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OnpeneneHue

MenaHoMa — 3rnoKayecTBEHHast OnyXxorsib, pa3BuBaloLasaca U3 MenaHoUuMTOB — NMUIMEHTHbIX KNETOK,
NpoAYLUMPYIOLLINX MENAHUHBI N NPONCXOASLLINX N3 HEPBHOTO rpebHsa (HENMpoaKToaepMarbHoe
npoxoXxageHue).

Hapsigy ¢ NNOCKOKMETOYHbIM NBa3anbHOKNETOUYHbIM PaKOM KOXW OTHOCUTCS K 31T0KQ4YE€CTBEHHbBIM
ONyXOSIAM KOXMW.

Puc. 1
MenaHom
a

KOXW




AKTyanbHOCTb

MenaHoma OTHOCUTCS K Hanboree onacHbIM 1 arpeccuUBHbIM BuaaM paka, obrnagaroLlasi BbICOKOW
CTeneHbto
PE3NCTEHTHOCTU K NpoBoAUMON dbapmakoTepanum 1 KpanHe HebnaronpuaTHLIM NPOrHO30M B criyvae
Ha4ana
MeTacTas3npoBaHuUS.

CnocobHa HaxoauTb Memacmamuyeckue HuWu NPakKTNU4eCK BO BCEX OpraHax.

[nccemeHnpoBaHHble POPMbl OTNINYAKOTCA BbICOKOW PE3NCTEHTHOCTLIO K MPOBOAMMON (hapMako- U
NMMMYHOTepanuu. Hacto peungnBupyer.



AKTyanbHOCTb

Puc. 2
MeTacTas
bl
MernaHoOMbl




AKTyanbHOCTb

Puc. 3 MeTacTasbl
MenaHoOMblI



AnNnaemMmonorus

B 2017 r. B Poccuimnckon ®egepaumm menaHoMom Koxu 3abonesno 11 057 4YernoBek.
B 2018 r. B Poccuimnckon ®egepaumm menaHoMom Koxu 3abonerno 11258 4YernoBek.

B cTpyKkType oHkonaTtonorum 3aboneBaeMoCTb MernaHoOMOM KoXn B 2016 r. coctaBuna 1,5 % y
MY>KYUH U 2 % Y XKEHLLWH.

B 2017 r. oT MenaHoMbl KOXu B Poccumn ymMepso 1757 My>X4unH 1 1956 >KeHLNH.

o oueHke AMepukaHCKoro obLiecTBa nevyeHns paka B 2019 rogy B AMepUKe BnepBble BbisiIBIIEHO
96,480 crny4yaeB MenaHOMbl, U3 KOTOPbIX 7230 3aKOHYUITUCb CMEPTHLIO NaLUNeHTa.

ckntounTenbHO HacTopaXXnesarLmm dakT, No OLleHKaM aMepUKaHCKMX aBTOPOB MeflaHoMa
sBNsieTCca Hanboree pacrnpocTpaHeHHbIM OHKONOrMYeCKMM NMpoLLECCOM B BO3pacTHOM rpynne 25 -
29 nerT.



PoTOTUMBLI KOXKU MO PULNATPUKY

- QOTOTUTbI KOXWN —

1O KITACCNOUKALNA OUNLTTATPUKA

CKAHAWHABCKMIA CPEAHEEBPOMNENCKUNA A3MATCKUA

CeeTnas TOHKas XoXa,
pLikWe unu ceetnsie
BONOCH!, CBETNLIA LBeT
rnas. NMoa npsambiMm
CONHEYHLIMM NyUamm
0Bropator 3a 20 MUHYT.
3awmTHble cpeacrsa
obs3arensHel.

CBETIOKOXWUW
EBPONMEVCKUA

Ceerneie koxa v
Bonocel, ronybuie,
Cepbie unu 3enexsbie
rnasa, Moa npsamsimm
CONHEMHbIMM NyYamm
0BropaloT 3a 30 MUHYT.
33WMTHbIE CpeacTBa
obs3arensHet.

Koxa userta cnoHosomn
KoCTK, Bonee remHoie
BONOCH!, KAPHE rnasa.

Mo npamemu conMey-

HbIMM Nyuamm obropa-
HOT 33 40 MUHYT.
JawmrHbie cpeacrea
obn3aTenbHbl.

CPEAVNIEMHOMOPCKUIA

OnueKoBas KOXKa,

YepHbie BONOCk!, Kapue
rnaza. Koxa socnanser-

€5 NOCNE 50 MUHYT Ha
APKOM CONHUE. 3aLwmT-
HbIE CPEACTBA HYXHbI
ans npodunaKTukm
NPexAespPeEMEHHOro
CTApeHUR KOXH,

Kopuusesas mnu
KENTan Koxa v
YEPHbLIE BONOCHI.
Kowa socnansercs
nocne 50 MMHYT Ha
APKOM CONHYE.
3awmTHbIE CPeacTRa
HyXHbl 418 npodu-
NAKTUKY npexaespe-
MEHHOTO CTapeHus,

AOPUMKAHCKMA
Moan ¢ veprHbim
LIEETOM KOXH, TEMHbI-
MU FNa3amm
HYEPHBIM UBETOM
Bonoc. Koxa Hukoraa
He obropaer. 3awumr-
HBIE CPEeAICTBa HYKHBI
ANS NPODUNAKTHKN
NPexAesPEMEeHHOI0
CTapPeHMA KOXM.




[lnarHocTuka

.‘ d) — (popma

1 M — U3MEHEHWe pa3MepoB (YCKopeHue pocTa)

J l' — rpaHuLbl («M3pesaHHbie» Kpas)

'"J A — dCUMMETPUA

/ P — pa3mep (KpynHbin, CBbiLLE 6 MM)

| O — OKpacka (HepaBHOMepHas )



Hopma

[lnarHocTuka

Asymmetry
AcummeTpua

MaTtonorusa

Border
[paHULbI

Color
LiBeT

Diameter
OuameTp

Evolving
Pa3Burtue




[lnarHocTuka

3anomMmHuTe:

BbiCcTpbIV pOCT (Heaenu, Mmecsubl), BHE3aNHOE NosiBlieHne HeByca.

HepaBHOMEPHOCTbL OKpacku (bornee 3x LiBETOB).

AccunmeTpus.

CUTYALUUA TPEBYET BHUMAHUA



[Mpobnembl naToreHe3a ANCCEMEHNPOBAHHOW MeNaHOMb

NMpo6nema onyxoneBon CTBONIOBOMN KITETKWU.
Npob6nema meTactasnpoBaHus.

NMpobGnema pe3MCTeHTHOCTU K (hapMaKo- UMMYHOTEpanuu.



[Tpobriema onyxosieBon CTBOSIOBOW KNETKN.
Cancer stem cell

OTgenbHaga nonynsauuMm Kretok B npegenax eauHMYHOM ONyXosiv, KOTopas MOXET ObiTb
BblAeneHa M3 OnyxoreBon Maccbl M obragaetr CcnoCOBHOCTbID K camMornogaepXaHuio u
andpdpepeHUnpoBKe B reTeporeHHble NMHNK audpdepeHUnpoBaHHbIX ONyX0SeBbIX KITETOK.

UmmyHoOMonornyeckue ceoncrtea COK:
1. Ob6pasytoT camMmornogaepxnBatoLLyocs nonynaumio, T.e. cpeau
anddepeHUMpOoBaHHbIX KIETOK, C OonpeaerneHHbiM aHTUreHHbIM COCTaBOM Ha
NOBEPXHOCTWN, BCEraa CyLeCcTBYIOT CTBOMNOBbLIE.

2. OHu MOTyT HEeOrpaHmM4eHHoe KoJfim4eCTBO pald AeJIMTbCA U JaBaTb noboe 4yncno
NOKOJSTIEHMUWN MOTOMKOB B TEYEHME XKN3HWN OAaHHOIO opraHmnM3ma.

3. [MoTOMKM Takux KNETOK MOryT AnddepeHUNpOoBaTLCA B Pa3HbIX HanpaBneHusix



[Tpobriema onyxosieBon CTBOSIOBOW KNETKN.
Cancer stem cell

HauynHas ¢ 1995 roga BO MHOIMX nccrnegoBaHusix coobuanocsk 0 Hanm4umm onpeaeneHHon
cyononynayum

PaKOBbIX KNETOK MENaHOMbI, XapaKTepm3yoLLNXCs cCaMOODHOBNSEMOCTLIO U CMOCOBHOCTLIO
NHULNNPOBATb

MeTacTasbl B HEODObIYHO BbICOKOM NPOLIEHTE Cry4aes.
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KYNbTYpPbl KNETOK
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[Tpobriema onyxosieBon CTBOSIOBOW KNETKN.

CANCER STEM CELLS

THEORIES AND PRACTICE

Cancer stem cell

Advances in Experimental Medicine and Biology 1139

Alexander Birbrair Editor

Stem Cells

Heterogeneity
in Cancer

@ Springer
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[Tpobriema onyxosieBon CTBOSIOBOW KNETKN.
Cancer stem cell

Ha gaHHbIM MOMEHT HET eAuHOro MHeHust o npouncxoxageHmnn COK. Hanbonee 4yacton siBNsieTcs
Teopus o
HaKOMMNEeHUN MyTauum n NoBpeXaeHne reHeTUYEeCKOoro anrnapara HopmMasibHOM CTBOSTOBOW KIETKMW.

Mutated
stem cell Puvc. 4
Q& [MnoTesbl
Normal: ‘ R * MPOUCXOXKAEHM
stemce q
Mirtated E/I:SJ'IKaHOMbI
progenitor cell
Normal Q& Y. Cancer
progenitor cell > ~ Stem cell

Mutated

differentiated cell
Normal Q& %

differentiated cell
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[lpyKknaaHble acnekTbl U3y4eHuns
COK

MeTtacTtasupoBaHue

Pe3nCTeHTHOCTb K
Tepanuu

dunarHocTuka
TapreTHasa Tepanus

OHKoreHes v NpPorHo3



[Tpobriema onyxosieBon CTBOSIOBOW KNETKN.

Cancer stem cell

targeting
cancer stem cells Tumor
regression

el o @
by

&
! oo

differentiated Tumor
cancer cells relapse

Puc. 5
BoamoxXHOCT
n

Tepanuu c
ydyetom COK
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[Tpobriema onyxosieBon CTBOSIOBOW KNETKN.
Cancer stem cell

AHTUreHHble A€TepPMUNHAHTDbI CTBOJIOBOM KNETKN MeJTaHOMb!:

KOMMOHEeHTbI KNETOYHOM MeMOpaHbl, MOBEPXHOCTHbIE KNETOYHbIe peLenTopsl (CD271, CD133, CD20,
CD44, CD34, IL-3R, CD184, EpCAM)

KOMMOHEHTbI CUrHanbHbIX U MeTabonnyecknx nyten kneTtkn (Hedgehog, Notch, Wnt/B-kaTeHuH, BMI,
BM1, PTEN, CATENIN\CADGERIN, WNT5A, PI3K, EGFR-CUrHasibHble NyTn)

OnNUTOMbI, CBA3aHHbIE C CUrHASTbHLIMA nyTAMUN U peuenTopamMn H1ULW CTBOJTIOBbIX KITETOK
(PD-1/PDL-1, CTLA-4, VEGF v gop.;)

KneTkun n curHanbHble NyTU, OTBETCTBEHHbIE 3a CO34aHNe UMMYHOCYNPECCUBHOIO OKPYXKEHUS
onyxonu (CD4+CD25+FOXP3+ T-knetkn, CD8+CD28— T- kneTkn, CD3+CD8+CD16+
NKT-KNeTku 2 Tuna, MmenouaHble cynpeccopHble knetku (M2Md v ap.)

benku, ydacTeytoume B 9HEPro3aBMCUMOM TPAHCNOPTE BELLECTB U3 KNeTKN(ABC-0ernkn, anbaerna-
agerngporeHasa, ALDH1, JARID1)



CoBpeMeHHbIN B3rnag Ha npobnemy
MeTacTa3npoBaHuS

Ha ctaguu in situ MenaHoumTapHble 00pa3oBaHNSA HE HECYT HEMOCPEACTBEHHOWM YrpO3bl )KU3HMW,
OHaKO
NosiIBNEeHNAeAUHCTBEHHOrO YaaneHHOoro MetTacTasa, a TO4Hee LMPKYNUPYIOLLNX ONMYyXOneBbIX

KIEeTOoK,
PELLUNTENBHO MEHSIET CUTYaLIMN Ha Bonee cepbe3Hyto NO MPOrHO3Y U NNaHy NnevYeHus.

NMpu agekBaTHO NpoBeAEeHHOM fleYeHMUU NP MenaHoMe in situ 5 NeTHAA BbKMBAaeMOCTb
npunuxaerca K 100%.
Mpun BbiSsBNEeHMU 3 cTaaun UHBa3NKN 5 NeTHANA BbDKMBAEMOCTb He NpeBbIlaeT 25%.



CoBpeMeHHbIN B3rn4a4 Ha npobnemy
MEeTACTARMNORAHING

Yposuu naBasun mo Kimapky.

YpoBeHs nnBasum I: MerraHoMa B Iipeiernax smiepmica - “MeraHoMa in situ”.

YpoBenr nnpasum II: Menranoma nmepecekaeT sIuIepMIC U IIPOHMKaeT B
COCOUKOBBIVI CTIOV JTIePMBL.

Yposens unsasumu IlII: oy xorts 3arrornmsgeT 061acTh COCOUKOBOTO CTTIOS JIEPMBIL.
Taxwe oy xorm BCTynaioT B (pasy BepTHKaTbHOTO POCTa.

YpoBsens unsasum IV: oy xoresble KIIeTKM IIpeo1orieBaloT Oapbep MeXILy
COCOUKOBBIM V1 CeTUaThIM CTIOSIMMU JIEPMBI M pacIIpOCTPaHAIOTCS B CeTUATOM CJI0e
JIepMBI.

YPOBeHb uHBasum V: OIIYXOJIb pacCIIpOCTpaHseTCA B ITOAKOXKHYIO KITeTUYaTKY .

Clark Levels
Level | Level Il Level Ili Level IV Level V

Papillary dermis q A

Papillary-reticular
dermal interface .

Reticular dermis
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MpatmuHr

3K30COMbI, DaKTOpPbI pocTa
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KocTHbIM mozr

00

KAETHU
KOCTHOro

Mmo3ra
~

e
>l
KNETKU CTPOMbI
N W

BropuuHbIii ouar

3K30COMBI
dakTopbl pocTa

L \e

_BKM

7
MukpookpyxeHue ony‘xon;
rd

CoBpeMeHHbIN B3rn4a4 Ha npobnemy

METaCTa3npoBaHUA
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CoBpeMeHHbIN B3rnag Ha npobnemy
MeTacTa3npoBaHuS

[1o aKcnepuMeHTanbHbIM OLEeHKaM B CUCTEMHbIN KPOBOTOK MOXET NOoCTynaTb OKoslo 2 500 000
LMPKYNMpYyoLWwmnx onyxosiesbix KreTok (LLOK) B 4eHb B 3aBUCMMOCTU OT 0B6beMa NopaKeHus.

[pu nepeBuBaHUM NOAOMbITHLIM MbllLaM MenaHUMbl NMUHKMKM B16 BbisiBMMachb 3aBUCUMOCTb, YTO
BBeJeHue

100 000 KNETOK OMyXOonu Bbl3biBAET MeTacTasbl B 60MnbLUMHCTBE opraHoB, 10 000 — KOCTHOM MO3re U
ANYHUKaMK, 1000 — TONbKO KOCTHbIA MO3T.

MeTtacTtaTtndeckas Huwa (MH) — 30Ha ¢ noaxo4aLwmnMm MUKPOOKPYXKEHUEM ( B TOM YUCTie
OUCTaHUMOHHO «MNOAroTOBIEHHAA» NepPBUYHOWN ONYXOS1bo NOCPEaCTBOM CUTHANbHbIX
MOJSIEKYIST), B KOTOPYIO Y>Ke nonana Wnu MoXeT noTeHumanbHo 3akpenutbca LIOK.



CoBpeMeHHbIN B3rn4a4 Ha npobnemy

MEeTaCTa3npoBaHNA
MDsC e %@ JSlOOAS
Primary t . Puc. 7
VRRONY] EREIR, Recruitment S . SO
®) @) G 2, LTNF-Q Cxema
st @ TGF-
ea o | ‘ I | V. e B i chbopMmpoBaHus
9 mmune suppression nflammation
. ‘”Oo | e Bosomes C DAL P ) lon] MeTacTaTU4eCcKmX
Protein % HLL
O ﬁo Lipid »
o — mRNA - . ) . ITGBS
miRNA ITGab
- IncRNA
VEGF — CircRNA [ Organotropism
S$100
T0Fs - THE - CAS.PAKE " S100A8
MIF | S100A9 .
MMP | o ~’ E-cadherin MIE Hygoxm
L ;EGFR, MMP TGF-B @
‘ ::LNla Acndn‘” cation
Angiogenesis and —
o . MMP
vascular permeability Fibroblasts e

[Matrix remodeling |

Pre-metastatic niche
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CoBpeMeHHbIN B3rn4a4 Ha npobnemy
MeTacTasnpoBaHus

PRE- METASTATIC NICHE FORMATION

~© Extracellular vescicles

~ containing:
miRNAs, integrins
growth factor receptors,
5100 proteins

f/ Collagen type | Primary tumor o

and IV
Fibronectin
cluster
S mMmp

Circulating
tumor cell

Tumor-activated
*macrophage (TAM) ‘ ‘

Cancer-associated ‘
Fibroblast (CAF)

m Miofibroblast

~ . Bone marrow
derived cell

EMT

Soluble factors

CXCL10, CXCL12, CXCL16

Target tissue

Step 1

Extracellular
vescicles and
soluble factors
operate target
tissue priming

Step 2

BMDC, CAFs,
Myofibroblasts,

TAM colonize the

niche; altered
expression of
collagens and
MMPs

Step 3

~ —=_ Circulating

tumor cells
colonize the
niche

Puc. 8

Cxema
MeTacTa3npoBaHu
S

onyxonu
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[Mpobnema pe3ancTeHTHOCTU MEeNaHOMbI K XMMUO- U UMMYHOTEpPanuu.

Springer Protocols

José Rueff
Antonio Sebastido Rodrigues Editors

Cancer Drug

Resistance

Overviews and Methods

M
3¢ Humana Press

= Primary

self-renew, proliferation, tumorigenic
" resistant to chemiotherapy+

CSC

&
new tumor
similar to
the primary

Leukemias
Breast cancer
Lung cancer
Colon cancer
e
Osteosarcoma

non-tumorigenic
sensitive to chemiotherapy

Puc. 9
Cxema popMUPOBaAHUA PE3UCTEHTHOCTU K
Tepanuu
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I'Ipo6nema PE3NCTEHTHOCTU MESIaHOMbl K XMMNO- U UMMYHOTEpParumn.

Puc. 6

Cxema

nyTen
OrnyxoneBsown
PE3NCTEHTHOCTH
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BOMNPOCHI OHKOJIOIMKN. 2008, TOM 54, N2 3

© Konnekrus agropos, 2008 Bonpocs! onkonorun, 2008, Tom 54, Ne 3
YK 616.5-006.6.81-097

B.M.Mouceenkxo, A.b./lanunrosa, A.O./lanunros, E.A. Typkesuy, U.A.baaroyesa, JI.E.Mauyko

UMMYHOUUTOXUMNYECKOE U3YYEHUE 5KCIIPECCUN
AHTUI'EHOB KJIIETKAMU MEJIAHOMbI KOXKMU,
KYJIbTUBUPYEMbBIMU AJIA TIPUTOTOBJEHUA BAKUUUH

®rY HAU onkonorum um. H.H.Metposa PocmearexHonorum, Caukr-lNetepbypr
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BOIMPOCHI OHKOJIOIMMK. 2008, TOM 54, N2 3

KonuyecTBo KNeTok
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[Mpobrnema pe3ancTEHTHOCTU MENaHOMbI K XMMWO- U UMMYHOTEepanuu.

OCHOBHbIe MONEKYNAPHbIe MeXaHU3MbIl, OTBETCTBEHHbIE 32 pa3BUTUE PE3UCTEHTHOCTMN:
Benku TpaHcnopTepbl cemenctea ABC
AKTMBHOCTb V-ATdasa — MPpOTOHHbLIX MOMIT
MenaHocomanbHbIN TpaHCNopT
CemencTBo aHTuanontotTndeckmnx berkos BCL2 (B-cell lymphoma 2)

dakTop NFKB



MexaHn3mbl POTNBOOMYyXoJyieBoro MUMMYHNUTETA

Laurence Zitvogel
Guido Kroemer
Editors

Oncoimmunology

L 4

A Practical Guide for
(Cancer Immunotherapy

@ Springer

MenaHoma - UMMYHOaAKTUBHas
onyxosnb!
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RoHUenumMa MMMYHHOTO Ha/Z30pP3a

Maynb 3paunx:
ONYXONU Kak
noTeHUManbHble
HOCUTeNnu
COMATUYECKUX
MYTaUUK, A0MKHbI
BbI3bIBaTb
MMMYHHYIO Peakumio
OTTOPXKEHUA

3pBapa Ponum.
O6ocHoBaHue naemn
Mayna dpnuxa 8
3KCNEepUMEHTE.

Jltouc Tomac: ®paHk MakdpapneitH
YHUUYTOXEHUME BepHer.
ONYyXONEeBbiX KNETOK - Te
e MexXaHU3Mbl, KoTopble
OTTOPraloT YyXKepPogHbIN
TpaHcnnanutat. OCHOBHaA
bYHKUMA KNeTOYHOro
MMMYHUTETA COCTOMUT B
3awumre ot
HOBOObOpa3oBaHu

Pa3sun ngeun Tomaca un
npeawecTseHHUKOB B
CTPOMHYIO KOHUENUUIo
MMMYHHOro Hag3opa.

Pobept Wpaibep
chopmynuposan
TEOPUIO UMMYHHOTO
peAaKTUPOBaHUA:
PO/Ib UMMYHHOM
CUCTEMbBI B PA3BUTUM U
Nporpeccuun paka.
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MexaHn3mbl POTNBOOMYyXoJyieBoro MUMMYHNUTETA

NMpuHuMnuanbHO, 3P PeKTUBHLIN UMMYHHbLIU OTBET peanuni3yeTcsl Npu
cornacoBaHHoOM paboTte
Tpex coCTaBNAOLWMUX:

1. Yto ByneTt atakoBaHO = MHAYKTUBHaA pasa.
2. Kak n yem byaet atakoBaHo = adopekTopHas asa.

3. Perynauusa npouecca.



MexaHn3mbl POTNBOOMYyXoJyieBoro MUMMYHNUTETA

"there is something unique about a cancer cell that distinguishes it from normal cells, and that
this difference can be recognized by the body’s immune system”

professor Lloyd J. Old, pioneer of cancer immuno-oncology

Functional classification of cancer-associated genes
CATEGORY |I: PROTO-ONCOGENES THAT INDUCE CELLULAR PROLIFERATION
CATEGORY II: TUMOR SUPRESSOR GENES, INHIBITORS OF CELLULAR PROLIFERATION

CATEGORY Ill: GENES THAT REGULATE PROGRAMMED CELL DEATH OR APOPTOSIS



Tumor-specific antigens (TSAs) and Tumor-associated antigens (TAAS)

Normal cell

Self peptide

Self peptide
MHC class 1
MHC class 1

Altered self peptide

Oncofetal

Mutation generates a new peptide
presented by MHC class I (TSA)

Overexpression of
normal protein (TAA)

Inappropriate expression of
embryonic gene (TAA)
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MHC-Ag complex
“cross-dressing”

Activation
Proliferation
Differentiation Th1/Tcl

Indirect MHC presentation
& Ag presentation

Activation
Proliferation )

A Direct MHC presentation

Differentiation Th1/Tcl ]

2~ —0O00
O OOOO —* O

Exosome

$il=2

Exosome uptake and _
MHC-Ag processing

T -2 NKGZDLO
) ; IL-15Rat
C Activation ,p
Proliferation T”:N Y , '
NKG2D dependent 4 IL-2RBlyY

cytotoxicity restoration |




Cross-presentation

* Class I MHC molecules present exogenous Ags
to CD8" T cells

* Class I MHC molecules present endogenous
Ags to CD4™ T cells

* Cross-presentation of Ags by DC plays an
important role in anti-viral infection and anti-
tumor immunity.

Antigen Cross- T cell

capture presentation response
Infected cells Dendritic cell 2

and viral : Virus-specific

antigens picked & CD8* T cell

up by host APCs 2

Ia
A
Viral antigen /\(\\[

7%,
" infected cell ;
Costimulator
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CCLS

Activation
CD8* T cell

CXCL9S
CXCL10
Q 9

Antigen

TUMOURMICROENVIRONMENT 38



MexaHn3Mbl NPOTUBOOMYXONEBOro MMMYHUTETA

e nentua
VIHC | Y TcR
CD 8 » CD3

aKTUBUpPOBaHHLIE T-KuUnnepbl

T~

Cekpeuus
-2, MoOH-y
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MexaHn3Mbl NpPOTUBOONyxornesoro UMMYHUTETA

Normal cell NK cell

Inhibitory

MHC |
receptor

molecule

—> No killing

Activating Activating
ligand receptor

Tumor cell
or virus infected cell

(target cell) NK cell
Inhibitory

receptor

—> Killing

Activating  Activating
ligand receptor

NK cell activation

NK cell activation

TOLERANCE
NK cell

L nhibitory mpc  Healthy cell

N&ceptor class l// \

ligand

receptor

I MISSING SELF

Activate NK cell Tumﬂlr cell

e

Loss of MHC molecule
expression promotes
killing of tumour cell

® c ©
Cytokines and
cytotoxic mediators

| STRESS-INDUCED SELF |
Activte NK cell Tumour cell

N

Upregulation of
stress-induced
ligands promotes
killing of tumour cell

@ ¢ 0
Cytokines and
cylotoxic mediators



MexaHn3mbl NPOTUBOOMYXONEBOro MMMYHUTETA

M1 macrophage

Monocyte / [FN-y

resident macrophage

M2 macrophage
IL-4
IL-13
IL-10
Glucocorticoids

Anti tumor
TNF-a
[L-12

Reactive nitrogen
Oxygen intermediates

Promote Thl response

Pro tumor

[L-18

IL-6

[L-8

Growth factors (VEGF)
MMP

Promote Th2 response

Puc. 10
Pasnunynble
KOMMOHEHTbI
BPOXXOEHHOIo
NMMMYHUTETA
MOryT

BHOCUTb KOHTp-
N Npo-
OHKOreHHbIW

adbdoekT
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PaKTOpPbl, ACCOLMMPOBAHHbIE C ONYXONEBbIMU

KNETKaMu:

* [loTeps aHTUreHHOCTU/IKcnpeccua
HeKknaccuyeckux HLA mn yTpaTta
KNACCUYECKUX.

* HapyweHue Ko-CTUMYyNALUN U KO-
nHrnbmposanma T-numdouymtos (PD-1,
CTLA-4, 4-1BB, OX40)

*  WMHayKkuus anonto3a ( CD95/CDY5L)

PaKTOpPbl, ACCOLMMPOBAHHbIE C

MUKPOOKPYXEeHUNEM

*  MMMyHOCYnpeccopHble KNeToYHble
nonynauuu: Treg, TAM, MDSCs, CAF

*  BblpaboTKa UMMYHOCYNPECCUBHbBIX MONEKYA:
IL-10, TGFB, IL-35, IDO, apruHasza, NADPH-
okcmaasbl M iINOS, CXCL12
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bucnuueduyeckmne, KOHbITMPOBaHHbIE)

Buabl ummyHoTepanum 3HO
MoHoKnoHanbHble AT( “ronbie”,

Antibody
Specific to tumor-
associated antigen

MpoTnsoonyxonesbie BaKLUHbI

UutokunHosas Tepanua (INF, IL)
Cytotoxic agent
Designed to kill target cells
when internalized and

released/activated

Linker
Attaches cytotoxic agent
to the antibody

NHrmbutopbl UKT (PD-1/PD-1L, CTLAA4.)

. .\\.

4

ApontuBHasa KnetouHasa Tepanua(Anno-TrCK, N0/,

CAR-T/TCR)
@ T cells are removed
‘ from patient
\
) @ 9
[ J . T cell < .
| el |
[ 5 \9' 4
/l" ‘ ' ot A " v " A E .“‘:
L A« Modified I . v s wpre i
‘| | ‘ \ ‘i}e 4 gene' ; N 4 \,\.1_
/f [\ \ @@ e
Enhanced K \ 4 v y @
© Genetic ‘\Q&_‘/
modification S o A
of T cells L )

N k response |,
© ratient receives
modified T cells
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MMMyHOTepanus

Evolution of Inmunotherapy

1982 1989 1998 2017
2nd century AD 1866 1893 1908 1948 1959 1975 § . 4 201
— cancer might evolve from -significant tumour - Coley'ssuccessful cinical - Ehrlich confirmed Coley's - the first report on - the anti-tumour effects of ~the first description of Nk~~~ "'“'?“d”:' LA m‘x::;ﬁ?&:f:ﬁg: i el :::La;m"d U ~The first chedkpoint w rela:[sed Bfﬂ L
inflammatory lesions Tegression after erysipelas results were first described observations histocompatibility antigens the BCG bacteria in mice cellsactivity _ achiewethefirsthiochemical m: A e B < Bad inhibitor,ipilimumab, Z;:Izm 'S:‘( ; a;{ma 3
[Galen] infection was noted beinginvolvedin transplant with bladder cancer [Klein] entifction and description of Gdah LRI approved by the FDA fef 3s thefistrisease
[Fehleisen and Busch] refecton [Gorerand el {0d) tumour-specificantigeninamouse  ancer cells wasreported in treatment for metastatic to be FDAapproved for CAR
model of T-cell lymphoma [Allison] 1989 [Gross and Eshhar] melanoma Tcells therapy
circa 1000 years BC 1765 1890 1899 1914 1957 1973 1976 1986 1991 2004 2015 2018
- first anecdotal reports -teportabout the - the discovery of antibodies - “Coley’s taxin”is now - a genetic explanation for - the theory of cancer - dendritic cells were - the use of BCG as a way of ~The world's first ~The US FDA approved the -Tcells were able to provide - The first oncolytic virus, iThe Nabel Prze for their
about spontaneously effectiveness of inoculation [Ehrlich, von Behring and available commercially the rejection of transplanted i il discovered treating bladder cancer recombinant vaccine, HBY, use of IL-2as an anti-tumour surveillance T-VEC, approved by the FDA discovery of cancer therapy
disappearing tumours [John Fewster] Shibasaburo) tumours in animal models [Thomas and Burnet] [Steinman] [Morales] vacdne was created immunotherapeutic [Schreiber, Dunn, Old] for the treatment of ; byinibition #“m“"’
landient Egypt] [Clarence Litle] [Valenzuekz] treatmentin metastatic metastaticmelanoma immune regulation (James
kidney cancer P Allison and Tasuku Honjo]

1883
1718 el 1896 1908 1957 1967 1975 1083 1991 2000 2014 _Maw:v':l';wms
~first attempts to popularise it elazoan d ~The first desaiption of the - Ehrlich confirmed Coley's - the discovery of interferan - the existence of T cellsand - the first production of - 1L-2 was doned - proof: the firsthuman - the firstipilimumab - nivolumab, the first PD-1 therapy for difuselarge
inoculation in England e SL': e spontaneous tumour observations [1saacs and Lindenmann] their crudal olein monoclonal antibedies in [Devos) tumour antigen to be dinical trial was launched molecule inhibitor, B-cel lymphoma and
[Lady Mary Wortley Stk J remission after severe immunity the laboratory recognised by Tlymphocytes approved by the FDA ertaingthertypesof
Montague] i ‘E;:Te‘i‘sf:;’“"‘“ influcnzainfection [Dock] [Yacques Miller] [Milstein and Ksbler] {van der Brugoen) Whnm:’"
3rd century BC 1796 1891 1902 1915 1959 1974 1976 1987 1997 2010 2016 a0
- purposefulinoculation - immunityagainst smallpox -firstattempt to hamess - the first attempts to create - nonspecifc stimulation of - the first ever cancer ~Immune surveillance - IL-2, the T-cell growth ~The frst immune -~ Ritwximab became the first monoclonal antibody the FDA approved - Atezolizumab, another Aeslzmd e

with variola minor virus in through inoculation _w“h the immune system for q@ancer vaccine immune cells can provide a vaccine theory re-emerged factor interleukin 2 checkpoint molecule was approved by the FOA for the treatmen of cancer [Nadler] sipuleucel-T fortreatmentof  checkpoint inhibitor of the et .nhimor Lz
order to prevent smallpox mmmo:d (;)wp::x ;nusA treating bone cancer [Blumenthal and E. von treatment for cancer [Ruth and John Grahams] [Stutman] [Morgan] discovered CTLA-4 4188 (CD137) molecule as thefrstevidence for Tcell  CaStrtion-resitant prostate PD-L1 protein, approved by ﬁ';}):’;’o‘::‘;w;me: by
" oi:r;ey::ﬁy i demonitir;:, amojr:m eﬂ }rsl time [William Bradley Coley] Leyden] [Murphy and Morton] [Brunet) anti-tumour immune fesponse [Melero] cancer the FOA el m:;:ﬂ:e
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UMMyHOTepanus
LinTokmHotepanuga

B cooTBeTCTBMU C 4EUCTBYIOLLMMU KNUHUYECKUMU PEKOMEHJauNsaMn pekoMeHO0BaHo fiedyeHue
MeflaHOMbl NO3QHUX CTaguKn B pexume agbloBaHTHoOM Tepanun npenapatamu U -2 n UHO -
anbda.

[lepBble NOnbITKKU X MPUMEHEHUA Bbinn B Havane 90x rogos. [locne cepum KNMMHNYECKNX
nccnegoBaHum Npenapar NHTeprienknHa 2 6uin ogodbpeH FDA ans Tepanmmn 3roka4yeCcTBEHHOMN
MenaHoMbl B 1998 roay, B 1995 rogy MHTepdepoH ramma.

OcHoOBHbIE NPObeMbI MPUMEHEHUA 3TUX CPEACTB B NPAKTUKE — HEAOCTAaTO4YHasa YacTtoTa
0OBbEKTUBHOIO OTBETA (MO AAHHLIM Pa3HbIX UCTOYHUKOB U UccnegoBaHn oT 4 -6% 00 40 — 100%)
N BblCcOKas YacTtoTa Nnobo4uHbIX adhdekToB. OCHOBHbIE MNODOYHBbIE 3P DEKTHI — NMUXOPAOOUYHbIN
CUHAPOM, ronioBHas 60nb, KNLWEYHbIE PAaCCTPOMNCTBA, LUMTONEHUA U T. O,



UMMyHOTepanus
icnonb3oBaHne aHTuUTEN
CnycTt4a HecKornbKo neT nocre oTkpbliTua B MenblutenHoM n Kenepom (Milstein and Kohler) B 70x rogax
NPOLUNOro Beka rmbpmuaoMHON TEXHOMNOMMN N NOSTyYEHUSI NEPBLIX MOHOKMOHArbHbIX aHTUTEN B 1997 FDA

ono0opsieT PyTykcnmab - MOHOKNOHanbHble aHTuTena k CD20. B HAaCcTOALLNMIN MOMEHT CUHTE3UPOBAHbI
COTHM NpenapaToB MOHOKIOHAIbHbIX aHTUTEN, UCNONb3yEMbIX NPU Tepannn paka.

Phage Display

- = e
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Pl ) ~ b
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Affinity Selection

Immunization Hybridoma SG'QCtiOf‘! in (Biopanning) IRVR\ TSTR-pIIIcoat protein
= Fusion HAT medium 3~5 rounds = =
3 specific phage Amplification ~ 12-mers Random Peptide Libr
=3
© o l
- Screening and —p Amino Acid Sequences Functional Peptides
Fusion Partner : —
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. " - |ESEEsskl 00 /& NN - 000 -O---- with Drugs
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Monoclonal . .
; : Expansion Screenin
Antibodies P :

Identification of

target proteins Development of target therapy
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Therapeutic
Antibodies

Antibody
Technology

Infectious

Transplantation

Oncology

Disease OKT3*, Zenapax*
Synagis, ABThrax Simulect
Cardiovascular

Disease Oghthglmology
ReoPro, Soliris Lucents

First US Approvals A

1975 1980 1985 1990 | 1995 2000
& B ® o |®

N

Hybridoma

Chimeric Humanized

Rituxan, Herceptin,
Mylotarg®, Campath

Inflammation /Autoimmunity
Remicade
Xolair, Raptiva*

Zevalin, Bexxar, Erbitux, Tysabri, Rituxan
Avastin,Vectibix, Arzerra, Cimzia, Simponi, llaris

Prolia, Perjeta, Adcetris,
Kadcyla, Perjeta, Gazyva,

Stelara, Acetemra, Benlysta

\\

Opdivo i i
. *0 z 5 0,
* 06 & & Oo
&5 BEg =
2005 2010 2015 2020
L]
* *

Human, Human, ADC *withdrawn from market
phage mice

\ mouse sequence % human sequence ™=== CDR region /\,* linker-cytotoxic drug
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Antibody-Dependent (ADCC)

Activated T-cell BiTE/Bispecific Ab

Gentically engineered T-cell
(e.g. CAR-T)

Macrophage

Cancer Cell
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Activating Inhibitory

receptors receptors j
CD28 CTLA-4

TIM-3

. o=

s A

~>BTLA HQ\
*\f

Agonistic Blocklng

antibodies Teel antibodies

stimulation
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Tumor escape Elimination of
tumor cells

Without
Immunotherapy

Tumor escape

With
Immunotherapy

Elimination of
tumor cells
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UMmMyHOTepanus
ichonb3oBaHue aHTUTEn.
IMMYHOTOKCUHbI

Anti-ROR1 Antibody PE Toxin

ROR1-Targeting Immunotoxin

er Cells
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Reinfuse posft— Excise

Jb tumor

Select and
expand to

10% cells Plate
fragments

Assay for |
specific tumor
recognition .

Culture with
6000 IU/mL IL-2
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How Does CAR T-Cell Therapy Work?

Step5
Cancer Cells Destroyed

CAR T-cells multiply to
find and kill cancer cells.

“~
N\
Cancer Cefl

4
&

Cancer Cell Destroyed

Step 4
Chemotherapy & Infusion

CAR T-cells are infused into
the patient after a brief
course of chemotherapy.

Step 1
T-cell Collection
T-cells are collected from patient

Step 2
Engineer-Reprogram
Collected T-cells are
engineered in lab to
produce chimeric antigen
receptors (CARs), which
find and kill cancer cells.

0]

Normal T-Cell

\ 4

O

CAR-engineered T-Cell

Step 3

Expansion

Modified (cancer-killing) CAR
T-cells multiply into the billions
in the lab.
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~~ Tumor cell

CAR vector
TCR complex
B
1st Generation CAR 2nd Generation CAR 3rd Generation CAR Combinational approaches
AL EAC
Anti-MSLN r h r 1st targeted 2nd targeted\

scFv antigen antigen

N’ N\t f
B R
§ § cD3C

CD28 or

§ 4-1BB

CD3¢
U CAR CCR )
Cotransduction
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UMmMyHOTepanus
OHKOBaKUWHbI

[lenTuaHble BaKUMHbI
KrneTo4Hble BaKLUUHbI
NHK - BakyMHbI
[1eHOPUTHO-KNETOYHbIE BaKLNHBbI
BakuuHbl Ha OCHOBE NOJTHOPA3MEPHbIX
PaKOBbIX

dHTUIreHoB U NCKYCCTBEHHbIX MMMYHOIE€HOB

BakuuHbl Ha OCHOBE HEOAHTUIEHOB



UMmMyHOTepanus
OHKOnMMTMYECKe BUPYChbI

M
\ IMLYGIC® INJECTION
Mature

Dendritic Cell

ANTIGEN PRESENTATION

IMMUNE ACTIVATION

&

Virally-derived 3

> Immature
by TDA tGM~CS;_; % Dendritic Cell
4 ,.
LOCAL CONTROL S
Cancer Cell
: %%, CANCER INFILTRATION
LOCAL CQNTROL- ‘ ,&',f;*" AND DESTRUCTION
IMLYGIC® is designed to replicate in Necrotic Cell Death Cancer Cell ‘ol s
cancer cells, leading to oncolysis. ."t':'.’ -
f
IMMUNE ACTIVATION! o
Oncolysis releases TDA, virally derived
GM-CSF, and replicated IMLYGIC®,
which may promote an antitumor
immune response.
TDA = Tumor-derived antigens. (]

GM-CSF = Granulocyte-macrophage ',’
colony-stimulating factor.

IMLYGIC

(talimogene laherparepvec)
INTRALESIONAL INJECTION
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