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PagnoHyKnnpgHasa
UMMyHOOHKONOMMA

OHKONUTUUYECKME BUPYCHI
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KnetouHasa tepanusa (CAR)
AeHApUTHbIE BaKLUHDI
MPHK/OHK BaKuuHbI
MenTnaHble BaKLMUHbI
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Cxema peucrsua npenaparos MPHK BaKkuuH.

@ mRNA uptake

Stimulation of innate immune system Activation of adaptive immune system Balanced cellular and humoral
Administration Target expression and presentation Expansion of antigen-specific T- and B-cells immune response

Lymph node Target
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HakonneHne CNOHTAHHbIX MyTaLI,VIi;I B TBepAbiX onyxonax

REVIEW Disease Models & Mechanisms (2014 ) doi:10.1242/dmm.015974
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Fig. 1. Mutation burden and cancer incidence. (A) Comparison of the mean number of non-coding mutations per genome in tumours of different tissues
(raw data from Lawrence et al., 2013). Error bars show the standard error of the mean. (B) UK annual incidence of various malignancies [Cancer Registry
Statistics, 2011; (www.ons.gov.uk) and the Cancer Research UK website (www.cancerresearchuk.org/cancer-info/cancerstats/)]. An asterisk (*) signifies that
the incidence data refer to the tissue of origin, rather than the specific cancer subtype shown in A (e.g. lung cancer rather than lung squamous cell or
adenocarcinoma). CLL, chronic lymphocytic leukaemia; DLBCL, diffuse large B-cell lymphoma.

Dis Model Mech. 2014 Aug;7(8):941-51. Acute myeloid leukaemia: a paradigm for the clonal evolution of cancer? Grove CS!, Vassiliou GS
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Fig. 4. Age incidence of cancer. (A) Cumulative risk of cancer versus age. This plot shows the risk of suffering a given cancer before a particular age. (B) Log-
log representation of the incidence of different cancers (cases per year per 100,000 people) versus age. The regression lines highlight the approximately
geometrical increase of cancer incidence with age, although the association is imperfect and only correlative for some cancer types (54). k denotes line slope.
U.S. cancer-incidence data are from the SEER (Surveillance, Epidemiology, and End Results Program) Cancer Statistics Review (data are from 2008 to 2012
and include any race and both genders, unless otherwise specified; M, men; W, women).

Science. 2015 Sep 25;349(6255):1483-9. Somatic mutation in cancer and normal cells. Martincorena I, Campbell PJ

v CrNOHTaHHble MyTaunUN HaKaNn1nBakoTCA
no mepe CTapeHnA. 7 MOTyT NpnBOoAUTb K

PaKy.

v'TloNHO reHoMHoe ceKkBeHMnpoBaHUNE
Nno3BONAET OTCNEeanTb U YBUOETH B
A4eTanAx 3ToT npouecc

v'Hanbonee mytabenbHbiMU ABNAIOTCA
anuTennanbHble TUMbl ONyxonen TK
MeNlaHOMa, PaK KMLIEYHUKA, KeyaKa U
NNETKUX.

v’ [1aHHbI€ TUMbI ONYyX0Nen MOryT
coAepaTb 3HAYNTENIbHOE KONMNYECTBO
HEOAHTUTEHHbIX 3NUTOMNOB, YTO ABNAAETCH
ONTMMaNbHbIM NOKa3aHUeM A4
NepPCcOHNPULUNPOBAHHOMN BAKLMHHOM
Tepanuu
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MepcoHUPUMUUPOBaAHHDbIE BaKLMHbI B KIUHUKE —

“nacrynnenume”! > 50% OtserT!

Nature. 2017 Jul 13;547(7662):222-226. Personalized RNA mutanome vaccines mobilize poly-
specific therapeutic immunity against cancer.
Sahin UY23, et al

All patients developed T cell responses against multiple vaccine neo-epitopes at up to high single-digit percentages.
Vaccine-induced T cell infiltration and neo-epitope-specific killing of autologous tumour cells were shown in post-
vaccination resected metastases from two patients. The cumulative rate of metastatic events was highly significantly
reduced after the start of vaccination, resulting in a sustained progression-free survival. Two of the five patients with
metastatic disease experienced vaccine-related objective responses. One of these patients had a late relapse owing to
outgrowth of B2-microglobulin-deficient melanoma cells as an acquired resistance mechanism. A third patient developed
a complete response to vaccination in combination with PD-1 blockade therapy. Our study demonstrates that individual
mutations can be exploited, thereby opening a path to personalized immunotherapy for patients with cancer.

Nature. 2017 Jul 13;547(7662):217-221. An immunogenic personal neoantigen vaccine for patients with melanoma.
Ott PAY23, et al

Of six vaccinated patients, four had no recurrence at 25 months after vaccination, while two with recurrent disease were
subsequently treated with anti-PD-1 (anti-programmed cell death-1) therapy and experienced complete tumour
regression, with expansion of the repertoire of neoantigen-specific T cells. These data provide a strong rationale for
further development of this approach, alone and in combination with checkpoint blockade or other immunotherapies
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HoBoe nokoneHne nepcoHndunuymposaHHbix MPHK BaKuuH
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Ncnonb3oBaHume coBpeMEHHbLIX MEeTOA40B NTEHOMHOIO -TPaAHCKPUNTOMHOIO CeEKBEHUPOBAHUA U 6bICTp0171
MaTeEMATUYECKOMN paCLUM(I)pOBKM, co3gaHune 6as3 AdHHbIX MYTAHTHbIX BAPUAHTOB OHKOINEHOB
onyxoneBblX KNETOK - KHEOAHTUTEHOB» - CO34aCT next-generation I'IepCOHM(I)MLI,VIpOBaHHbIX BaKUuH
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BaKkuuHHaa yactnua - “ Magic Bomb ”

JlIunngHaa ob6onovKa

MPHK, KoaupytoLw,aa OHKOQHTUTEeHbl

agbloBaHT

aHTMTEeNa cneunduyHbie NPOTUB
YHUKanbHbiX DC peyentopos

PEG modification
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CyLlecTBYIOLLAA TEXHONOrMA NPUTOTOBIEHUA
vyHuBepcanbHou mPHK BaKuUuHbI
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JloKanbHOEe npon3soacTso nepcoHndumnuymnposaHHbiXx MPHK BaKkuuH

{ Biopsy needle

B3

ABTOMaTU3NPOBAHHbLIN

O6paboTKka NnepcoHanbHbIX
NGS ananus P P CUHTE3 OJIUrOHYKNeoTuaoB

OaHHbIX B obnavyHom data
center

ABTOMaTU3MpPOBaHHbIN
CUHTE3 KOHCTPYKLUI

&

AHanus npenapara

nunonsfiekcoB -

ABTOMaTM3NPOBaHHbLIN ABTOMaTU3UPOBaHHbLIN
CUHTE3 NUMonmneKkcos ouunctka MPHK

ABTOMaTU3NpPOBAHHLIN
cuHTe3 BakuuHHon MPHK



Ctpyktypa MPHK u BbibpaHHblIe aHTUreHbI
ANA MeNaHOMHOM BaKLMUHbI

| Special signal | Special signal
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5’-UTR L1 P1 Oncoantigene sequence L2 3’-UTR Poly A tail
5-UTR L1 P1 Peptide | \iver | PEPHI® | iiker REptice L2 3-UTR Poly A tail
n n+l n+25
e e
Immunogenic oncoantigene peptide Immunogenic oncoantigene peptide

v Pa3paboTaHa CTpyKTypa PpYHKLMOHANbHO-aKTUBHbIX BapnaHToB MPHK.

v’ BblbpaHbl KaHAMAATbl — OHKOAHTUreHbl Ana menaHomHo MPHK BakumHbl. Co3aaHbl
KOHCTPYKUUKn gna IVT.
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OcHoBHble pepmeHTbl U cTaguun cuHtesa MPHK ana BakuyuH
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v’ MopobpaHbl ycnosua nonyyeHna MPHK amnonnekcos.
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v’ dopmupyroLmecs Yactmubl 061aaatoT He0bXOAMMbIMU Pa3MmepaMmn U COCTaBOM ANA

MCNOoN1b30BaHUA B COCTaBeE BaKLUUH.
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In vitro TpaHCKpPUNUUA € UCNO/Ib30BaHUEM «AOMALLUHEN» CUCTEMDI
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lnnocomanbHaa popma MPHK

[j HZO —) —)
CTOK NnMnNnaoB Hacoc c - akcTpy3uns 200 Hm,
EtOH MUKPOMOTOKOM Lam - 100 HM, 50 HM
CTpyKTYypa BaKUMHHO AMNOCOMAbHOM YacTULbl
surface-bound mRNA Lf’
2 .. encapsulated b
2 MRNA Hacoc c NNOCOMBI
' | MUKPOMOTOKOM
MPHK

DSPE-PEG

[Mpenapat nHkancynMpoBaHHOM B

nunoncombl MPHK
MopobpaHbl nabopatopHble ycnoBua nonyydyeHna mPHK nnnonnekcos.

dopmumpylolmecs Yactmubl 0bnaaatoT HeobxXxoAMMbIMUK Pa3MepamMm U COCTaBOM A UCMONb30BaHUS B

cocTaBe BaKLMUH.
RNext — mepanesmuuecKue PHK



©BIOCAD 2017

Pasmep 200 — 210 Hm
3arpy3ka mPHK BHyTpb annocom ~ 80 %
KoHueHTpauua mPHK 0.30 - 0.75 mr/mn

Diameter (nm}): 219.5

Salntensity
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Diameter (nm): 23.3
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v’ MopobpaHbl ycnosua nonyyeHna MPHK amnonnekcos.

JIunocomanbHaa popma mPHK.
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[OHK-anekTpodopes B arapo3HoOM rene

v CDOpMVIpYI-OLLI,MECFI YaCTuLbl 06na,c|,a+0T HEO6XO,£I,MMbIMVI pasmepamm U CoCtaBom AsAa UcCrnosib3oBaHMNA B

COCTaBe BAKUHUH.
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Kneto4yHble TecTbl ANA aHaNAU3a

oC akTuBHoct mMPHK BakuuHbi (2018)
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MunoTtHble nccnepoBaHUAa aKTMBHOCTU MPHK
BaKLMUHbI B MbILULMHOU moaenu menaHombl (2018)

- /

Wi tumour cells

Immunodeficient mouse

reconstituted with human
DCs, Bceells and T cells 0\

el T

Mpenapat menaHOMHOM
MPHK BaKUMHbI

2l Mpenapart checkpoint IgG n
Apyrue agbloBaHTbI

Human tumour xenoaraft
Melanome cells
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JanbHeUwee pa3BUTUE TepaneBTUYECKOro
nona ana mMPHK B BUOKA/

* B ganbHenwem nnatpopmy mPHK BaKkuymH
NJAAHMPYETCA PACNPOCTPAHUTDL ANS

TareTMpoBaHUA Pa3INYHbIX TUMOB amenere
MMMYHHbIX Knetok (TIL, NK, Macrophages u Hrenn
Ap.) B 06/1aCTM ONYX0NK, C LiebIo o A T—
MaKCMMaNbHOro YBE/IMYEHMNA AaKTUBHOCTHU o —— PR
KJIETOYHOro NPOTUBOOMYXONEBOrO ), @k il Al
MMMYHUTETA. %% owarcea vemewe () @ 0@ Q9O
] ) @ o e @ CO D ;;é?‘ CB

* Kpome TOro, 3HauMTeIbHOM NepCcrneKkTUBoM @ oo comeme © o © ¥ )
Pa3BUTUA AaHHOM NAATPOPMbI ABNAETCA ,_ 3 e O O
BO3MOHOCTb €€ UCMO/Ib30BaHUA AN @ e e
MaKCUMMabHO BbICTPOM pa3paboTKu |
nponssoacrtesa MPHK BaKUUH NpoTmB ) e vouewe
NHPEKLMOHHbIX 3a60n1eBaHNIN BUPYCHOWN e—
npupoapbl U metabonnueckux 3abonesaHui. SR ﬁ ' o
MoTeHUManbHO AaHHaa naatdopma - —
NMo3BO/IAET CO34aTb U MPOU3BECTU OT COTEH Nl Sl Rev, 2014 Jl 146(35206-$12.The hepatis B irus-assoclated tmor microsnironment n epatocelular

TbiCAY 40 MUIZIMOHOB A03 NpenapaTa B
TEYEHUN HECKONbKNUX MeCALEB.
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OC bpaTtcTBO BaKUMH
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