3, DBS), CD3 (EP41, Epitomics), CD68 (KP1, Dako), IgG4 (MRQ-
44, CellMarque). Dxcrnpeccrst BceX MapKepoB OIICHHBATIACEH MOMYKOIMICCTBEHHO C
yKa3aHUEM IIPOLIEHTHOTO COJCP)KaHMs aHTUT€H-TIO3UTHBHBIX KJIETOK B Cpe3e.

Pesyabrarsl

T'ucmonozuueckue ocobennocmu u KiemouHblii COCMAag uHGuILmMpama é

J1091ce Onyxonu

HccenenoBanne THCTONIOIMYECKUX MPETAPATOB ONEPAMOHHOTO MaTepuala paka
MOJIOYHOH >KeJIe3bl I0Ka3aJ10, YTO TKAHb XKEJe3bl BHE BBIABICHHBIX N3MEHECHHI UMea
COXPaHHYIO THCTOAPXUTEKTOHNKY 1 ObLIa IIPEJICTaBIeHa Pa3HOKAINOCPHBIMHU POTO-
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KaM¥, TEPMHHAJIGHBIMH JIOJIBKOBO-TIPOTOKOBBIMH SJMHHUIIAMH, HECKOJIBKO YTONIICH-
HOM THITOKJICTOYHOW KOJUTAar€HOBOM CTPOMOH M IpeoOiIalaromei sKHpOBOil TKaHBIO.
B cBot0 Ouepesp, BEIpaKEHHBIC I3MEHEHHS B CTPOCHHH OpraHa HaOMIOIAINCh B JIOXKE
OITyXOJIH, IJIe ObUIM OTMEYCHBI MaCCHUBHBIC OISl pEaKTUBHOI (pUOPO3HOI TKaHHM, Ha
0OJIBIIOM MPOTHKCHUH 3aMEIIAIOIIHe MM 04aroBO CIABIMBAOIINE MIPEICYIECTBY-
TOIIIHE YKENIE3NCThIE CTPYKTYPHI M )KUPOBYIO TKaHb. OOpariasa Ha ceOst BHUMaHHUE pe3-
Kasl TPaHuLa MEXITy OITyXOJIEBBIM JIOKEM M HHTAKTHOH TKaHBIO MOJIOYHOI JKeJIe3bl.

Oxosto 70 % mutotaau noselt Gpudpo3a ObLIO 3aHITO oYaramu MOIUMOP(HOro
BOCHAJHMTEIBHOTO MHQHMIBTPaTa, JIM00 KOHLEHTPHPYIOLIErocs BOKPYT Mpecyie-
CTBYIOILMX NPOTOKOB M JIOJIEK CO CTYLIEBBIBAHHEM HX KOHTYPOB, JHOO pacnoiio-
JKEHHOTO B BHJE 30HAIBHOIO CKOIUICHHS KJICTOK, Pa3IeJICHHBIX MIMPOKUMHU HPO-
cioiikamu (UOPO3HOI TKaHHU, B COYCTAHUH C PEAKUMH JTHUM(OTUCTHOIUTAPHBIMHU
anementamu (puc. 2A). Cpean BOCIAIUTEIBHBIX KIETOK OTMEYAINCh PACCESIHHBIC
MEJIKAC HEHEKPOTHU3HPYIOIIHECS SIHUTEIHOMIHOKICTOUHbIC IPAaHyIeMbl (auame-
tpom 0,1-0,2 MM) ¥ CKOIUICHHSI TUTAHTCKHX MHOTOSICPHBIX KIETOK HHOPOIHBIX
ten (puc. 2C). LleHTpanbHbIe OTACNBI IPAHYIIEM COACPIKAIN OKPYIJIBIC IyCTOTHI C
YEeTKMMH T'PaHULAMH, COOTBETCTBYIOIIMMH CKOIUICHHSAM JIMIHIOB, OKPYXECHHBIM
MONUMOP(HOAACPHBIMHU JICHKOLUTAMH, M MIHPOKAM OOOIKOM SIHTEITHOHIHOKIIC-
TOYHBIX rHCTHONUTOB (prc. 2B). TloMnmo HEHTPOGHIOB B COCTAB IPaHyJIeM BXO-
JHJIM €AMHUYHBIE TMMGOIHTHI. Pacmonokenue rpanyiieM He ObIUIO YeTKO CBS3aHO C
JOJIbKaMH MJIH IIPOTOKaMH M HOCHJIO IIPOU3BOJIBHBIN XapakKTep.

Ha oTmenpHbBIX y4acTkax B 30HaX HamOolee IIOTHOM MH(MIBTpALUN olperie-
JSIIMCH OCTPBIe a0CLecchl, HEeHTPAIBHbBIE OTAENbl KOTOPBIX COAEPKald OOJIBIIOE
KOJINYECTBO MOJMMOP(HOSAIEPHBIX JEHKOIIMTOB M HEKPOTHYECKOTO JeTpuTa. Bo-
KPYT OTAEIBbHBIX IIPOTOKOB U J0JIEK OTMEYaIach HUPKYISPHAS HHOUIBTPALIUS JIUM-
(OMTHBIMH KJICTKAMH, BAPEUPYIOLIAs OT PHIXJION 10 04eHb IIOTHOM. JInmdonaHbie
(OIUTHKYIIB, B TOM YHCIIE ¢ TePMHHATHBHBIMH LIEHTPAMH, Ha BCEM IPOTSHKESHNH HC-
CIJIEJOBAHHOTO MaTepHaa OTCYTCTBOBAJIH.

Cpenu KIETOK BOCHAIMTEIBFHOTO WHOWIBTpaTa OMPEACISUINCH MOIMMOp(h-
HostmepHbie Herpodmmsr (15-20 %), otaenprbie 303uHOGIITBI (110 5 %), MHOTO-
grciieHnbie Manbie TuMpormThl (55—60 %), paccesiHHbIE TIa3MaTHYCCKAC KIICTKH
(10 %) u stmrenuonmubie ructronuts (10 %) (puc. 2D).

Ha Bcem npotspxkeHn# prOpo3HOTo JI0Ka OITyXOJIN CPeIH KIETOK BOCIIATHTEIb-
HOTO psifia Onpenessnch UG Qy3HO PaCCESHHBIC MEJIKHE BETBSIIHECS COCYIBI C
HpOoNU(EpUpPYIOLINIM SHIOTEIHEM.

Hmmynozucmoxumuueckas XapaKkmepucmuxa Kjiemok 60CRAIUMETbHOZ0

ungunompama

VIMMyHO(GEHOTHITIPOBAHHE KJIETOK BOCHAIUTEILHOTO MH(HIBTpaTa B JIOXKE
OIyXO0JIH MoKa3auo, uyto cootHorreHrne CD3+ u CD20+ numM@oIuToB HOCKHIIO Mpak-
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TUYECKH SKBHBAJICHTHBIN Xapakrep. T- u B-mumdormrer muddysno pacmpenens-
JIMCh TIO JIOKY OTTYXOJTH, He (GOPMHUPYS KaKUX-JTHOO 3HATUMBIX CKOTIeHHUH (prc. 3A,
B). B cBoro odeperns, M0 pe3ylsTaTaM dKCIPECCHH T-KICTOYHBIX MapKepoB OBLIO
ycraHoBieHo, uto cpeau T-numdonuto kinetkn CD4+ u CD8+ mpencrasiieHsl B
paBHBIX 10JsIX. Pacnpenenenne Tex u Apyrux T-TMMQONNTOB TakKe HOCHIO Jud-
Gbys3HbIit XapakTep, 6e3 00pasoBanus yeTkux arperaros (puc. 3C, D).

Orrenka skcrpeccun manMakpodaramsaoro mapkepa (CD68) BeisiBIIIa ero Ha-
IH4re Kak B 1U(GdY3HO pacrioinoKeHHBIX B HH(PHIBTPATE OAMHOYHBIX THCTHOLUTAX,
TaK ¥ B DIUTSIMOMIHBIX Makpogarax, GOpMUPYIOIINX TPaHyIEeMbl, 1 THIAHTCKUX
MHOTOSIJICPHBIX KileTKax (puc. 3E).

JlOTIONHUTENIFHO TIPOBEACHHAS OKpacKa IperapaTtoB OXHUM U3 CENEKTHBHBIX
MapKpogarajabHbBIX MapKepoB BbISBMIIA HaMn4ue JU(PY3HO pacCestHHBIX IO JIOKY
omyxonu CD163+ makpocdarambHeix smeMenToB (puc. 3F), He yJ4acTBYIOIINX B
(hopMHpOBaHUY TPaHYIEM W HE 00Pa3yIOMHNX KaKUX-JIMOO OYarOBBIX CKOTUICHHH.
['mcTronyuTapHbBIe HIEMEHTHI TPAaHyJIeM M THTaHTCKHE MHOTOSICPHBIC KJICTKH HHO-
ponubix Ten 6puin CD163-HeraTiBHBIL

Okcnpeccus 1gG4 B ria3MoOIUTAPHBIX EMEHTaX BOCHIAINTEIbHOTO HH(UIIb-
Tpara BbIABICHA HE ObLIA.

Oocyxnenue

[IpoBeneHHOE HaMH UMMYHOMOP(OJIOTHYECKOE HCCIISOBAHIE OIIyXOJIEBOTO
JI0’Ka paKa MOJIOYHOI 5KeJIe3bI C ITOTHBIM JIYeOHBIM ITATOMOP(HO30M MO3BOJIUIIO BbI-
SBUTH CIECAYIONIME M3MEHEHHUS: BOCIIAIMTENIBHBINA HHOHUIBTPAT ObUI NpecTaBiIeH
KaK KJIeTKaMH HeCIeH(YHUIECKOro, TaK U CIeH(HISCKOro IMMYHHOTO 3BeHa; cpe-
JM TIOCJTICAHUX B PaBHBIX JOJIAX ONPENeISUIMCH SIEMEHTBI KIIETOYHOTO  I'yMOpPaJlb-
HOro MMMyHHUTeTa. Takxke B pPaBHBIX TOJIIX ObUIH mpencTasieHsl T- n B-mumdona-
Hble KieTku. CD68-no3utuBHEIC MakpodaraibHbIe 2IEMEHTH! ObUTH IIPEACTABIICHEI
KaK JMCKPETHO PAaCIOIOKEHHBIMU THCTHOLMTAMH, TaK M SIHUTEIHOUIHBIMHA MaKpO-
(haramu, popMUpYIOIIUME TpaHylIeMbl 0e3 HEKpo3a, U OTACTbHBIMH CKOIIICHUS-
MU MTaHTCKHX MHOTOSIJICPHBIX KIETOK MHOPOAHBIX Ten. Okono 15-20 % xietox
MHOUIBTPaTa COCTABISIIN TPAaHYIONUTHI C peobiraganneM HeUTpodmioB. Kpome
TOrO, 10 pe3yibraram skcnpeccun CD163 ObLI0 yCTaHOBICHO, YTO B OMYXOJIH TPH-
CYTCTBYET OOJIBIIOE KOJIMYECTBO IUCKPETHO PACTIONOKEHHBIX OITyX0JIb-aCCOLMUPO-
BaHHBIX MakpodaroB M2-Tura, 0OTBEHAIOIIHUX 3a IIPOTHBOBOCIIAIUTENBHbIC U pera-
paTHBHBIE TIPOLIECCHI.

Taxoke Ha OCHOBAaHHMH PE3YJIBTaTOB MPOBEICHHOTO MOP(OIOTHIECKOTO H UM-
MYHO(EHOTHIINYECKOr0 aHAIN3a M3MEHCHU I B TKAHH MOJIOYHOM KeJIe3bl HaMH OBLT
UCKIIFOUEH PsiT HEOITYXOJIEBBIX MAaTOIOTHYECKUX MTPOLECCOB, HMEIOMNX MaMMOTpa-
(ryeckoe, KIMHAYECKOEe B MOP(POIIOTHIECKOE CXOACTBO ¢ MHBA3UBHBIM pakoM. B
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HAMATOPOIESIS IMMUNOLOGY 97

YaCTHOCTH, B pe3yabrare Au(pepeHINaTIbHOTO JUarH03a HaMi ObIIIH HCKITIOYEHBI
aumormTapHBIi MacTHT (quabeTHdecKass MacTONaThs), IUIa3MOIMTAPHBIA Ma-
CTHUT, MAMONATHYCCKHUH (IONBKOBBI) TpaHYIEMATO3HBIH MACTHT, MEPUIYKTailb-
HBII MacTHUT, COMPOBOXK/IAIOIINN IKTA3UIO TIPOTOKOB MOJIOYHOM jkenesbl, u 1gG4-
ACCOLIMMPOBAHHBIN CKJIEPO3UPYIOLINI MAaCTUT.

Takum 00pa3oM, BBISIBICHHBIC HMMYHOMOP(OIOTHYECKIE U3MEHEHNS MOXKHO
pacleHnBaTh KaK COYETaHWE KapTHHBI CIIEIM(UIECKON IMMYHHOH peakIuu, oro-
cpemoBaHHON HammuueMm T- u B-muM¢ponnToB M MIa3MOIMTOB, H OCTPOTO BOCIIA-
JUTENIFHOTO MPOIECcca, COMPOBOXKIAIOIIETOCS (OPMUPOBAHHEM MHOKECTBEHHBIX
acOIeCCcoB U rpaHylieM BOKPYT HEKPOTH3MPOBAaHHON TKaHH.

Jluteparypa

1. Hlamunos @.A., Tynuyein H.H., Bopomnukos HU.K., Buwnesckas A.A.,
Kosnos H.A., Cenvuyx B.FO. IlomHOKCHIOHUH B TIpEAOTICPAIIIOHHOM JIede-
HHUH paka MOJIOYHOM kelie3bl. [ToTHast perpeccus omyXouu B Ipolecce He-

0a/TBIOBAHTHOM UMMyHOTeparnu. MmmyHo0THs Temoriossa. 2015; 13(1):
101-112.
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98 HMMYHOJIOTHA T'EMOIIO234

PI'bY «POHL um. H.H. BIOXWUHA»

py PUHAHCOBOM MOJIEPIKKE

POCCHUIICKOI'O ®OHJIA
®YHJIAMEHTAJIbHBIX UCCJIEJOBAHUI

12-a Mescoynapoonas kongepenuusn
«Ummynonozusa zemonoaza»

Tema koHdepeHIUN:
«OT HUMMYHOAHATHOCTUKH
K HMMYHOJOI'HY€CKOMY CTaAUPOBAHUIO
W MMMYHOTEPANUH PaKa»

Ilpeoceoamens: npodeccop H.H. Tynuisia

Mooepamopuwi:  npodeccop G. Janossy (UK),
npodeccop J.-F. Rossi (France)

Mecmo npogedenua:. 1. PBIBUHCK, Spocnasckas obnacts, Poccus

4—6 uronsa 2015 roaa
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HAMATOPOIESIS IMMUNOLOGY 99

IMPOI'PAMMA

04.06.2015 3ae30 yuacmnuxos konghepenyuu

13.00-13.30 Omkpuvimue xongpepenyuu
[puserctrenHoe coBo G. Janossy (London), J.-F. Rossi (Montpellier, France),
B.1O. Cenpuyka, H.H. Tymursiaa (Mocksa), JI.A. Boprcosa.

I. TEMOBJIACTO3bI. 8-IIBETHBIE ITAHEJIU EBPO-®JIOY KAK
CTAHIAPT JMATHOCTUKHU U MOHUTOPUHIA DODPEKTUBHO-
CTHU TEPAIINUN

IIpeocedamenu: npodeccop J. Txanoccu (Anrmust), mpodeccop H.H. Tynu-
usiH (Poccus), npodeccop C.A. Jlyrosckas (Poccus), /1. Maitep (I'epmanmust)

13.30-14.30 Desiree Meyer, PHD Application Specialist (cnemmanuct mo
nporouHoi nuromerpun), BD Biosciences, Germany, Heydelberg «Ilanenu nua-
THOCTHKH JIeHK030B 1 nuMdoM EBpo-®roy: oT co3maHus OO MPaKTHYECKOTO HC-
M0JIb30BAHUA B €BPOIEUCKUX CTpaHaX»

14.30-15.00 Kaun. men. vayk JI.FO. Ipusyosa (PTBHY «POHIL um. H.H. Brio-
xuHa», Mocksa) «OcTpble JICHKO3bl: HMMYHO(CHOTHITHYECKAs THATHOCTHKA B IeOr0-
Te 6omne3nu u MmoauTOpuHT MPB, ncnone3oBanme nonxonoB Espo-dmoy»

15.00-15.30 Kaun. wmen. wayk H.A. Kynpvuumuna (OTBHY «POHIT
um. H.H. Broxuna», Mocksa) « IMMyHOIMATHOCTHKA TIEPHPEPHICCKUX THMPOM C
MCIOJb30BaHuEM naHeneil EBpo-doy»

15.30-15.50 TIIpodeccop H.H. Tynuywin (DI'BHY «POHI] um. H.H. broxu-
Ha», MockBa) «IIpakTHdecKoe HCIoIb30BaHue aHeei EBpo-Diioy B IMarHoCTHKe
TTa3MoKIeTO9HbIX 1 NK-KI1eTouHBIX 3a001eBaHA»

*15.50-16.10 A.B. Cempanuxuna (PI'BHY «POHII] um. H.H. Broxuna»,
MockBa) «MapKepbl, aCCOLMUPOBAHHBIE C TIOBTOPSIOMIMMHUCS TPAHCIOKALIUSAMU, B
nanesnsix Espo-®noy»

*16.10-16.30 Kann. men. Hayk A.M. ITonoe (Poccusi, EkarepunGypr) «IBommormst
MHOTOLBETHBIX MAHENEN aHTUTE IS AMATHOCTHKK U MOHUTOPUHTA OCTPBIX JIEHKO30B»

16.30-17.30 Oo6cyxaenue. uckyccus. Pexomenpanuu KOH(EPEHIMH 10

BHeApeHuto naxeneil EBpo-®noy B Poccun
Munncnmnosuym: «HoBoe B TIOMUHUCIIEHTHOH THArHOCTHKE TUMQPOM»
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100 HUMMYHOJIOTHA TEMOITOD34

17.30-17.50 Crapmmii cneunanuct, kaua. ¢us.-mar. H. C.A. Iazynosa
(Thermo Fisher Scientific, Mocksa), kaun. men. Hayk E.H. Illonoxoea (PTBHY
«POHIL] wm. H.H. Broxuna», Mocksa) «Mukpockonsl EVOS B MHOTONIBETHOI
(hITyopeCIeHTHO TUATHOCTHKE OTYXOJICH, IPHMEPHI U3 TIPAKTHKNY

17.50-18.10 Kaun. wmen. wHayk I1.A. 3einanosa (OI'BHY «POHI]
um. H.H. Brioxuna», Mocksa) «J{uddysHas B-kpymHokIeTouHas TUM(pOMa: HOBBIC
MMMYHOJIOTHYECKHE M TeMaTOJIOTHYeCKHe (paKTOpBI TPOrHO3a»

19.00 Vxun

KoHuepr naypearoB MekIyHapOIHBIX KOHKYpPCOB, COIUCTOB [0Cy1apcTBEHHOTO
aKajJieMHUecKoro Tearpa «MockoBckast omeperta» Exarepuusr UymorBopoBoii (co-
npano) u Anekcest Koposuna (terop), maptust popremnuano — Jlrommumna Cemeniko

05.06.2015

POJIb UIMMYHHOM CUCTEMBI KOCTHOI'O MO3I'A OHKOJIOI'U-

YECKUX BOJbHbIX B PABPABOTKE UMMYHOTEPAIIEBTUYE-

CKUX IOAXOA0B

IIpeocedamenu: nipodeccop 3.I. Kagarunze (PI'BHY «POHILI um. H.H. Bio-
xuHa», Mocksa), npodeccop K.-O. Poccu (Monnenbe, Ppanius), npopeccop
O.A. Pykaunpia (OI'KY «I'BKI um. akan. H.H. Bypnenko, Mockea), kaHz. Men.
Hayk K.H. Menkosa (PI'BHY «POHI] um. H.H. Brioxuna», Mocksa), a-p Me/. H.
N.C. Honrononos (PI'BHY «POHL um. H.H. Broxuna», Mocksa)

9.00-9.20 J-p men. nayk H.C. /lonzononoe (PI'BHY «POHII um. H.H. Broxu-
Ha», MockBa) « DBOJTIOLHS B3IVISAIOB Ha POJTb IMMYHOTCPAITHHU B IETCKOM OHKOIIOTHHY

9.20-9.40 Kauz. men. nayk I. Ykadya (PI'BHY «POHI] um. H.H. Broxu-
Ha», MockBa) «B03MOXHbIE IMMYHOJIOTHICCKHE MEXaHU3MbI, peanu3anui 3 hek-
TOB BaKIMHOTEPAIIMH y ICTSH C CONMUIHBIMU OITYXOJISIMID»

9.40-10.20 TIpodeccop. /K-@. Poccu (Opanrus) «Effector cells for innate im-
mune therapy (Tgammadelta and NK): from bench to bedside». «3¢dexroprbre krer-
KH BpoxkieHHOTO mMMyHHuTeTa (T-rammal/nensra, NK): oT necneioBanmii K KITMHAKE»

10.20-10.40 TIpodeccop H.H. Tynuypin (PI'BHY «POHILI um. H.H. Biioxu-
Ha», MoCKBa) « DBOIFOIIHUSI HCCISIOBAHHI KOCTHOTO MO3Ta IPH CapkOMaX B OHKOJIO-
rudyeckoM HayuyHoM LeHTpe nmenu H.H. bnoxuna»

10.40-10.55 Kanpn. men. vayk T.B. I'opoynosa (PI'BHY «POHII um. H.H. Bro-
xuHa», Mocksa) « TCRyA muM¢ormtsr 1 NK-KIIeTKH TIpu capKoMax y JaeTei»
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HAMATOPOIESIS IMMUNOLOGY 101

10.55-11.10 Kaux. wmen. wayk JILFO. [Ipuseuosa (®I'BHY «POHII
um. H.H. Brioxura», Mocksa) «KocTHBIH MO3T 1 MOGHIM30BaHHBIC TIepHpeprde-
CKHE CTBOJIOBBIE KJICTKH, IMMYHOJIOTHYECKUE CXOCTBA M PA3THUMS»

11.10-11.30 Kanux. men. vayk K.H. Menkosa (3aB. OTICICHHEM TpaHCILIAH-
tarmn OTBHY «POHL] um. H.H. broxuna», Mocksa) «BO3MOKHOCTH HMMYHO-
TEPaNeBTUYCCKUX TOAXOIOB C MCTIONB30BaHUEM aJJIOTEHHOTO KOCTHOTO MO3Ta BO
B3POCIION OHKOJIOTHH»

11.30-12.30 OOcyx/eHNEe BO3MOXKHOCTH CO3/[aHUSI IMMYHOTEPaIeBTUYECKO-
0 IPOTOKOJIa, OCHOBAHHOTO HA MCIIOIB30BAHMH AJUIOTEHHOTO KOCTHOTO MO3Ta, IS
[PEIOTBPAIICHHS METACTa3UPOBAHHS B JISTKHE [IPH CAPKOMAaxX»

12.30-13.30 O6en

13.30-18.00 Dxckypcwus Ha TEmI0Xo/ie 0 PEIGMHCKOMY MOPIO, SKCKYPCHH I10
HCTOPHYCCKOMY IIEHTPY TOPOIa 1 My3esIM

18.00-19.00 Vxkuu

06.06.2015

I. IMMYHOJIOTHYECKOE CTA/IMPOBAHUE PAKA.
HNCCIEJOBAHHUE KOCTHOI'O MO3TA

IIpeocedamenu: npodeccop B.1O. Cenpuyk (PI'BHY «POHI] um. H.H. Bio-
xuHa», Mockaa), mpodeccop UK. Boporaukos (PI'BHY «POHLI um. H.H. Broxu-
Ha», Mockga), npodeccop JL.H. JTro6uenko (DI'BHY «POHLI num. H.H. Brioxuna»,
MockBa)

9.30-10.00 TIIpodeccop H.H. Tynuyvin (PITBHY «POHI] um. H.H. Broxu-
Ha», MockBa) «KOCTHBIN MO3I' OHKOJIOTHYECKOTO OOIBHOIO: AMCCEMUHHPOBAHHBIE
OITyXOJIEBBIC KJICTKH, UMMYHHAs CHCTEMa, TeMOTIOITHYECKas TKAHb»

10.00-10.30 Kanun. wmen. wayk M.JI. Huxynun (OTBHY «POHII
um. H.H. broxuna», Mocksa) «IlopaxeHne KOCTHOTO MO3Ta ITPH PAKe KETyIKa»

*10.30-10.45 Kaux. men. mayk O.A. Bozomonosa (Poccusi, VibSHOBCK)
«Kunu4eckoe 3HaYEHUE UCCIIENOBAHNS KOCTHOTO MO3Ta IPH PaKke MOJIOYHOM kKe-

JIE3BI»

10.45-11.00 Crapummii crieranuct, kauj. ¢us.-mar. Hayk C.A. Iazynosa
(Thermo Fisher Scientific, MockBa) «BBICOKOCKOPOCTHOM TPOTOUHBIH ITHTOMETP
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102 HMMYHOJIOTHA T'EMOIIO234

Attune NXT ¢ akyctuaecknM (HOKYCHPOBAHHEM IS IETCKIIMHA OYCHb PEIKUX CO-
ObITHIT

*11.00-11.15 O.A. Besnoc (Poccust, Mocksa) «OOHapyKeHHE JAUCCEMUHHU-
POBAHHBIX OITyXOJIEBBIX KJIETOK B KOCTHOM MO3T¢ OOJIbHBIX PAKOM MOJIOUHOM JKeJle-
3BI METOZIOM ITPOTOYHON IIATOMETPUH C aKyCTHIECKOH (HOKYCHPOBKOIT»

*11.15-11.30 Acmupant E.C. Oéapesuu (DI'BHY «POHII um. H.H. Broxu-
Ha», Mocksa) «KinHnueckoe 3HauYCHHE HCCIIeIOBAHMSI KOCTHOTO MO3ra OOJIbHBIX
JIMCCEMUHUPOBAHHBIM PAKOM JKCITy/IKa»

11.30-11.40 Kanun. men. vayk A /. Ilanaxoeé (PI'BHY «POHII um. H.H. Bio-
xuHa», Mocksa) «KimHudeckoe 3HaueHHE OOHAPYKCHHUS INCCEMHHHPOBAHHBIX
OITYXOJICBBIX KIICTOK B KOCTHOM MO3T€ GONBHBIX PAKOM TIPEACTATEIBHOMN KEIe35I»

11.40-11.50 I1.b. Hamanvun, PhD, pyKOBOAMTENb OTIENa TCHETHYCCKOTO
anammsa (Thermo Fisher Scientific, Mocksa), «I'eHeTnueckoe TPOPHUIHPOBAHUE
ormyxoJel U mepudepHitHbIIf MOHUTOPHHT paKa»

I1. MOJIMOKCUJTOHUM B HEOAJITbIOBAHTHOM TEPAIIMH OIIE-
PABEJIBHOI'O PAKA MOJIOYHOM KEJIE3bI

*11.50-12.00 Kaua. wmen. wuayk @.A. IHamunose (PIBHY «POHI]
um. H.H. Brioxuna», Mocksa) «[lonHas perpeccust paka MOJOYHOM JKeJIE3bI B IIPO-
1ecce HeoabIOBAHTHON HMMYHOTEPAITHH OITHOKCHIOHHEM (OTIMCaHUe CITydast)»

*12.00-12.15 Kaun. men. Hayk H.A. Koznoe (PI'BHY «POHII um. H.H. Bro-
xuHa», Mocksa) «Mopdoaoruueckuit cyOocTpar TpaHyIeMaTo3HOrO BOCITAICHHSI
nociie 3¢ (GEeKTUBHOTO JICUeHHUs orepadbeTbHOr0 paka MOJIOYHOM KeJle3bl TIOTHOKCH-
JTIOHHEM, TIPUBEIIIETO K MOTHON PETPeCcCHH OITyXOJIn»

12.15-12.30 Kauz. men. vayk M.B. Bacunvee, M.M. Bacunvesa (Boponex-
CKHI1 OHKOJIOTHYECKHIA jucnancep, Boponex, Poccus) «IlepBblii OIBIT HEOAIBIO-
BAaHTHOI IMMYHOTEPAITUH paKa MOJIOYHOH yKeJIe3bl MOTHOKCHIOHHEM»

12.35-13.00 Ob6wasn ouckyccusn, 3akpsimue Kongepenyuu

B pamkax koH(EpEeHIINH TPOBOIUTCS KOHKYPC PabOT MOJIOBIX yUeHbIX. Jlokia-
IIbI MOJIOJIBIX YYEHBIX OTMEYCHBI B IIporpaMme 3Be3104ukoit (*). PykoBoauTens KOH-
KypcHOU Komuccun — mpescenarens Cosera moioabx yueHsix ®I'BHY «POHI]
nmenn H.H. Broxuna» kanzg. men. 1. M.B. Camoiinerko
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// Bone marrow immunology
in minimal residual cancer

———

Moderator:
Prof George Janossy, LONDON, UNITED KINGDOM

Chairmen:

Prof Klaus Pantel, HAMBURG, GERMANY

Prof Suleyman Dincer, ISTANBUL, TURKEY

Prof Jean-Francois ROSSi, MONTPELLIER, FRANCE

www.imhaemo.ru
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* MRD in oncohaematology:
8-color Eurofiow panels
Desiree Meyer, GERMANY

e MInimal cancer
Prof Klaus Pantel, GErmaNy
& Dr Catherine Alix-Panabiéres, FRANCE

* Bone marrow immune system
Dr Bruno Brando, MD PhD, rmaLy

* Immune therapy of MRD

Prof Jean-Francois Rossi, FRANCE

* Allogeneic bone marrow
in cancer freatment
Prof Suleyman Dincer, TURKEY

* Bone marrow cleaning from DTC:

new approaches based on PD-L1, CD47...

To be determined

Location:
Hungarian Academy of Sciences,
Széchenyi Istvan tér 9, 1051 Budapest, Hungary

Organization: COMe,CO
Com&Co Events, Etienne Jarry

12, Bd Fellen, 13016 Marseille, France
Tel.: (+33) 4 91 09 70 53

Fox: (+33) 4 96 15 33 08
ejarry@comnco.com

www.imhaemo.ru
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HAMATOPOIESIS IMMUNOLOGY 105

Pucynxu x cmamve Kan-®. Poccu

KAK IIOBBICUTHh AKTUBHOCTbH
KJIETOK-2O®EKTOPOB B UMMYHOTEPAIIUU PAKA?

600- il éyﬁ T cells
- iCD3-CD16+ (NK)
—— :Treg cells

Mean nbr cells / pL blood

20 cells/jp

LJ
10 20 30 40 50 60

0
Cf‘ID1 Cc2D1 Time (days) C3D1

IPH1101

Puc. 1. ®apmakogrHaMiuKa AIMMYHHBIX KJICTOK Y OONBHBIX (DOJUTHKYISPHON JINM-
(hoMoii, BKITIOYCHHBIX B KIMHHUYEcKoe nccienoBanne |l ¢daspr ¢ ammmmdukanmeit
yOT-mumMbormToR in Vivo

Nbr — uncio; C1D1 — uukn 1 gens 1; Treg — peryasitoprbie T-TUMPOIUTEI.
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106
7
une 409
|
Huskwmii (n=21) 7(33,3%) | 12(57,1%)
[Tpomex./HebGnaronp. :
3 6% 35,3%
3 (n=17) (17,6%) | 6(35,3%)
c
=] |
o
)
[
E . [ — ' MaxkcumansHoe
H3MeHeHHe pa3Mepa
-504: ONMYXOJH 110 OLECHKE
HEZABHCHMOIO
-75+4-- PEHTICHOMO0TA
Patients
=100+

Puc. 2. Yacrora o0bekTHBHOTO 3(dekra B 3aBucumoctn oT unjekca FLIPI u ko-
JMYECTBCHHAs OlleHKa 3(h(heKTUBHOCTH B KIMHUYECKOM HccaenoBanuu |l ¢assl ¢

amrutndukanueit yo T-muMpormTos in Vivo
UYIIP — gacrora monHo# pemuccnu; YOO — vactora o0bekTuBHOTO 3 dexra; FLIPI —

MEKIyHapOIHbIH MPOTHOCTUYECKUH HHAEKC ATl GOIIHUKYISIPHOH TUM(OMBI.

Boapacr 55, peicokuii JIJT, auzknii FLIPL,
Jlewenne P 20 mec. nasan (maxc. sbbext UP).

Puc. 3. OmioxxeHHast NOJTHAS peMUCCHS y OOJIBHOTO, BKJIIOYEHHOTO B KIMHHYECKOE

uccienosanne |l passr ¢ ammmudukareeit Yo T-muMpOImTOB in Vivo
JIAI' — nakrarnerunporenasa; FLIPI — mexxayHapomHblii TPOrHOCTUYECKUN MHAEKC

JUIst GOJUTHKYIISIPHON JTUM(OMBI.
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Beaxn, iu3atsl, PHK,

KJIETKH anonrosa MHC — pecTpUKTHPOBaHHbIE

aepes MenTHIbI
Penenrop \/ MHuKpoOpranusMm uin  Z
MaHHO3BI @ MaHHO3HJIIPOBAHHBII X
PactBopumblil Ag AHTUTCH MHCI
£ CD86 2 nusa
M-CSF+ IL-4 TNF-o nn
win IL1 CD40L+Poly- CMHII
5-7 nueit W/VU aTOHUCTHYHBIE CD86
CCRI antu-CD40 CD80
A CCR5 unu PGE2
MO CD14 B (e °
3 DC
Hespeaas DC Arnorrrornueckast Hpengregna:euue Ag
3axBaT H NPOLECCHHT Ag KJIETKa
v

AxruBanus CTL in vitro
Wnbexknus in vivo

Puc. 4. Cospesanve u muddHepeHIMPOBKa AeHAPUTHBIX KIeTOK (DC) 13 MOHOIUTOB
(MO) ex vivo

CTL — murortokcuueckue T-mumdonnTsl; AQ — aHTHIEH.

Ornoxennan THHEPYYBCTBHTE/bHOCTE

5 ik uabekuwii 0,2ml ausara
DC (5x10° DC/ma) (1), KLH
ok (100mEr B 0.2m1) (2).

FDG-M3T

11 BonbHbIX
2P nocne BakyumHauum
2MNP go sakuuMHauum

Puc. 5. Dddexr runepuyBCTBUTENBHOCTH HA (OHE BBEICHHS KJICTOUYHOTO JHM3aTa
B KOMOMHALIMH C JCHIAPUTHBIMHU KJIETKAMH C 'MCTOJOTHYECKUMH JTAaHHBIMH U pe-
3yJIETaTaMHU TIO3UTPOHHON SMUCCHOHHOU ToMorpaduu ¢ Fdropaesokcuroko3oi
B Ka4€CTBE MOHUTOPHHI'a IMMYHHOT'O OTBETA
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108 HUMMYHOJIOTHA TEMOITOD34

1 NK -knemxka yousaem 10 pakogwix Kiemok
10 yumomokcuunvix T-xnemoxk yousarom 1 paxkogyio Kiemky

Macca onyxosmn  Ilocne xummnorepanuu
10" « B3pBIB [IUTOKHUHOB »
Kuerounsiii s¢dext mocie 1/TloBTOpHOE BBEICHHE
XUMHOTEPATTUH (N K) KJICTOK-KUJIJIEPOB
2/Bakimnanus, CAR-T
3/KOHTpOIIb MEXaHU3MOB BEDKUBAHHS
4/Perynsiys KOHTPOJIBHBIX
KJIETOK IMMYHHUTETa

HmmyHoTepanus
KonTpons MO3

OcrarouyHnoe

l 3a00JieBaHIe

»

Bpemsa g

Puc. 6. OkHO BO3MOKHOCTEH HMMYHHO# TEpaIivy MPU OHKOJIOTMYECKUX 3a00JICBaHUSIX

Pucynxu k cmamoe H.A. Ko3nosa

HUMMYHOMOPD®OJTOI'NMYECKAS XAPAKTEPUCTHUKA JIEYEBHOI'O
MMATOMOP®O03A PAKA MOJIOYHOM KEJIE3bI IIOCJIE
HUMMYHOTEPAIINU TOJIMOKCUAOHUEM

Puc. 1. (A) Brorcus y3moBoro HOBOOOPA30BaHHsT MOJIOYHOM JKeNe3bl. VIHBA3HBHBII
pak Hecrnermduueckoro trna G2. MHQUIBTPATHBHBIN Kpaii Oyxomu (BEpXHSSI 9acTh
cHnMKa). [emarokcmmmu-303uH, yBenmuehue X 50. (B) MHOXECTBEHHBIC COMMTHBIC
KOMIUIEKCHI paka. OTMEYa0TCsl SANHIYHBIC IMMYHHbIC KJICTKH, TPH3HAKU TPAaHylIeMa-
TO3HOTO BOCTIAJICHHSI OTCYTCTBYIOT. [ eMaTokcmiinH-3031H, yBenundeHne X 200
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Puc. 2. (A) OmyxomneBoe JI0Xke COMEPKUT MHOXKECTBEHHBIC TPaHyJIEMbl 63 04aroB
HEKpOo3a, C MJIOTHOW JMMQOUIHON MHHUIbTpalell Mo nepudepur U IUPOKUE
nionst GuOpPO3HON TKaHM, CPEAN KOTOPBIX BCTPEUACTCS PEIKHE MPEACYIIECTBY OIS
MTPOTOKHM MOJIOUHOM 5KeJIe3bI (JIEBBIIT BEPXHMUIT YyTOI CHIMKA). [ eMaTOKCHITMH-303HH,
yBemuuenne X 50. (B) DnuTennonaHOKICTOYHAST HEHEKPOTH3UPYIOMIAsCS TpaHy-
Jema, B IIEHTPE KOTOPOH PacroiokKeHO KPYNHOE CKOIUICHHE JIMITHIOB, OKPYKEeH-
HOE MOJIUMOPGHOAAECPHBIMU HeiTpodmiaMu. [eMaTOKCHIMH-03UH, YBEIHYCHHE
x 200. (C) OuaroBble CKOIICHHS THTAHTCKAX MHOTOSICPHBIX KJICTOK MHOPOIHBIX
ten. [emarokcumun-303uH, yBenmdenune X 200. (D) B cocraBe BocmamuTebHOTO
MHQUIBTPATa ONPEIENSIOTCS TONUMOP(QHOSIEpHBIE HEHTPOGIIIBI, JTUMQOIUTHI,
IUIA3MAaTUYECKHE KIIETKH, OSIHUTEIHOWIHBIE THCTHUOLMTHL. | eMaTOKCHIMH-303MH,
yBenuuenue X 400
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¥ VAN 7
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05 .u:‘ e

el

-

mutel. (B) CD20-nosutnBHbIe muMbormThl B nHuisTpare. (C) CD4-mo3nTuBHbIC
mumdorutel. (D) CD8-nosutuBHbIe MiMpormTh. (E) CD68-1m03uTHBHBIC STTHTETH-
OWJTHBIC THCTHONHUTHI, hopmupyromire rpanyiemy. (F) CD163-mo3uTHBHBIC MAKPO-
(aru, tuddy3HO PacIONOKEHHBIE CPEAN KIETOK BOCHAIUTENLHOTO HHQUIIBTpATA.
HmmyHonepokcuaasnas peakuus, ypeiandenue x 200
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