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3a 6onee yem 40 net nzyyeHust myurHa MUC] npour301u10 3HaYUMTEIbHOE pa3BUTHUE MPEACTABICHUM O ero (PyHK-
LIMOHUPOBAHUK. AHTUAAT€3NOHHBIE CBOICTBA 9KCTPALIE/UTIOISIPHOTO TOMEHA, KOTOPBIM YAE/ISJIOCh OCHOBHOE BHI-
MaHMe B IePBbIe OBl UCCIIEIOBAHUIA K C TIOMOIIBIO KOTOPBIX ITEPBOHAYATBHO OOBSICHSUIA M30BITOYHYIO 9KCIIPEC-
cuto MUCT nipu rporpeccupoBaHUM OHKOJIOTMUYECKIX 3a00IeBaHU, C TeYEHHEM BPEMEHHU CTAIM OTXOIUTH Ha BTO-
poii rwiaH. [Tpou3oluio nepekiIoyeHe NHTEPeca UCCaeaoBaTeell ¢ aHTUAATe3MOHHBIX CBOMCTB OeJiKa Ha ero pe-
TYJISITOPHBIE U CUTHaJIbHBIE (DYHKIMU B KJieTKe. O0HapyxeHue ciocooHocty MUCI K nepenaye curHaia v K yyac-
THIO B MeTa0OJM3ME OTKPBHLIO BO3MOXKHOCTHU JJIsI 0OJIe€ TOHKOIO BO3IEWCTBUS HA OITyXOJIEBBIE KJIETKH, HEXEIN
MPOCTO MPHYBJICYEHUE areHTOB UMMYHHOM CUCTEMBI K JaHHO# MullieHU. Tem He MeHee y moJiekyabl MUCI cyiect-
BYeT «Ie(eKT», KOTOPBII 3aCTaBIIIeT YCOMHUTBCS B 1IEJIECO0OPa3HOCTH €€ UCIIOIb30BaHNS B UMMYHOTEPAIuy paKa.
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«AAEAJTbHASI» MUIIIEHDb
JJIA UMMYHOTEPAIINUN.
OT UJEU K ITEPBBIM PABPABOTKAM

OCHOBHBIMM TIPEINOCBIJIKAMUA K MCIIOJIb30Ba-
Huto mynnHa MUCI B kauecTBe MUILLIEHU JJISI UM~
MYHOTEpAIM OHKOJIOTUYECKMX 3a00JIeBaHMI I10-
CIIy>KMJI0 OOHApYXXEHHE B KPOBU OHKOOOJbHbBIX 111~
TOTOKCHMYECKMX T-TMGOINUTOB, Y3HAIOIINX OITy-
Xoab-accouunupoBaHHyo popmy MUCI yenoBeka
[1—3]. DTo mo3BoIMIO pa3paboTaTh CXeMy Teparuu
paka, B KOTOpPO#1 B KaUYeCTBE aIbTePHATUBEI Pagio-
U XAMUOTEPAIMN, OKA3bIBAIOIIM CEPhe3HOE TOK-

Ilpunsateie cokpameHus: AIIK — aHTureH-npe3eHTHU-
pytomast kietka; MHC — Monekyna OCHOBHOTO KOMILIEKCA
rucrocoBMectumoctu; TCR — T-KJIeTOUYHBI peLenTop;
CAR-T — T-muMdonuT, HeCyIInii XMMEPHBI aHTUTCHHBIN pe-
uenrop; MUCI — myuuH yenoBeka, MUCI-N — N-koHlieBast
(akcTpauenonsipHast) cyobenunuuna MUCI, MUCI-C —
C-koHIIeBas1 (LMTOIIa3MaTrudeckasi) cyorenunuia MUCI.

* Anpecat TSt KOpPEeCTIOHICHITNH.

CUYECKOe BO3IEHCTBME Ha OpPraHM3M B LIEJIOM,
IIpelIarajioch 3aleiiCTBOBaTb €CTECTBEHHBIE 3a-
LIIUTHBIE CUJIbI — UMMYHHYIO cUcTeMY (puc. 1).
MMMmyHOTepanysl Kak HallpaBJieHHWE MoIpasy-
MEBaeT IBe OCHOBHBIX CTpAaTeTUM BO3ICHCTBUS Ha
IopaxxeHHbIe KJIeTKU. [laccuBHass UMMYHOTepamnust
MpearnoiaracT BBEACHNE B OPraHU3M YXe TOTOBBIX
areHTOB UMMYHHOW cUcTeMbl (aHTuTen, T-nmumdo-
LIUTOB), CIIOCOOHBIX pacIlO3HaBaThb MMUIIEHb U
YHHUYTOXKATh HECYIINE €€ KICTKI. AKTMBHAs NIMMY-
HOTepamnus HampaBjieHa Ha CTUMYJISILIMIO €CTeCT-
BEHHOTO MMMYHHTeTa U (OKYCHMPOBKY €TO
JNEWCTBUS Ha KJIeTKaX, HEeCyIIuX OmpeaeeHHbIe
muineHu. Monekyina MUCI npencrapisijiach upe3-
BBIYAIHO YIOOHOI MUIIIEHBIO KaK JJIsT TTAaCCUBHOM,
TaK ¥ 111 aKTUBHOI UMMYHOTEPaIINN.
HccnenoBanust cTpoeHuss U (PYHKUIMWH TIUKO-
npotenga MUCI, ero npeacTaBlieHHOCTH U JIOKa-
JIM3alldM B KJIETKaX M TKAHSX 300POBBIX JIIOIEH U
OHKOOOJIbHBIX ITO3BOJIMJIN BBISIBUTH PSII XapaKTe-
pucTUK, nepeBoasdimnx monexkynry MUCI B pa3psin
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Puc. 1. YnpoueHHble npeactaBieHus o moyekysne myurnHa MUCI yenoBeka, jiexallye B OCHOBE pa3padOTKU MPUHLIMIIA UMMY-

HOTEpaIlM1 paka

OHKOMapKepoB. TakMU XapaKTepUCTUKAMMU SIBJISI-
JINCh BBICOKU ypoBeHb akcnipeccun MUCI B omy-
XOJIEBBIX KJIETKAX B COUYETAHUM C HU3KUM YPOBHEM
9KCMPECCUM B 3M0POBBIX TKAHSX [4], MeMOpaHHast
JloKanau3aums [5], a Takxke HaJlu4yue OITyXOJib-CIIe-
HUGUIHBIX aHTUTEHHBIX 3MUTONOB [6, 7], BO3HU-
KaroIINX BCIEACTBUE aOEpPaHTHOTO IIMKO3MINPO-
BaHus Mosekyabl [8—10]. Kpome Toro, BbICOKMIA
ypoBeHb 3Kcrnpeccun MUCI Obi1 oOHapyXeH B
KJIETKaX pa3JnM4yHbIX TUNOB paka [11]. Takum obpa-
30M, UCTIOJIb30BAHWE TAHHOW MOJIEKYJIbI B KaUeCT-
BE MUILIEHHU ITO3BOJISUIO ITOJYyYaTh areHThI 15 JIeue-
HUS IIIMPOKOIO CIIEKTpa OHKOJIOTUUECKHUX 3a00J1e-
BaHuii. HakoHel, maeHTU(UKAIIMS B KPOBOTOKE

OHKOOOJIBHBIX COOCTBEHHBIX aHTUTET, a TAKXKE I~
TOTOKCUYECKUX T-TUMGOUMNTOB, cnelnuduIecku
B3aMMOJEHCTBYIOIINX C OIIYXOJb-aCCOLMUPOBAH-
Hoii popmoit MUCI, nana BO3MOXHOCTb CAeaTh
BBIBOJ, 00 MMMYHOT€HHOCTM JAHHON MOJIEKYJIbI
[1-3].

PesroMupyst BeIIIECKAa3aHHOE, MOXHO 3aKIIIO-
4uTh, uTo MosiekyJaa MUCI npencrapisiiach mpak-
TUYECKU UACATbHON MUILEHbIO IUISI UMMYHOTepa-
UM paka, T.K. obJiajana MoJIHbIM HabOpoM Xapak-
TEPUCTUK, ITO3BOJISTIOIINX MHAYLIMPOBATH MMMYH-
HBI OTBET, AEUCTBUE KOTOPOTO CITeU(MUIECKN
HAIIpaBJIEeHO Ha OITyXOJIEBble KJIETKU pPa3JIMYHbIX
COJIMIHBIX OITYXOJCH.
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MUCI B UMMYHOTEPAIINHN

HeunBa3uBHOCTD, HU3Kasi TOKCUYHOCTb, BBICO-
Kast 5p(PEeKTUBHOCTE... MIes MMMyHOTepaImin paka
OUYeHb OBICTPO HaOUpaja MoNyJsIpHOCTb, U MCCIIe-
noBaHus MosiekyJabl MUCI kak moTeHUMaIbHOIO
BaKLMHMPYIOIIETO areHTa IPOBOIMINUCH II0 BCEMY
mupy. Kaszamochk, ycrex maHHOro Meroga obOeclie-
YeH — OCTaBaJIOCh TOJIBKO MOJIYIUTh TAKOM TTeTITHI -
HBIN (pparMeHT, KOTOPHIN BBI3bIBAJ Obl UMMYHHBII
OTBET MCKIIOUNTEIHEHO Ha OITyXOJIEBbIE KJIETKU Op-
raHusma. B cBSI3u ¢ 3TUM IIPOBOAWJICS AKTUBHBII
MOUCK MOAXOASAIIMX MMMYHOT€HHBIX SIUTOIIOB:
HCCIENOBAIUCHh (DOPMBI IIMKO3WIMPOBAHUS OejIKa
B KJIETKaX pa3IM4YHBIX TUIIOB OIYXOJIEH U B 300PO-
BBIX KJIeTKax [5], u3ydasach KoHpopMalusi HOp-
MajJbHO M abOeppaHTHO TJIMKO3UJIMPOBAHHOTO
MUCI [12, 13], mpoBoamiIcsa aHaJIM3 U OTOOP BHI-
cokocreuruduuHbix aHtuTea [14—19].

W3zyuenue ctpoenuss MUCI1 u3HavyaabHO ObLIO
HaIIpaBJIEHO IIABHBIM 00pa30M Ha €ro BHEKJIETOY-
HBII TOMEH, T.K. IMEHHO OH IIPeICTaBIISIICS yI00-
HOI MUIIIEHbIO JUTI UMMYHOTepanuu. Hanbomeiee
BHMMaHUe ucciaenoBareseil Obl10 chOKyCHUPOBaHO
Ha 00J1aCTY TAHIEMHBIX IIOBTOPOB, HECYIIIEH NMMY-
HOTEHHBIC SIUTOMNLI. Tak, BHYTpH TaHHOI 00IacTu
ObUIM WASCHTUGULUMPOBAHBI MENTUIAHbIE MOTHUBBI
STAPPAHGV u APDTRP, ¢popmupyiomme BbICO-
KOMMMYHOTCHHBIE aHTMICHHBIC SIUTOILI, TIPEI-
CTaBJICHHBIE MCKITIOUUTENIFHO B OITyXOJIEBBIX KJIET-
Kax. Ha maHHBIe SIUTOIBI ObLT MOJYYEH PSII OITy-
xoJnp-agpecytomux anturen (BC2 [20], HMFGI1
[21], HMFQG?2 [22], SM3 [23], C595 [24], BCP9
[25]), 1 ObLIO MPOAEMOHCTPUPOBAHO, UTO JAHHBIE
aHTHUTEJIa CIOCOOHBI CBI3BIBATLCS TOJBKO C abep-
PaHTHO TJIWMKO3WJIUPOBAaHHEIMH (hOpMaMU TJIMKO-
npoteuaa [26].

B psine ucciaenoBaHuil ObLIO YCTAHOBJIEHO, YTO
171 HarOosee 3(pPeKTUBHOM IreHepalluyd aHTUTET
BaXKHOI XapaKTEpUCTUKON SBISIETCS HaJlIM4ue Y
aHTUTEHA YIJIEBOAHBIX KOMIIOHEHTOB. Bo-TepBhIX,
OBbLUIO YCTAaHOBJICHO, YTO TJIMKO3WJIMPOBAHUE ITEII-
TUIOB YBEIWYMBAET MX MMMYHOT€HHOCTb M CIIO-
COOHOCTB K CBSI3BIBAHMIO C aHTUTedaMu [27]. DTo
MPOUCXOIUT 3a CUET CTAaOMIM3aui KOH(pOopMaLun
Oenka, 4To IoMoraeT ()OPMUPOBAHUIO AHTHUICH-
HBIX 30UTONOB [28]. Bo-BTOPBIX, OBUIO MPOIEMOH-
CTPUPOBAHO, YTO JJIs1 OMYXOJIei XapaKTepHO HaJlu-
Yye Ha MIOBEPXHOCTU KJIETOK CIIeINMPUISCKIX TJIH -
KO3MIOB, IPaKTUIECKN OTCYTCTBYIOIINX Ha IIOBEPX-
HOCTH KJIETOK 3I0POBBIX TKaHel [29]. B yacTHOC-
TH, TaKue cCIelupuIecKre YyIiIeBOIHBIE KOMIIO-
HEHTHI (HaIlpuMep, OCTaTKA HeMpaMUHOBOM KHC-
JIOTBI) COACPKUT B 9KCTPALIEJUTIONSIPHOM 00J1aCTH 1
abeppaHTHO TIMKo3mInMpoBaHHbIiE MUCI u3 omy-
X0JieBBIX KJeToK [30]. B ¢cBsI3m ¢ 3TMM TIpu BEIOOpE
MULIeHU aJs1 paspadbotku MUCI-anpecyromux
areHTOB IPEAINOYTEeHNE OTIABaJIOCh INIMKO3UINPO-
BaHHOI ¢opme Oeaka [31]. bwum paspaboTaHbI
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CTpaTernu IMoay4eHUs MENTUI0B U3 00JIaCTH TaH-
neMHBIX TToBTOpoB MUCT 4yenoBeka, HECYIIMX Xa-
paKTepHBIe IS OIyXOJIeil YIIeBOAHbBIC TPYIIIILI, a
TakKe CIOocOoObl CO3MaHUs BaKIMH Ha UX OCHOBE
[32].

TPYATHOCTH U ITYTU UX ITPEOJO/JIEHUA

Hecmotpst Ha TO, YTO MOIXOISIIINIA ITO BCEM T1a-
paMeTpaM aHTUTeH OBbUI ITOJYy4YeH, OKa3ajoCh, 4TO
OH He CIIOCOOEeH MHAYLUUPOBATh NOCTAaTOYHYIO BbI-
pabOTKy MPOTHBOOITYXOJIEBBIX aHTUTEI. DTO OBLIO
MIPOJESMOHCTPUPOBAHO KaK Ha MBIIIMHBIX, TaK U Ha
yenoBeyeckux Moaeasix [33]. MHOXeCTBO TaHHBbIX,
IMOJIyY€HHBIX IIPA MCCICIOBAaHUM MEXaHU3MOB pa-
0OTBI UMMYHHOM CHCTEMEI, YKa3bIBaJIl HA HEO0X0-
JIUMOCTh KOPPEKTHOM MNpe3eHTalMU aHTUTCHOB
T-numdornraM Wil pa3BUTHUS TTOJTHOILIEHHOIO MM-
MyHHOTO oTBeTa [34—38]. TakMm 0Opa3oM, OCHOB-
HOI 3amadeil, BCTaBIICH Iiepel IpHUBEPKCHIIAMU
MUCI-HanpaBieHHOI MMMYHOTEpanuu, cTaja
HeoOXOJMMOCTb HalTU CHOCO0 HMCKYCCTBEHHOM
I €CTeCTBEHHOM TeHepalln T-KIIeTOK, PeleIITop
KOTOpPBIX OB Obl CITOCOOEH K BBICOKOCIIELM(PUU-
HoMy y3HaBaHMI0 onyxoynesoro MUCI.

HccnenoBanms B 3T0it 001aCTH IIPOBOIUINCH
110 IBYM OCHOBHBLIM HalIpaBJICHUSM. 3amada Iep-
BOTO HaIlpaBJICHUs COCTOSJIa B MOMCKE IMOAXOA0B
IIJISI eCTeCTBeHHOM reHepauuu T-numdouuToB. B
YaCTHOCTHU, pa3pabaThIBaJUCh CIIOCOOHI TOCTaBKU
B aHTUT€H-MPE3EHTUPYIOIINE KJIETKHU MEINTUIHOTO
¢parMeHTa WU KOOIMPYIOIIETO ero reHeTUIeCcKo-
ro MaTepuaja ¢ HeJIblo IOJydeHUs aHTUTCH-TIpe-
3EHTUPYIOIINX KJIETOK, 00JIafalolmnX BBICOKON
UMMYHOI'eHHOCTbIO. [losiBIeHre B KpOBOTOKE Ta-
LIMEeHTA TaKUX KJIETOK JOKHO OBLIO IPUBOIUTH K
CTUMYJISIIMU POCTa MOIyIsIuuy T-TMM@OOLINTOB,
CIOCOOHBIX K Y3HABAaHUIO U JIMMUHAIIUU OITYXO-
JIEBBIX KJIETOK, HECYIIUX IPE3eHTUPYEMbIIA aHTH-
I'CH.

3agaya BTOpPOIro HaIlpaBJeHUs 3akjiodanach B
HUCKYCCTBEHHOU TreHepauuu T-1MMGOLUTOB, MU-
Hy$ 9Tall IIpe3eHTallMy aHTUTEHA, 3 IMEHHO B CO3-
JaHuM s T-KJIeTOK TaKWX XMMEPHBIX pelelTo-
pOB, KOTOpBI€ H3HayaJbHO OO0JagarT BBICOKOM
CeIMMUIHOCTBIO K OITyXOJIb-aCCOLMMPOBAHHOMY
MUCI.

Pesynbrathl nesiTeTbBHOCTY HAyIHBIX TPYII, pa-
OoTaloIMX 10 000MM HaIlpaBJI€HUSIM, HE 3aCTaBU-
JIK ce0s XKaaTh. bblin pa3padoTaHbl JUIIOCOMAJIb-
Hble MeNTUAHbIE BaKLMHBI [39], mpemioxXeHbl Me-
TOABI JOCTABKU MENTUAOB B aHTUTE€H-TIPE3EHTUPY-
forne Kinetku [40—42]. HakoHen, OB MOTyYeHBI
T-nmuMbonunTH, copepXalinue XUMEpPHBIE PeleHTO-
pBl, CITIOCOOHBIE K y3HaBaHMIO onyxojiesoro MUCI.
s KOHCTpYHMpOBaHMSI TaKHUX PELIENITOPOB B OC-
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HOBHOM HUCHOJIb30BaJIM (DparMeHThI BEICOKOCIIEIH-
(UYHBIX aHTUTEJI, TIOJTYIEHHBIX IIPU UCCIICI0BAHUH
aHTUreHHbIX pazanuuii mexay MUCI u3 onyxose-
BOI U HOpMaJIbHOM TKaHel [43].

K 2013 r. Ha cTanuy KIMHAYECKUX MCCIeI0Ba-
HUI Haxoawiioch 6onee 10 mMMyHOTepameBTUIEC-
Kkux cpencts Ha ocHoBe MUCI, u Kaxaoe U3 HUX
HMMEJIO IPEAIIOCHIIKY CTaTh HOBOM BaKIIMHOM ITPO-
TUB paka [44]. JleiicTBUEe TeCTUPYEeMBIX IIperapa-
TOB OBUIO HAIIpaBJICHO IIPOTUB pakKa MOJIOYHOM
xene3bl [45—48], merkoro [49—54], momkenynod-
HOI XeJyie3bl [55, 56], mpencraTebHOR Kee3bl
[57], suuaukoB [47, 58] wim KapuUMHOMBI HMOYKU
[59, 60]. JleiicTBue GoOJbIlER YacTU MPELTOXKEH-
HBIX IIpeIapaToB OCHOBBIBAJIOCH Ha aKTUBHOM MH-
IYKIINY €CTECTBEHHOI0 MMMYHHOTO OTBeTa. Tak,
CpeIy areHTOB [IJisi aKTUBHOM MMMYHOTEpanuu
obutn mpenctabieHbl JIHK-Bakuunaber (TG4010)
[49, 50, 57, 60], PANVAC-VF [47], PHK-Bak1uu-
HbI [59], nentuaHble BakuuHbl (MUCI, KOHBIOTM-
POBAHHBIN C OKUCIIEHHBIM MaHHaHOM [45], BLP25
[51—54]), a Takke KJIeTOYHbIE BAKIIMHBI (IEHAPUT-
Hble KJeTkH, HarpyxeHHbie MUCI1 [55, 56]; Mo-
HOHYKJIeapHble JIUMMOLUTH IlepudeprudecKoit
KpOBU, CTUMYIMpoBaHHBIe Mpu Tmomoimu MUCI
[46]; CD4"-T-1uM@OLUTH, CTUMYJIUPOBAHHBIE
MUCI u IL10 [58]). KpoMe Toro, Ha cTaguu KJIM-
HUYECKUX UCCIeAOBaHNI HaXOAWJIUCH TIperapaThl
IIJIsI TACCUBHOM MMMYHOTEpaIlui — aHTUTeNa, CIIe-
nuduyeckn B3ammogelictByomue ¢ MUCI n
VHUUTOXAIOIINE OIYyXOJIEBbie KIJICTKU ITOCpEe-
CTBOM Da3BUTHUS AHTUTEIO3aBUCUMOMN KIJIETOYHOM
oUTOTOKCMYHOCTH [48]. Takum o6pa3om, TeparieB-
TUUYECKHME CpeACcTBa ObUIM pa3paboTaHbl B paMKax
KaXXJ0ro U3 CYILIECTBOBABIIIMX B TO BpeMsI HarlpaB-
nennii MUCI-omocpenoBaHHOI Tepanuu paka
(puc. 1) [61].

TAKAA YK <UAEAJIBHASL» MUIIIEHB?

B 2017 r. Ob11 OTMEUEH BCILJIECK MHUIIMMPOBAH-
HBIX KIMHUYECKMX MCCIECIOBAaHUII MMMYyHOTEpa-
nesTudeckux cpencts Ha ocHoe MUCI [62]. On-
HaKO HaKOIUIEHHasI K TOMY BpeMeHU nHGOpMaIs
0 CTPOEHUM JAaHHOTI'O IIMKOIPOTEN1a YKa3biBajaa Ha
HaJIM4ye psifa XapaKTepUCTHUK, MeIAaioIINX 3Ty MU-
LIEHb YK€ HE CTOJIb MPUBJIEKaTeIbHOU (puC. 2).

Bo-nepBbix, MUCI1 MoXeT cylIiecTBOBaTh B BU-
IIe pa3IMYHBIX M30(OpPM, HACUUTHIBAIOIIMX K HAC-
TOSIILIEMY BpPeMEHU HECKOJBKO JecaTKoB [63]. He-
KOTOpPBIE M3 3TUX M30(POpM HE coaepxkaT o0JacTh
TaHAEMHBIX ITOBTOPOB, HECYIIMX MMMYHOTE€HHBbIE
aHTUTEHHBIE OeTepMUHAHTHI [64, 65]. Takue uzo-
¢GopMBI BCTpedaroTcs IIpM pake IpeacTaTeIbHOI
>KeJie3bl, MOJIOYHOM 3KeJie3bl U SIMYHUKOB [66—68].
[IpucyrcTBUE TaHHBIX U30DOPM JeIaeT HEBO3MOXK-

CbIPKMHA, PYBLIOB

HOW TepalMio ¢ OMOIIbIO areHTOB, NEMCTBUE KO-
TOPBIX HampaBJIeHO Ha MMMYHOTS€HHBIE SITMTOIIBI
00J1aCTH TaHIEMHBIX TIOBTOPOB.

Bo-BTOpBIX, HECMOTpS Ha TO, YTO abeppaHTHOE
rmmko3mpoBanue MUC] 1oBoIbHO Y4acTo BCTpe-
YaeTCcs IPU OHKOJIOTUYECKMX 3a00JIeBaHUSIX, Y JaH-
HOTO MIMKOMPOTENJa He CYIIeCTBYeT YHUBEPCATb-
HOTO TJIMKO3WIHOTO Mpoduisi, XapaKTepHOIo I
pa3IMYHBIX TUIIOB paKa.

HeBo3MOXHO Tak:Ke MTHOPHUPOBATh TOT (DaKT,
YTO OMYXOJIEBbIE KJIETKU CITOCOOHBI KCITPECCUPO-
BaTh Heckonbko popm MUCI ¢ pa3nnmyHbBIM TaT-
TEPHOM TJIMKO3WJINPOBaHMS. DTO OBLIO IIPOAECMOH-
CTPUPOBAHO [IJII HEOIJIa3Uil MOMKETYIOUYHON Xe-
JIe3bl [69], KaplIMHOM BHYTPUIIEYCHOYHOTO KEI4-
Horo mpoToka [70], BHEIIEUeHOUYHOTO >KEITYHOTO
npotoka [71], xenynka [72] U MOJTOYHOM Kejae3bl
[73]. B yacTHOCTH, OBLIO MOKA3aHO, YTO KJIETKU pa-
Ka MOJIOUHOI Xene3nl T47D skcrnpeccupyroT BEICO-
kornukosmwmpoBaHHei MUCI1, y KOTOpOoro mm-
MYHOJZOMMWHAHTHBIEC OITyXOJb-aCCOLUMPOBAHHEIE
SIUTOIBI MAaCKHUPOBAHbI INIMKO3UIHBIMU OCTaTKa-
MU [74]. BBICOKMIT ypOBeHb BKCIPECCUM IIOJI-
HOCTBIO TJIMKO3WJIMPOBAHHOTO MYLIMHA TaKKe ObLT
00HapyXeH IPU MPOrpecCUPYIOIINX CTAAUSIX paka
U B paliloHaX MeTacTa3upoBaHus [73].

OmHako, KaK yxXe YIOMHWHAJIOCh BBIIIE, JOKa-
3aHHBIN (paKT cTabMIM3aK KOH(MOPMAaIlUK U YBe-
JIMYEHUSI UMMYHOT€HHOCTU aHTUT€HHBIX ITUTOIIOB
TP HAJIMYMU B MX COCTaBE INIMKO3UIHBIX OCTATKOB
[28] wHmyuupoBan pa3paboTKy MPOTUBOOIYXOJIe-
BBIX ar€HTOB Ha 0a3e YaCTUYHO TJIMKO3UIUPOBAH-
Horo MUCI.

Hamraue pa3zHO0Opa3HBIX ITATTEPHOB IIMKO3M-
JIMPOBAHUS TIPU Pa3IMIHBIX OHKOJIOTUUYECKMX 3a-
0oJIeBaHUSIX MOXET MPUBOIUTH K CYIIECTBEHHOMY
CYKEHUIO CIIeKTpa IeicTBUS 1 3P GEeKTUBHOCTH Ta-
KMX areHToB. JlelCTBUTENbHO, 3asBICHHOE
NeCTBME TpernapaToB, MPOXOASAIIMX B HACTOSILEE
BpeMsI KJIMHUYECKME MCCIIeIOBaHMSI, HAIIPaBICHO
Ha 60pbOY TOJIBLKO C OAHUM TUIIOM OHKOJIOTMYECKO-
ro 3a0o0yieBaHMs B KaXI0M citydae [45—60].

B-tpetbux, MUCI npencraBnsier coboii rere-
pomumep. Ero N-xoHIiieBas (3KCTpale/UTIoISIpHAasT)
cyobenuuuna (MUCI-N), Hecywiash BaxXHble IJIsI
WMMYHOTEpanuy aHTUT€HHbIE JeTEPMUHAHTHI, He-
KOBaJICHTHO CBsi3aHa ¢ C-KOHIIEBOM (LIMTOILIa3Ma-
tnyeckoit) cyorenuautieii (MUC1-C) [76]. B omn-
peaeeHHBIX YCIIOBUSX (B YaACTHOCTH, MO TEICTBH -
eM IUTOKUHOB, Takux Kak [FN-y, TNF-a) mpouc-
XOOUT akKTuBaums Mmerauiomporeas, 1 MUCI-N
MOXET CcOpachiBaThCSI C TMOBEPXHOCTH KJIETKH
[77—79], nemackupys cyorenuuuiyy MUC1-C, BbI-
MTOJIHSTIONIYIO PETYIITOPHYI0 (PyHKIMIO. TakuMm 00-
pa3oM, MapKep YOalIsieTCs ¢ TTOBEPXHOCTU KIICTKU.
DTO 3aTpyaHSIET UCIIOJb30BaHUE B TEpAIUM aapecy-
IOIIMX areHTOB.
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- MUC1-cneynduyeckoe aHTuTeno unu
TepaneBTMYeCKUiT areHT NaccHBH oI
MMMYHOTEpanuu, Co3AaHHbIii Ha ero oCHoBe

- aKTWBUPOBaHHbIe T-NUMBOLMTEI, MCKYCCTBEHHO
nonyyeHHsle (CAR-T) unu nonyueHHsle

B pesynsTarte B3aMMOAEHCTBUA C aHTUreH-
Npe3eHTUPYHOLLEI KNeTKON, HeCYLei aHTUreH Ha
ocHoee MUC1

- BbICOKOrNMKO3UNMpoBaHHei MUC1
13 310 POBbIX KNETOK

- abeppaHTHO rnnko3nnupoBeanHbit MUCT u3
ONYX0NEeBbIX KNETOK, HECYLLIA aHTUIE€HHbIE 3NUTO MBI
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Puc. 2. Cpoiicta myurHa MUCI yenoBeka, 3aTpyaHsIIoIIMe pa3paboTKy MPOTUBOOYXOJEBbIX BaKIIMH

Tem He MeHee clleayeT OTMETUTb, UTO CYILECT-
BYIOT IIpemnapaThl, UCITOJIb3YIOIINE B KAYEeCTBE MHU-
IIIEHU SIIMTOIIbI, pacliojiarallurecsl BHE 00JacTu
TaHJAEeMHBIX MOBTOpPOB. Hanmpumep, B cocTaB BaKI1-
HBl ImMucin Bxogut curHanbHbIi nentug MUCI
[80]. Kpome Toro, akTUBHOE MCCIeA0BAaHUE PETyJIs-
TopHoii cyobenuHuubl MUCI-C, BeposiTHO, Tipe-
JIOCTaBUT BO3MOXHOCTb i1 €€ MCIOJIb30BaHMS B
KayecTBe MuiieHr. OMHAKO HAa HACTOSIIITNI MOMEHT
CYILIECTBYIOT TOJBKO TENTUAHBIE WHIUOUTOPHI
¢dynkumit MUCI-C [81], HO He areHTHI 111 UMMY-
HOTepamuu.

TakuM o0Opa3oM, BCe BHIIICIICPEINCICHHBIC
npoOJeMbl, XOTSI U MPEIMSATCTBYIOT pa3pabOTKe Bbl-
CcOK03(h(PEeKTUBHOTO IMPOTUBOOITYXOJIEBOTO areHTa
IIMPOKOTO CIIEKTpa IECHCTBUSI, HO HE MEIIAIOT CO3-
JMaHUIO TpernapaToB, CIIOCOOHBIX K 3AMMMHALIMU
OITYXOJIEBBIX KJIETOK HEKOTOPBIX OIpeaeeHHBIX
TIIoB paka. OmHako, K coxanenuto, MUCI taut B
cebe ele omHy, Oosee CYIIECTBEHHYIO, YIPO3y IS
BO3MOXHOCTU MCITOJIb30BaHUS €ro B Ka4eCTBE MU-
LIeH! JUISI UMMYHOTEepaIiuy paka.

BUOXUMUA Ttom 84 BeII. 7 2019

OCHOBHA{ ITPOBJIEMA |
MUC1-OIIOCPEJOBAHHOU
NMMYHOTEPAIINUN PAKA

OpnHoli U3 Hauboyiee 3HAUMMBIX TIPOOJIEM MM-
MYHOTEpaIMyd B HEJIOM SIBIISIETCSI MMMYHOCYIIpeC-
cus. [TpuunHbBI MogaBAeHUS] UMMYHMTETA MPU pas3-
BUTHUM OHKOJIOTMYECKUX 3a00JIeBAaHUIA B HACTOSIIIEE
BpeMsI aKTMBHO HM3y4daloTcs. B yacTtHocTH, mpome-
MOHCTPUPOBAHO BIVSIHUE HA Pa3BUTHE UMMYHHOTO
OTBeTa MUKPOOKPYXXEHUs oImyxoju [82], a Takke
BBISIBJIEH Psli CUTHAJbHBIX MyTel, MCITOJIb3YeMBbIX
OITyXOJIEBEIMM KJIETKaMM IJIsSI ITIOJABIICHUSI €CTEeCT-
BeHHoro mmMmyHureta [83]. HakoruieHue JaHHBIX
00 OCHOBHBIX YYaCTHUKaX MeXaHM3Ma UMMYHOCYII-
peccuu 3a4acTyio IIPUBOAUT K YCIOXHEHHUIO COCTa-
Ba BaKki[MH, T.K. YKa3bIBa€T Ha HEOOXOAMMOCTH
BKJIIOYEHMST JOTOJHUTENbHBIX areHTOB — WUMMY-
HOCTUMYJIUPYIONIUX (HAIIpUMep, KOCTUMYJSTOP-
Has monekyna B7.1 [84]) wim GI0KUPYIOIIUX MM-
MyHocympeccuto (Takux kak aHTU-CTLA-4 [85]
wi autu-I1L-10 [86]).
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Opnako B ciyyae MUCI-onocpenoBaHHO
WMMYHOTEpAIINM KPUTUIHBIM SIBJISICTCSI Y4aCcTUE B
Pa3BUTUM MMMYHOCYIIPECCUM CaMOTO MyIMHA —
cBs3biBaHue Mosiekysl MUCT y3HamIIUMMuy areHTa-
MU MOXET MPUBOIUTH K IIOJABICHUIO Pa3BUTHUS
nMMyHHOTO oTBeTa [87]. Takum obOpaszoM, «ume-
ajbHas» MUIIEHb MMEET HEOUYEBMIHBINM HeIOoCTa-
TOK, 2 UMEHHO IIPUCYTCTBHE HA IMMOBEPXHOCTU aK-
TUBUPOBAHHBIX T-TMM@OLUTOB BHE 3aBUCUMOCTH
OT HaJIMuusl OHKOJIOrMYecKoro 3abosieBaHus [88].
Brnepsrie 3T0 ObLJ1I0 0OHapykeHO okoJjio 20 JeT Ha-
3an, kornra MUCI 6511 yXe HOCTaTOYHO XOPOIIIOo
U3y4eH, U ObUIM pa3paboTaHbl MEPBBIC IMPOTUBO-
OITyXO0JieBbIe areHThl Ha ero ocHoBe. [Tozxkxe MUCI1
ObLT TakKe MACHTU(UIIUPOBAH Ha JEHAPUTHBIX
KJIeTKax, B-nmumdornnrax, HOpMaJbHBIX KUJUIepax
U CTBOJIOBBIX KJIETKaX KPOBU KOCTHOI'O Mo3ra [89].
OnHako JaHHBIM paboTaM He YIeJISI0Ch TOJKHOTO
BHUMaHUS. OTHUM 13 OCHOBHBIX apITYMEHTOB IIPH-
BepxkeHlieB MUCI-omocpenoBaHHON MMMYHOTE-
panuu, IpUBEeAEHHbIM Yepe3 5 JIeT mocjie ooHapy-
xeHust T-xierounoro MUCI, ObU1 HU3KUI ypoO-
BEHb DJKCIIPECCUM MOAaHHOTO TJIMKONpOTEeuIa B
T-nuMmdonnuTax Mo cCpaBHEHUIO C HU3OBITOYHBIM
ypoBHeM MUCT B ontyxoneBbix KiaeTkax [90]. Kpo-
M€ TOTO, Pe3yJbIaThl UCCIEIOBAaHUI MEXaHU3MOB
paboOThl UMMYHOCTUMYJIHMPYIOIINX W OJOKHPYIO-
IIAX UMMYHOCYITPECCHIO MOJIEKYJT TaBaid HaJIeXK Iy
Ha CKOpoe pellleHre Mpo0JieMbl UMMYHOTOJIEPaHT-
HocTu. BcememcrBue sToro pa3paOOTKM HPOTHBO-
OITyXx0J1eBbIX BakIIMH Ha ocHoBe MUC Ob111 mpo-
JIOJIKEHBI.

B T0 ke BpeMs IpomozKaauch MCCISIOBAHUSI
T-xmerounoro MUCI, u Bckope 1151 Hero Obuia
MPOJEMOHCTPHUPOBaHA CITOCOOHOCTD CBSI3BIBATHLCS C
aHTUTEJIaMU, MOJyYeHHBIMUA Ha aOeppaHTHO IJIH-
KO3WJIMPOBAHHBIE  OITYXOJIb-aCCOLIMMPOBAHHEIS
¢dopmbl Oenka. bonee Toro, ObUIO MOKa3aHO, YTO
CBSI3bIBAaHME TaKUX aHTUTEJ C MOJIEKYJIOM MyIMHA
nomasisieT nponudepannio T-muMmdormtos [87].
Takke OBLIO YCTAHOBJEHO, YTO AKTMBHUPOBAHHbBIE
CD4"-T-aumdoLMTh CITIOCOOHBI BBICTYIIATh B PO-
JIM aHTUTEeH-TIPE3CHTUPYIOMMX KJeToK. st Hux
OblIa TPOIEMOHCTPUPOBAHA CITOCOOHOCTD K 3aXBa-
Ty aHTUTEHA OT aHTUTEH-TIPE3eHTUPYIOIINX KJIETOK
U €ro MOTIJIOIIEHUI0 BMECTE C MOJIEKYJIaMU OCHOB-
HOTro KoMiuiekca rucrocoBmectumoctu (MHC).
IIpe3enTanus akTMBMPOBaHHBIMUY T-KJIeTKaMU aH-
TUIe€Ha JJIs1 aKTUBUPOBaHHBIX T-11MMOOIIUTOB MpU-
BOJIWT K aHepruM uim anonrto3y T-xierok [91]. 1o
BCEl BUOMMOCTH, 3TO SIBISIETCSI OOHUM M3 MeXa-
HU3MOB, OJIOKMPYIOIIMX pa3BUTHE ayTOMMMYHHBIX
peaKuuvii, 1 B TO XK€ BpeMsI — KpallHE HEXEIaTe b-
HBIM OOCTOSITEJILCTBOM B CIy4ac MMMYHOTEPAIIHM.
K coxanenuio, poab MoJieKyasl MUCI B (pyHKLIMO-
HUpoBaHUM T-KJIETOK K HACTOSIIEMY MOMEHTY OC-
TaeTcs 10 KOHIIA He BBIICHEHHOM. OTHAKO aHaIu3

CbIPKMHA, PYBLIOB

AMUHOKMCJIOTHOM MOCJIEA0BATEIbHOCTU LIMTOILIA3-
MAaTHUYECKOI'O TOMEHA BBISIBIJI HECKOJIBKO MEITHI-
HBIX MOTHBOB, KOTOpPbI€ ITOTEHIIMAIHHO MOTYT Y3-
HaBaThCs PEryJSITOPHBIMU BHYTPUKJIETOYHBIMU
MoJieKyiamu, rpennosarag yyactue MUCI B nm-
MyHoperysiauu [92].

C yBepeHHOCTbIO Ha JaHHBIE MOMEHT MOXHO
cKazaTb TOJBKO ogHO — Mosekyida MUCI mpen-
CTaBJIsIET COOOI BaKHEMINUIA PEryjsiTop, AEUCTBY-
IOIIMI HE TOJBKO Ha KJICTOYHOM ypOBHE, HO 1 Ha
YpOBHE opraHu3Ma B 1ieJioM. Bo3aMoxkHO, nanbHeii-
LIMe UCCAeA0BaHuUs ee (DyHKIIMI, B T.4. POJIM B pa3-
BUTHUM MMMYHHOTO OTBETa, JACT KJIIOY K ITOHMMAa-
HUIO IPUYMH BO3HMKHOBEHMSI UMMYHOCYIIPECCUU
IPU IIPOrPECCUPOBAHUM OHKOJOTUYECKUX 3a00JIe-
BaHMI Y ITO3BOJIUT CYIIECTBEHHO IPOIBUHYTHCS B
pa3paboTKe MPOTUBOOITYXO0JIEBEIX UMMYHOTEpaIIeB-
TUYECKUX CPEACTB.

HeranpHble uccnemopanus MmyunHa MUCI ge-
JIoBeKa IPOJAEMOHCTPUPOBAIM, UTO €ro 3KCTpa-
LIeJUTIONIsIpHasl obJlacTh, OOJiamarolasi, Kak Kasa-
JIOCh paHee, BCEMU XapaKTePUCTUKAMM <«HIIEaThb-
HOIl» MUIIEHHW UISI MMMYHOTEpAIMy OHKOJIOTH-
yecKux 3a00jieBaHUM, B IEWCTBUTEILHOCTU HE SIB-
JsieTcsl TakoBou. PazHooOpa3Hble MaTTepHbI IJIU-
KO3MJIMPOBAHUS B KJIETKAX Pa3JIMYHBIX TUIIOB OITY-
XoJieil, Hamnure n3o¢opM OefKa ¢ peaylupoBaH-
HBIM 2KCTpaleJUTIOJISIPHBIM JTOMEHOM, cOpachiBa-
HHUE DKCTPale/UIIOISIPHOTO IOMEHAa C KIIETOYHON
MOBEPXHOCTU — Bce 3To IpeBpamaer MUCI B yc-
KOJb3alolylo MulllieHb. K HacTosieMy MOMEHTY
MBI UMEEM, C OTHOM CTOPOHBI, PSA ITPOXOMSIIINX
KJIMHUYECKNE HCITBITAHWS HPOTHUBOOITYXOJIEBBIX
BaKILWH, CTUMYJIVPYIOIINX Pa3BUTHE WMMYHHOTO
otrBeta HAa MUCI-3kcnpeccupyronine KiIeTKu He-
KOTOPBIX TUIIOB pakKa, a ¢ IPYroil CTOPOHBI — pe-
3yabTaThl 20-JETHUX HCCIeNOBaHWI, YKa3bIBaloO-
mue Ha npucyrctBue Mojekyiasl MUCI omyxode-
BOTO THUIIA HAa aKTUBUPOBaHHBIX T-muMdponurax u
€e yJacTue B IOJABJICHUU PAa3BUTHS MMMYHHOTO
oTBeTa. Bce 3TO HAaBOOUT Ha MBICIL O TOM, UYTO
MUCI-omocpeqoBaHnHasg MMMYHOTepaInusl paka
KaK ITOAXOJ B HACTOSIIIICE BpeMsI IIEPEKMBACT IIepe-
JIOMHBIII MOMEHT. B TO ke BpeMsl poyib JaHHOIO
[JIMKOIIPOTeUAa B pa3BUTUU UMMYHOTOJIEPAaHTHOC-
TH BCE €Ille OCTAeTCsS IO KOHIIA HE BBISICHCHHOI.
M He CcTOUT MCKIIOYATh BEPOSITHOCTH TOTO, YTO
JNaJibHeHIIe UCCAeA0BaHUS OTKPOIOT BO3MOXKHOC-
TH uctosib3oBaHus MoJieKynsl MUCI mis ocytect-
BJIICHUSI TOHKOM PEryIsiliy aKTUBHOCTH MMMYH-
HOI CHUCTEMBI IIPH TE€paliy OHKOJOTMYECKUX 3a-
0oJieBaHUM.

®unancuposanue. Pabora BeInosTHeHA NpU U~
HaHcoBoI Togaepxke Poccuiickoro (ponma ¢pyHa-
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CoOJlonenne 3THYECKHMX HopM. Hacrtosiias

CTaTbsi HE COACP2KUT OIIMCaHMA BBIITOJIHCHHBIX aB-
TOpaMH WCCIIEA0BaHUM C ydqyacTuem JIIOJIe WU UC-
M0JIb30BaHUEM KUBOTHBIX B KAUECTBE OOBEKTOB.

CITMCOK JIMTEPATYPHI

Jerome, K.R., Barnd, D.L., Bendt, K.M., Boyer, C.M.,
Taylor-Papadimitriou, J., McKenzie, I.E, Bast, R.C., Jr,
and Finn, O.J. (1991) Cytotoxic T-lymphocytes derived
from patients with breast adenocarcinoma recognize an
epitope present on the protein core of a mucin molecule
preferentially expressed by malignant cells, Cancer Res.,
51, 2908—2916.

Berd, D., Maguire, H.C., Jr, McCue, P., and Mastrangelo,
M.J. (1990) Treatment of metastatic melanoma with an
autologous tumor-cell vaccine: clinical and immunologic
results in 64 patients, J. Clin. Oncol., 8, 1858—1867, doi:
10.1200/JC0O.1990.8.11.1858.

Ioannides, C.G., Fisk, B., Jerome, K.R., Irimura, T.,
Wharton, J.T., and Finn, O.J. (1993) Cytotoxic T cells
from ovarian malignant tumors can recognize polymorphic
epithelial mucin core peptides, J. Immunol., 151,
3693—-3703.

Apostolopoulos, V., Pietersz, G.A., and McKenzie, I.E (1999)
MUCI and breast cancer, Curr. Opin. Mol. Ther., 1,98—103.
Taylor-Papadimitriou, J., Burchell, J., Miles, D.W., and
Dalziel, M. (1999) MUCI and cancer, Biochim. Biophys.
Acta, 1455, 301-313, doi: 10.1016/S0925-4439(99)00055-1.
Ho, S.B., Niehans, G.A., Lyftogt, C., Yan, P.S., Cherwitz,
D.L., Gum, E.T., Dahiya, R., and Kim, Y.S. (1993)
Heterogeneity of mucin gene expression in normal and
neoplastic tissues, Cancer Res., 53, 641—651.

Hull, S.R., Bright, A., Carraway, K.L., Abe, M., Hayes,
D.F, and Kufe, D.W. (1989) Oligosaccharide differences
in the DF3 sialomucin antigen from normal human milk
and the BT-20 human breast carcinoma cell line, Cancer
Commun., 1, 261-267.

Brockhausen, I., Yang, J.M., Burchell, J., Whitehouse, C.,
and Taylor-Papadimitriou, J. (1995) Mechanisms underly-
ing aberrant glycosylation of MUCI mucin in breast can-
cer cells, FEBS J., 233, 607—617, doi: 10.1111/j.1432-
1033.1995.607_2.x.

Lloyd, K.O., Burchell, J., Kudryashov, V., Yin, B.W., and
Taylor-Papadimitriou, J. (1996) Comparison of O-linked
carbohydrate chains in MUC-1 mucin from normal breast
epithelial cell lines and breast carcinoma cell lines.
Demonstration of simpler and fewer glycan chains in
tumor cells, J. Biol. Chem., 271, 33325—33334, doi:
10.1074/jbc.271.52.33325.

Burdick, M.D., Harris, A., Reid, C.J., Iwamura, T., and
Hollingsworth, M.A. (1997) Oligosaccharides expressed on
MUCI produced by pancreatic and colon tumor cell lines,
J. Biol. Chem., 272, 24198—24202, doi: 10.1074/jbc.272.
39.24198.

Heyderman, E., Steele, K., and Ormerod, M.G. (1979)
A new antigen on the epithelial membrane: its immunoper-
oxidase localisation in normal and neoplastic tissue, J. Clin.
Pathol., 32, 35-39.

Price, M.R., and Tendler, S.J.B. (1993) Polymorphic
epithelial mucins (PEM): molecular characteristics and
association with breast cancer, Breast, 2, 3—7, doi:
10.1016/0960-9776(93)90028-E.

Apostolopoulos, V., Chelvanayagam, G., Xing, P.X., and
McKenzie, I.LEC. (1998) Anti-MUCI antibodies react

BUOXUMUA Ttom 84 BeII. 7 2019

14.

15.

16.

17.

18.

20.

21.

22.

23.

24.

25.

directly with MUCI peptides presented by class I H2 and
HLA molecules, J. Immunol., 161, 767—775.

Davies, G.M., Bosze, S., Hudecz, E, Price, M.R., and
Tendler, S.J. (1994) Characterisation of a recombinant Fv
fragment of anti-MUCI1 antibody HMFG1, Cancer Lett.,
82, 179—184, doi: 10.1016/0304-3835(94)90009-4.
Ordonez, N.G. (1997) The value of antibodies 44-3A6,
SM3, HBME-1, and thrombomodulin in differentiating
epithelial pleural mesothelioma from lung adenocarcino-
ma: a comparative study with other commonly used anti-
bodies, Am. J. Surg. Pathol., 21, 1399—1408.

Price, M., Petrakou, E., Sekowski, M., and Murray, A.
(1997) Immunogenicity of the hydrophilic region of the
MUCI mucin protein core, Oncol. Rep., 4, 337—339, doi:
0.3892/0r.4.2.337.

Denton, G., Brady, K., Lo, B.K., Murray, A., Rosamund,
C., Graves, L., Hughes, O.D., Tendler, S.J., Laughton,
C.A., and Price, M.R. (1999) Production and characteri-
zation of an anti-(MUCI1 mucin) recombinant diabody,
Cancer Immun. Immunother., 48, 29—38, doi: 10.1007/
$002620050545.

Murray, A., Sekowski, M., Spencer, D.I., Denton, G., and
Price, M.R. (1997) Purification of monoclonal antibodies
by epitope and mimotope affinity chromatography,
J. Chromatogr. A, 782, 49—54, doi: 10.1016/S0021-
9673(97)00674-2.

Petrakou, E., Murray, A., and Price, M.R. (1998) Epitope
mapping of anti-MUC1 mucin protein core monoclonal
antibodies, Tumour Biol., 19, Suppl 1, 21-29.

Xing, P.X., Prenzoska, J., and McKenzie, I.LE (1992)
Epitope mapping of anti-breast and anti-ovarian mucin
monoclonal antibodies, Mol. Immunol., 29, 641—650, doi:
10.1016/0161-5890(92)90201-8.

Taylor-Papadimitriou, J., Peterson, J.A., Arklie, J.,
Burchell, J., Ceriani, R.L., and Bodmer, W.E (1981)
Monoclonal antibodies to epithelium-specific components
of the human milk fat globule membrane: production and
reaction with cells in culture, Int. J. Cancer, 15, 17-21.
Epenectos, A.A., Canti, G., Taylor-Papadimitriou, J.,
Curling, M., and Bodmer, W.E (1982) Use of two epitheli-
um-specific monoclonal antibodies for diagnosis of malig-
nancy in serous effusions, Lancet, 2, 1004—1006, doi:
10.1016/S0140-6736(82)90047-2.

Granowska, M., Mather, S.J., Jobling, T., Naeem, M.,
Burchell, J., Taylor-Papadimitriou, J., Shepherd, J., and
Britton, K.E. (1990) Radiolabelled stripped mucin, SM3,
monoclonal antibody for immunoscintigraphy of ovarian
tumours, Int. J. Biol. Markers, 5, 89—96, doi: 10.1177/
172460089000500208.

Price, M.R., Pugh, J.A., Hudecz, E., Griffiths, W., Jacobs,
E., Symonds, I.M., Clarke, A.J., Chan, W.C., and
Baldwin, R.W. (1990) C595 — a monoclonal antibody
against the protein core of human urinary epithelial mucin
commonly expressed in breast carcinomas, Br. J. Cancer,
61, 681—686, doi: 10.1038/bjc.1990.154.

Xing, P.X., Apostolopoulos, V., Pietersz, G., and
McKenzie, I.E. (2001) Anti-mucin monoclonal antibo-
dies, Front. Biosci., 6, D1284—D1295.



992

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

CbIPKMHA, PYBLIOB

Burchell, J., and Taylor-Papadimitriou, J. (1993) Effect of
modification of carbohydrate side chains on the reactivity
of antibodies with core-protein epitopes of the MUCI1 gene
product, Epithelial Cell Biol., 2, 155—162.

von Mensdorff-Pouilly, S., Petrakou, E., Kenemans, P.,
van Uffelen, K., Verstraeten, A.A., Snijdewint, EG., van
Kamp, G.J., Schol, D.J., Reis, C.A., Price, M.R.,
Livingston, P.O., and Hilgers, J. (2000) Reactivity of natu-
ral and induced human antibodies to MUCI mucin with
MUCI peptides and N-acetylgalactosamine (GalNAc)
peptides, Int. J. Cancer, 86, 702—712.

Karsten, U., von Mensdorff-Pouilly, S., and Goletz, S.
(2005) What makes MUCI a tumor antigen? Tumour Biol.,
26, 217—-220, doi: 10.1159/000086956.

Grinstead, J.S., Koganty, R.R., Krantz, M.J.,
Longenecker, B.M., and Campbell, A.P. (2002) Effect of
glycosylation on MUCI1 humoral immune recognition:
NMR studies of MUCI glycopeptide-antibody interac-
tions, Biochemistry, 41, 9946—9961, doi: 10.1021/
bi012176z.

Dohi, D.E, Sutton, R.C., Frazier, M.L., Nakamori, S.,
Mclsaac, A.M., and Irimura, T. (1993) Regulation of sialo-
mucin production in colon carcinoma cells, J. Biol. Chem.,
268, 10133—10138.

Lakshminarayanan, V., Thompson, P., Wolfert, M.A.,
Buskas, T., Bradley, J.M., Pathangey, L.B., Madsen, C.S.,
Cohen, PA., Gendler, S.J., and Boons, G.J. (2011)
Immune recognition of tumor-associated mucin MUCI is
achieved by a fully synthetic aberrantly glycosylated MUC1
tripartite vaccine, Proc. Natl. Acad. Sci. USA, 109,
261-266, doi: 10.1073/pnas.1115166109.

Westerlind, U., and Kunz, H. (2011) Synthetic vaccines
from tumor-associated glycopeptide antigens, Chimia
(Aarau), 65, 30—34, doi: 10.2533/chimia.2011.30.

Turner, M.S., Cohen, PA., and Finn, O.J. (2007) Lack of
effective MUCI tumor antigen-specific immunity in
MUCI-transgenic mice results from a Th/T regulatory cell
imbalance that can be corrected by adoptive transfer of
wild-type Th cells, J. Immunol., 178, 2787—-2793, doi:
10.4049/jimmunol.178.5.2787.

Thatte, J., Qadri, A., Radu, C., and Ward, E.S. (1999)
Molecular requirements for T cell recognition by a major
histocompatibility complex class I1-restricted T cell recep-
tor: the involvement of the fourth hypervariable loop of the
Vo, domain, J. Exp. Med., 189, 509—520, doi: 10.1084/
jem.189.3.509.

Heath, W.R., and Carbone, ER. (2001) Cross-presenta-
tion, dendritic cells, tolerance and immunity, Annu. Rev.
Immunol., 19, 47—64, doi: 10.1146/annurev.immunol. 19.
1.47.

Belz, G., Smith, C., Bharadwaj, M., Rice, A., and
Jackson, D. (2004) DCs as targets for vaccine design,
Cytotherapy, 6, 88—98, doi: 10.1080/14653240410005276.
Oizumi, S., Strbo, N., Pahwa, S., Deyeyv, V., and Podack,
E.R. (2007) Molecular and cellular requirements for
enhanced antigen cross-presentation to CDS8 cytotoxic
T lymphocytes, J. Immunol., 179, 2310-2317, doi:
10.4049/jimmunol.179.4.2310.

Stagg, J., Johnstone, R.W., and Smyth, M.J. (2007) From
cancer immunosurveillance to cancer immunotherapy,
Immunol. Rev., 220, 82—101, doi: 10.1111/j.1600-
065X.2007.00566.x.

Gad, M., Jensen, T., Gagne, R., Komba, S., Daugaard,
S., Kroman, N., Meldal, M., and Werdelin, O. (2003)
MUCI1-derived glycopeptide libraries with improved
MHC anchors are strong antigens and prime mouse
T cells for proliferative responses to lysates of human
breast cancer tissue, Eur. J. Immunol., 33, 1624—1632, doi:
10.1002/¢ji.200323698.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Rughetti, A., Biffoni, M., Sabbatucci, M., Rahimi, H.,
Pellicciotta, I., Fattorossi, A., Pierelli, L., Scambia, G.,
Lavitrano, M., Frati, L., and Nuti, M. (2000) Transfected
human dendritic cells to induce antitumor immunity, Gene
Ther., 7, 1458—1466, doi: 10.1038/sj.gt.3301266.

Pecher, G., Spahn, G., Schirrmann, T., Kulbe, H.,
Ziegner, M., Schenk, J.A., and Sandig, V. (2001) Mucin
gene (MUCI) transfer into human dendritic cells by
cationic liposomes and recombinant adenovirus,
Anticancer Res., 21, 2591—2596.

North, S., and Butts, C. (2005) Vaccination with BLP25
liposome vaccine to treat non-small cell lung and prostate
cancers, Expert Rev. Vaccines, 4, 249-257, doi:
10.1586/14760584.4.3.249.

Wilkie, S., Picco, G., Foster, J., Davies, D.M., Julien, S.,
Cooper, L., Arif, S., Mather, S.J., Taylor-Papadimitriou,
J., Burchell, J.M., and Maher, J. (2008) Retargeting of
human T cells to tumor-associated MUCI: the evolution
of a chimeric antigen receptor, J. Immunol., 180,
4901—-4909, doi: 10.4049/jimmunol.180.7.4901.

Roulois, D., Gregoire, M., and Fonteneau, J.E (2013)
MUCI-specific cytotoxic T lymphocytes in cancer thera-
py: induction and challeng, Biomed. Res. Int., 2013,
871936, doi: 10.1155/2013/871936.

Apostolopoulos, V., Pietersz, G.A., Tsibanis, A., Tsikkinis,
A., Drakaki, H., Loveland, B.E., Piddlesden, S.J.,
Plebanski, M., Pouniotis, D.S., Alexis, M.N., McKenzie,
1.F,, and Vassilaros, S. (2006) Pilot phase 111 immunother-
apy study in early-stage breast cancer patients using oxi-
dized mannan-MUCI [ISRCTN71711835], Breast Cancer
Res., 8, R27, doi: 10.1186/bcr1505.

Wright, S.E., Rewers-Felkins, K.A., Quinlin, I.S., Phillips,
C.A., Townsend, M., Philip, R., Zorsky, P., Klug, P., Dai,
L., Hussain, M., Thomas, A.A., and Sundaramurthy, C.
(2009) Tumor burden influences cytotoxic T cell develop-
ment in metastatic breast cancer patients — a phase I/I1
study, Immun. Invest., 38, 820—838, doi: 10.3109/
08820130903278089.

Mohebtash, M., Tsang, K.Y., Madan, R.A., Huen, N.Y.,
Poole, D.J., Jochems, C., Jones, J., Ferrara, T., Heery,
C.R., Arlen, P.M., Steinberg, S.M., Pazdur, M.,
Rauckhorst, M., Jones, E.C., Dahut, W.L., Schlom, J.,
and Gulley, J.L. (2011) A pilot study of MUC-1/
CEA/TRICOM poxviral-based vaccine in patients with
metastatic breast and ovarian cancer, Clin. Cancer
Res., 17, 7164—7173, doi: 10.1158/1078-0432.CCR-11-
0649.

Pegram, M.D., Borges, V.E, Ibrahim, N., Fuloria, J.,
Shapiro, C., Perez, S., Wang, K., Stark, S.F,, and Luck,
C.N. (2009) Phase 1 dose escalation pharmacokinetic
assessment of intravenous humanized anti-MUCI1 anti-
body AS1402 in patients with advanced breast cancer,
Breast Cancer Res., 11, R73, doi: 10.1186/bcr2409.
Ramlau, R., Quoix, E., Rolski, J., Pless, M., Lena, H.,
Levy, E., Krzakowski, M., Hess, D., Tartour, E., Chenard,
M.P, Limacher, J.M., Bizouarne, N., Acres, B., Halluard,
C., and Velu, T. (2008) A phase II study of Tg4010 (Mva-
Mucl-112) in association with chemotherapy in patients
with stage III/IV non-small cell lung cancer, J. Thorac.
Oncol., 3, 735—744, doi: 10.1097/JTO.0b013e31817c6b4f.
Quoix, E., Ramlau, R., Westeel, V., Papai, Z., Madroszyk,
A., Riviere, A., Koralewski, P., Breton, J.L, Stoelben, E.,
Braun, D., Debieuvre, D., Lena, H., Buyse, M., Chenard,
M.P, Acres, B., Lacoste, G., Bastien, B., Tavernaro, A.,
Bizouarne, N., Bonnefoy, J.Y., and Limacher, J.M. (2011)
Therapeutic vaccination with TG4010 and first-line
chemotherapy in advanced nonsmall-cell lung cancer:
a controlled phase 2B trial, Lancet Oncol., 12, 1125—1133,
doi: 10.1016/S1470-2045(11)70259-5.

BUOXNUMUA tom 84 BeIm. 7 2019



5L

52.

53.

54.

55.

56.

57.

58.

59.

60.

MUCI B UMMYHOTEPAIINHN

Ohyanagi, F., Horai, T., Sekine, I., Yamamoto, N.,
Nakagawa, K., Nishio, M., Senger, S., Morsli, N., and
Tamura, T. (2011) Safety of BLP25 liposome vaccine
(L-BLP25) in Japanese patients with unresectable stage I11
NSCLC after primary chemoradiotherapy: preliminary
results from a Phase I/11 study, Jpn. J. Clin. Oncol., 41,
718—722, doi: 10.1093/jjco/hyr021.

Butts, C., Maksymiuk, A., Goss, G., Soulieres, D.,
Marshall, E., Cormier, Y., Ellis, PM., Price, A., Sawhney,
R., Beier, E, Falk, M., and Murray, N. (2011) Updated
survival analysis in patients with stage IIIB or IV non-
small-cell lung cancer receiving BLP25 liposome vaccine
(L-BLP25): phase IIB randomized, multicenter, open-
label trial, J. Cancer Res. Clin. Oncol., 137, 1337—1342, doi:
10.1007/s00432-011-1003-3.

Wu, Y.L., Park, K., Soo, R.A., Sun, Y., Tyroller, K., Wages,
D., Ely, G., Yang, J.C.H., and Mok, T. (2011) INSPIRE:
a phase III study of the BLP25 liposome vaccine (L-
BLP25) in Asian patients with unresectable stage 111 non-
small cell lung cancer, BMC Cancer, 11, 430, doi:
10.1186/1471-2407-11-430.

Butts, C., Murray, R.N., Smith, C.J., Ellis, PM., Jasas, K.,
Maksymiuk, A., Goss, G., Ely, G., Beier, E, and Soulieres,
D. (2010) A multicenter open-label study to assess the safe-
ty of a new formulation of BLP25 liposome vaccine in
patients with unresectable stage III non-small-cell lung
cancer, Clin. Lung Cancer, 11, 391—395, doi: 10.3816/
CLC.2010.n.101.

Lepisto, A.J., Moser, A.J., Zeh, H., Lee, K., Bartlett, D.,
McKolanis, J.R., Geller, B.A., Schmotzer, A., Potter, D.P.,
Whiteside, T., Finn, O.J., and Ramanathan, R.K. (2008)
A phase I/II study of a MUCI peptide pulsed autologous
dendritic cell vaccine as adjuvant therapy in patients with
resected pancreatic and biliary tumors, Cancer Ther., 6,
955—-964.

Kondo, H., Hazama, S., Kawaoka, T., Yoshino, S., Yoshida,
S., Tokuno, K., Takashima, M., Ueno, T., Hinoda, Y., and
Oka, M. (2008) Adoptive immunotherapy for pancreatic
cancer using MUCI peptide-pulsed dendritic cells and acti-
vated T lymphocytes, Anticancer Res., 28, 379—387.
Dreicer, R., Stadler, W.M., Ahmann, ER., Whiteside, T.,
Bizouarne, N., Acres, B., Limacher, J.M., Squiban, P., and
Pantuck, A. (2009) MVA-MUCI1-IL2 vaccine immunother-
apy (TG4010) improves PSA doubling time in patients with
prostate cancer with biochemical failure, Invest. New Drugs,
27, 379-386, doi: 10.1007/s10637-008-9187-3.
Dobrzanski, M.J., Rewers-Felkins, K.A., Samad, K.A.,
Quinlin, I.S., Phillips, C.A., Robinson, W., Dobrzanski,
D.J., and Wright, S.E. (2012) Immunotherapy with IL-10-
and IFN-y-producing CD4 effector cells modulate
«Natural» and «Inducible» CD4 TReg cell subpopulation
levels: observations in four cases of patients with ovarian
cancer, Cancer Immunol. Immunother., 61, 839—854, doi:
10.1007/s00262-011-1128-x.

Rittig, S.M., Haentschel, M., Weimer, K.J., Heine, A.,
Muller, M.R., Brugger, W., Horger, M.S., Maksimovic, O.,
Stenzl, A., Hoerr, I., Rammensee, H.G., Holderried, T.A.,
Kanz, L., Pascolo, S., and Brossart, P. (2011) Intradermal
vaccinations with RNA coding for TAA generate CD8" and
CD4" immune responses and induce clinical benefit in
vaccinated patients, Mol. Ther., 19, 990—999, doi:
10.1038/mt.2010.289.

Oudard, S., Rixe, O., Beuselinck, B., Linassier, C., Banu,
E., Machiels, J.P., Baudard, M., Ringeisen, E, Velu, T.,
Lefrere-Belda, M.A., Limacher, J.M., Fridman, W.H.,
Azizi, M., Acres, B., and Tartour, E. (2011) A phase II
study of the cancer vaccine TG4010 alone and in combina-
tion with cytokines in patients with metastatic renal clear-
cell carcinoma: clinical and immunological findings,

BUOXUMUA Ttom 84 BeII. 7 2019

6l.

62.

63.

64.

65.

66.
67.

68.

69.

70.

71.

72.

73.

993

Cancer Immunol. Immunother., 60, 261-271, doi: 10.1007/
$00262-010-0935-9.

Syrkina, M.S., Vassetzky, Y.S., and Rubtsov, M.A. (2019)
MUCI story: great expectations, disappointments and the
renaissance, Curr. Med. Chem., 26, 1—10, doi: 10.2174/
0929867324666170817151954.

Taylor-Papadimitriou, J., Burchell, J.M., Graham, R., and
Beatson, R. (2018) Latest developments in MUCI1
immunotherapy, Biochem. Soc. Trans., 46, 659—668, doi:
10.1042/BST20170400.

Zhang, L., Vlad, A., Milcarek, C., and Finn, O.J. (2013)
Human mucin MUC1 RNA undergoes different types of
alternative splicing resulting in multiple isoforms, Cancer
Immunol. Immunother., 62,423—435, doi: 10.1007/s00262-
012-1325-2.

Zrihan-Licht, S., Vos, H.L., Baruch, A., Elroy-Stein, O.,
Sagiv, D., Keydar, 1., Hilkens, J., and Wreschner, D.H.
(1994) Characterization and molecular cloning of a novel
MUCIT protein, devoid of tandem repeats, expressed in
human breast cancer tissue, Eur. J. Biochem., 224, 787—795.
Oosterkamp, H.M., Scheiner, L., Stefanova, M.C., Lloyd,
K.O., and Finstad, C.L. (1997) Comparison of MUC-1
mucin expression in epithelial and non-epithelial cancer
cell lines and demonstration of a new short variant form
(MUC-1/Z), Int. J. Cancer, 72, 87—94.

Hanisch, EG., and Muller, S. (2000) MUCI: the polymorphic
appearance of a human mucin, Glycobiology, 10, 439—449.
Schut, I.C., Waterfall, PM., Ross, M., O’Sullivan, C.,
Miller, W.R., Habib, EK., and Bayne, C.W. (2003) MUCI1
expression, splice variant and short form transcription
(MUCI1/Z, MUC1/Y) in prostate cell lines and tissue, BJU
Int., 91, 278-283, doi: 10.1046/j.1464-410X.2003.03062.x.
Baruch, A., Hartmann, M., Zrihan-Licht, S., Greenstein,
S., Burstein, M., Keydar, 1., Weiss, M., Smorodinsky, N.,
and Wreschner, D.H. (1997) Preferential expression of
novel MUCI1 tumor antigen isoforms in human epithelial
tumors and their tumor-potentiating function, Int. J.
Cancer, 71, 741-749, doi: 10.1002/(SICI)1097-
0215(19970529)71:5<741::AID-1JC9>3.0.CO;2-R.
Horinouchi, M., Nagata, K., Nakamura, A., Goto, M.,
Takao, S., Sakamoto, M., Fukushima, N., Miwa, A.,
Irimura, T., Imai, K., Sato, E., and Yonezawa, S. (2003)
Expression of different glycoforms of membrane mucin
(MUCI1) and secretory mucin (MUC2, MUCSAC and
MUC6) in pancreatic neoplasms, Acta Histochem.
Cytochem., 36, 443—453, doi: 10.1267/ahc.36.443.
Higashi, M., Yonezawa, S., Ho, J.J., Tanaka, S., Irimura,
T., Kim, Y.S., and Sato, E. (1999) Expression of MUCI1
and MUC2 mucin antigens in intrahepatic bile duct
tumors: its relationship with a new morphological classifi-
cation of cholangiocarcinoma, Hepatology, 30, 1347—
1355, doi: 10.1002/hep.510300609.

Tamada, S., Goto, M., Nomoto, M., Nagata, K., Shimizu,
T., Tanaka, S., Sakoda, K., Imai, K., and Yonezawa, S.
(2002) Expression of MUC1 and MUC2 mucins in extra-
hepatic bile duct carcinomas: its relationship with tumor
progression and prognosis, Pathol. Int., 52, 713—723, doi:
10.1046/j.1440-1827.2002.01414 .x.

Utsunomiya, T., Yonezawa, S., Sakamoto, H., Kitamura,
H., Hokita, S., Aiko, T., Tanaka, S., Irimura, T., Kim, Y.S.,
and Sato, E. (1998) Expression of MUC1 and MUC2
mucins in gastric carcinomas: its relationship with the
prognosis of the patients, Clin. Cancer Res., 4, 2605—2614.
Matsukita, S., Nomoto, M., Kitajima, S., Tanaka, S., Goto,
M., Irimura, T., Kim, Y.S., Sato, E., and Yonezawa, S.
(2003) Expression of mucins (MUC1, MUC2, MUCS5AC
and MUCS6) in mucinous carcinoma of the breast: compari-
son with invasive ductal carcinoma, Histopathology, 42,
26—36, doi: 10.1046/j.1365-2559.2003.01530.x.



994

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

CbIPKMHA, PYBLIOB

Muller, S., Alving, K., Peter-Katalinic, J., Zachara, N.,
Gooley, A.A., and Hanisch, EG. (1999) High density O-
glycosylation on tandem repeat peptide from secretory
MUCI of T47D breast cancer cells, J. Biol. Chem., 274,
18165—18172, doi: 10.1074/jbc.274.26.18165.

Nakamori, S., Ota, D.M., Cleary, K.R., Shirotani, K., and
Irimura, T. (1994) MUCI1 mucin expression as a marker of
progression and metastasis of human colorectal carcinoma,
Gastroenterology, 106, 353—361, doi: 10.1016/0016-
5085(94)90592-4.

Levitin, E, Stern, O., Weiss, M., Gil-Henn, C., Ziv, R.,
Prokocimer, Z., Smorodinsky, N.I., Rubinstein, D.B., and
Wreschner, D.H. (2005) The MUC1 SEA module is a self-
cleaving domain, J. Biol. Chem., 280, 33374—33386, doi:
10.1074/jbc.M506047200.

Thathiah, A., Blobel, C.P., and Carson, D.D. (2003)
Tumor necrosis factor-o converting enzyme/ADAM 17
mediates MUCI1 shedding, J. Biol. Chem., 278, 3386—
3394, doi: 10.1074/jbc.M208326200.

Thathiah, A., and Carson, D.D. (2004) MT1-MMP medi-
ates MUCI1 shedding independent of TACE/ADAM17,
Biochem. J., 382, 363—373, doi: 10.1042/BJ20040513.
Carson, D.D. (2008) The cytoplasmic tail of MUCI: a very
busy place, Sci. Signal., 1, pe35, doi: 10.1126/scisignal.
127pe35.

Kovjazin, R., Volovitz, I., Kundel, Y., Rosenbaum, E.,
Medalia, G., Horn, G., Smorodinsky, N.I., Brenner, B.,
and Carmon, L. (2011) ImMucin: a novel therapeutic vac-
cine with promiscuous MHC binding for the treatment of
MUCI-expressing tumors, Vaccine, 29, 4676—4686, doi:
10.1016/j.vaccine.2011.04.103.

Uchida, Y., Raina, D., Kharbanda, S., and Kufe, D.
(2013) Inhibition of the MUCI1-C oncoprotein is syner-
gistic with cytotoxic agents in the treatment of breast can-
cer cells, Cancer Biol. Ther., 14, 127—134, doi: 10.4161/
cbt.22634.

Wu, A.A., Drake, V., Huang, H.S., Chiu, S.C., and Zheng,
L. (2015) Reprogramming the tumor microenvironment:
tumor-induced immunosuppressive factors paralyze T
cells, Oncoimmunology, 4, ¢1016700, doi: 10.1080/
2162402X.2015.1016700.

Rabinovich, G.A., Gabrilovich, D., and Sotomayor, E.M.
(2007) Immunosuppressive strategies that are mediated by

84.

85.

86.

87.

88.

89.
90.

91.

92.

tumor cells, Annu. Rev. Immunol., 25, 267—-296, doi:
10.1146/annurev.immunol.25.022106.141609.

Vasilevko, V., Ghochikyan, A., Sadzikava, N., Petrushina,
1., Tran, M., Cohen, E.P., Kesslak, P.J., Cribbs, D.H.,
Nicolson, G.L., and Agadjanyan, M.G. (2003)
Immunization with a vaccine that combines the expression
of MUCI and B7 co-stimulatory molecules prolongs the
survival of mice and delays the appearance of mouse mam-
mary tumors, Clin. Exp. Metastasis, 20, 489—498, doi:
10.1023/A:1025802610724.

Liu, L., Wang, Y., Miao, L., Liu, Q., Musetti, S., Li, J.,
and Huan, L. (2018) Combination immunotherapy of
MUCI mRNA nano-vaccine and CTLA-4 blockade
effectively inhibits growth of triple negative breast cancer,
Mol. Ther., 26, 45—55, doi: 10.1016/j.ymthe.2017.10.020.
Marvel, D.M., and Finn, O.J. (2014) Global inhibition of
DC priming capacity in the spleen of self-antigen vaccina-
ted mice requires IL-10, Front. Immunol., 5, 59, doi:
10.3389/fimmu.2014.00059.

Agrawal, B., and Longenecker, B.M. (2005) MUCI
mucin-mediated regulation of human T cells, Int.
Immunol., 17, 391399, doi: 10.1093/intimm/dxh219.
Agrawal, B., Krantz, M.J., Parker, J., and Longenecker,
B.M. (1998) Expression of MUCI mucin on activated
human T-cells: implications for a role of MUC1 in normal
immune regulation, Cancer Res., 58, 4079—4081.

Gendler, S.J. (2001) MUCI, the renaissance molecule,
J. Mammary Gland. Biol. Neoplasia, 6, 339—353.

Correa, 1., Plunkett, T., Vlad, A., Mungul, A., Candelora-
Kettel, J., Burchell, J.M., Taylor—Papadimitriou, J., and
Finn, O.J. (2003) Form and pattern of MUCI expression
on T cells activated in vivo or in vitro suggests a function in
T-cell migration, [Immunology, 108, 32—41, doi:
10.1046/j.1365-2567.2003.01562.x.

Tsang, J.Y.S., Chai, J.G., and Lechler, R.(2003) Antigen
presentation by mouse CD4* T cells involving acquired
MHC class II: peptide complexes: another mechanism to
limit clonal expansion? Blood, 101, 2704—2710, doi:
10.1182/blood-2002-04-1230.

Agrawal, B., Gupta, N., and Konowalchuk, J.D. (2018)
MUCI mucin: a putative regulatory (checkpoint) molecule
of T cells, Front. Immunol., 9, 2391, doi: 10.3389/fimmu.
2018.02391.

MUCI1 IN CANCER IMMUNOTHERAPY — NEW HOPE OR PHANTOM MENACE?
M. S. Syrkina'?* and M. A. Rubtsov!?3

' Lomonosov Moscow State University, Faculty of Biology, 119234 Moscow, Russia; E-mail: krimsy@yandex.ru,
ma_rubtsov@mail.ru

2 Laboratoire Franco-Russe de Recherches en Oncologie, Lomonosov Moscow State University, 119234 Moscow, Russia
3 Sechenov First Moscow State Medical University (Sechenov University), 119991 Moscow, Russia
Received February 25, 2019

Revised March 15, 2019
Accepted March 15, 2019

Understanding of the functioning of MUCI1 (human mucin) has advanced significantly over 40 years of its investiga-
tion. The anti-adhesive properties of the extracellular domain, which were the main focus of early studies initially
explaining overexpression of MUCI1 in progressing oncological diseases, were gradually put on the back burner.
Researchers became more interested in its regulatory and signaling functions in cells rather than in its anti-adhesive
properties. The found the ability of MUCI for signal transduction and its ability to participate in cell metabolism
opened new possibilities for improved control over cancer cells in addition to just attracting antigens of the immune
system to a target. Nevertheless, there are issues in the functioning of MUCI that raise doubts about its effectiveness

in cancer immunotherapy.
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