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TpuKAbl-HEraTUBHbIA PaK MOJIOYHON Xenesbl —
rereporeHHas rpynna.
CoBpemeHHble TepaneBTUUYECKUE NepcneKkTUBbI Ha
pa3BUBAIOLWLEMCA MONEKYNIAPHOM naHawadTte

BRCAT-mutant
and BRCAness imimune svstsm

Triple negative
Breast cancer
Basal-like ER negative

it R nogativ EGFR and BmopywuH C.B.

e ;
HER2 negative 4 cytokeratins

Claudin-low
subtype

JcceHUuManbHble npusHakm THPMMK

nmmyHodpeHotun ER-/PR-/Her2-neu -

15-20% OT BCEX KAapLUMHOM MOJIOYHOW XKese3bl
Mmonogon Bo3pact (50% 6onbHbIX Monoxe 50 ner)
arpeccMBHoOe TeyeHue

BbICOKMI MeTAaCTaTUYECKMIN NOTEHLMA

BbICOKWUI PUCK peunamBa (MMKOBbIM XapaKTep)
HebNaronpPUATHbINA KNMHUYECKUIA UCXOL,

BbICOKan cTeneHb Mop$OI0rM4Yeckon, reHeTUYeCcKo, MeTabonyeckom
N UMMYHHOW reTeporeHHoCTH

«napagokc THPMM»
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“A disease defined by negatives is no one disease!”

ER- \ PR-

TNBC

Andrew Tutt, MD, Professor, Head of
the Division of Breast Cancer Research

I C The Institute of
Cancer Research

HER2-

MonekynapHasa knaccupukauma THPMIK

* Lehman et al (2011) nposenn aHanus  « Burstein et al (2015) Ha
reHHom sakcnpeccun 6onee 500 THPMK OCHOBaHMM aHanusa 200 HK u PHK

u Bblgennnn 7 YHWUKA/IbHbIX NO4TUNOB! 601bHbIXx THPMK BblAE AN 4

* BasanbHonoao6HbIN 1 (BL1) noatuna:
* basanbHonoao6HbIN 2 (BL2) * JIIOMUHaNbHbI aHAPOreH-
* UMmmyHOMOZYNATOPHbIN (IM) peuenTopHbIn (LAR)
* Me3eHxumanbHbIn (M) * Me3eHx1MmanbHbIn (M)
* Me3eHXMMaibHO-CTBO/I0NOA00HbIM * ba3anbHONOAO6HbI
(MSL) MMMYHOCYynpeccMpoBaHHbIn (BLIS)
* JIIOMUHaNbHbIN/aHAPOreHPeUenTopHbIN

Ba3asibHONOAO6HbIM

(LAR) MMMYHOQKTUBMPOBAHHbIN (BLIA)

* HectabunbHbin (UNS)
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Knaccugpukauma Lehman Knaccudpukauyma TNBC typed

Burstein

basanbHonogo6HbIM 1 (BL1) ba3anbHOMNOA06HbIM basanbHonogo6HbIM 1 (BL1)
MMMYHOAKTUBUPOBaHHbIM (BLIA)

BasanbHONof06HbIM 2 (BL2) Ba3anbHOMNOA06HbIM BbasanbHONof06HbIM 2 (BL2)
MMMYHOCYNpPeccuMpoBaHHbIi (BLIS)

JTIOMUHAbHbIN aHAPOTreH- JTIOMUHANbHbIN aHAPOreH- JTIOMUHANbHbIN aHAPOreH-
peuenTopHbIi (LAR) peuenTopHbIi (LAR) peuenTopHbIi (LAR)
MeseHxumanbHbIv (M) Me3seHxumanbHbIv (M) Me3seHxumanbHbIv (M)

2011 Burstein four subtypes 2016
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MeseHxnmanbHonoao6HbIn (MSL)

NMmyHOMOAyNATOPHbIN (IM)

HectabunbHbin (UNS)

TNBC Lehmann six subtypes 2015 FUSCC claﬁiﬁuriosn

B nUcciegoBaHUAX

Lehmann et al (2011) Cc Curtis et al (2012)
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Triple-negative breast cancer molecular subtypes across studies. Ti i ic-based and gene expi ion-based subf of triple-negative breast cancer (TNBC) according to PAM5028 (a) and defined by Lehmann et
al.20,22 (b and d), Curtis et al.24 (c), Burstein et al.23 (e), and Jiang el al 25 (f). BLIA basal ||ke immune-activated, BLIS basal-like immunosuppressed, BL1 basal-like 1, BL2 basal-like 2, IM immunomodulatory, IntClust
integrative clusters, LAR luminal androgen receptor, M | stem-like, UNS unstable. Figures was generated by reanalysis of publicly available studies and upeg source
platforms (cBioPortal: https:/Awww. cbioportal.org).
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BasanbHonoaob6HbIe cybTUNDI

* 75-80% BCex cny4yaeB TPOMHOro HeratueHoro PMXK
ba3anbHONOA06HDLIV TUN 1 NI UMMYHOAKTUBUPOBAHHDbIN TUN
* BbICOKME NoKa3atenm nHaekca Ki67

* BbICOKanA YyactoTa nospexgeHnit AHK v reHoB, peryanpytowmx
KNI€TOYHbIN UMK, B YaCTHOCTU MyTaumum TP53

* BbicOKaa amnandukaumna MYC, CDK6 nnn CCNE1, mytaumnii B BRCA2,
PTEN, MDM2,RB1

* HanbonbLaA YacToTa NOJIHOIO OTBETA HA HEO0AAbIOBAHTHYIO
XMMMOTEPaNUIo

BasanbHonoao6HbIe cybTUNDI

ba3anbHONOA06HbIN TUN 2 NI UMMYHOCYNPECCUBHDbINA TUN

* aCCOLMNPOBAH C NOBbIWEHHbIMM MOKa3aTENAMU aKTUBHOCTH
MeTabo/IMYeCKNX NYTEN U CUTHANbHbIX GaKTOPOB POCTa

* CHMXKeHune Konmyectsa B- n T- knetoK, NK KNeToK Kak B
LMTOKMHOBOM, TaK U B UMMYHHOM NYyTU OTBETA

* Xy4LWnN NPOrHos3
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Me3eHXxnmanbHbI cybTUn

* Ha/inuMe MexaHU3MOB, nexxawmx B ocHose IMI
* HU3KaA 3KCNpeccua KnaygmHa

° npeo6na,c|,aHme reHoB, acCCounMnpoBaHHbLIX C ABAEHUAMUN aHTNUOITeHE3a U
KNeTo4YHOU CTBOJ1I0OBOCTU

* NnpeobnagaHMe MeTannacTMYeCcKnX KapumHoOmM

* 4acTo AMCKoresnsHoe cTpoeHue ¢ AnddysHbIM pasobLieHNneM U30IMPOBAHHbIX
CTPYKTYP M K/IETOK B CTPOME

* BbICOKaA aKcnpeccuna PD-L1
* TPOMU3M METACTa30B K SIErKUM

* Ha/n4yme B onyxosieBon ctpome M2 makpodaros, perynAaTopHbiX T-KNETOK u
HU3Koe cogepaHune CD8+ T-kneTok

* Knetku claudin-low onyxonen mosio4HOM Kenesbl, OTANYAOTCA HaMYMEM
«ME@3EHXMMa/IbHbIX» NPU3HAKOB (NoBblleHHan akcnpeccna CD44, BUMEHTHHa,
N-cadherin, H1U3Kasa cteneHb audpdepeHUNpPOoBKN)

LAR cy6tun (luminal androgen receptor subtype)

* PE3KO BbIpa*KeHHas 3KCnpeccus peLentopos aHaporeHos (AR)

* OMYXO0/IN NPOABAAKT IOMUHANbHbIMA NATTEPH B SKCMPECCUMU FreHOB
(BblcoKkan akcnpeccua FOXA1, GATA3, SPDEF, XBP1)

* BblfiBNEHbI MyTaunmn B PIK3CA (55%), KMT2C (19%) n CDH1 (13%)
LAR cy6T1n accoumnmpoBaH ¢ 60s1ee NoXKMAbiM BO3PaCTOM NALMEHTOK

* XapaKTEepPHO Ha/n4YKMe anoKpMHOBOM anddepeHLMpPOBKN
* HU3KME 3HaYeHUnA nHaekca Kie7
* oTcyTcTBME 3Kcnpeccum AR - quadruple-negative breast cancer (QNBC)
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LAR cy6Tun (luminal androgen receptor subtype)

* HanbonbLIaA YacTOTa MeTaCTaTUYECKOro NOPaXKEHUA PErMOHANbHbIX
nmmooysnos

®* TPONU3IM K MEeTACTaTU4eCKOMY NMNopa*KeHUo KocTen

* Hanbosblan YCTOI‘;I‘-IMBOCTb HOBOO6pa3OBaHVIFI K Heoa,ﬂ,'bIOBaHTHOl\;I
XMMmunoTepanmm ¢ Ucnosib3oBaHNeEM aHTPaAUNKINHOB I/I/I/II'IM TaKCaHOB

* yactoTa pCR onyxonu coctaBaset uytb 6bonee 14%

* BbICOKasA YyBCTBUTE/IbHOCTb K aHTUAHAPOreHHbIM NpenapaTam
(bukanyTamuay u aH3anytamuay)

* LAR-KNeTo4YHble TMHUN UMEIOT NPAKTUYECKN conocTaBumyto ¢ ER-
no3ntnesHo MCF7 KneTo4yHOM NMHUEN BbICOKYH YYBCTBUTE/IbHOCTb K
CDK4/6 nHrubmutopam

* YyBCTBUTE/IbHbI K ABOMHOMY MHIMBUpoBaHuto PI3K 1 mTOR

11

Cxoactea U pasnnuuma
B MONEKYAAPHbIX Knaccnpukaumax THPMIK

BL BLI BL2  BLIS BLIA M MSL UNS LA HERZ-¢ AR+ QN CLDN-I CLDN-h
Lehmann ef al.
Burstein et al. -
Duetal. - -
Barton et al. _
Lehmann et al.
Prado-Vizquez et al. - -

BLIS: Basal-like immune suppressed. BLIA: Basal-like immune-activated. IM: Immunomodulatory. M: Mesenchymal. MSL:
Mesenchymal stem-like. LAR: Luminal androgen receptor. UNS: Unstable. LA: Luminal/apocrine. HER2-e: HER2-enriched.
AR+: Androgen receptor positive. QN: Quadruple-negative breast cancer. CLDN-I: Claudin-low. CLDN-h: Claudin-high.

Garmpis N, Damaskos C, Garmpi A, et al. Molecular Classification and Future Therapeutic Challenges
of Triple-negative Breast Cancer. In Vivo. 2020;34(4):1715-1727. doi:10.21873/invivo.11965
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B3aumopgeuncresmus
B MOJIeKyAapHoU Knaccudukaumm THPMK

Triple-negative breast cancer
(lack of ER, PR, and HER2 by IHC/FISH)

Transcriptome Proteome Genome Epigenome Immune BRCA-related

PAMS50 subtypes Surface epithelial  MuUCNA pathways - inal - Inflamed
TNBC types Cytosolic/nuclear  (p|3K/AKT/mTOR, RTKs Banect
JAK/STAT, NOTCH)
Mutational signatures
BRCA1/2 mutant
(germline or somatic)
Hypermutation
I i MMR ici
PDJ amplicon bl APOBEC
Stromal axes ggcaness characterization
AR-positive Integrative clusters BRCAT promoter
HRD score
Basal (IHC/PAMS50)
Tumor BRCA
AACR ey
Ana C. Garrido-Castro et al. Cancer Discov 2019;9:176-198 CAN C ER D | SCOVERY
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FeteporeHHocTb THPMIXK - HepelweHHana 3aragKa

* iccnepoBaHUA NoAYEePKUBALOT HEOTbEMAEMblEe NPO61eMbl, CBA3aHHbIE
c onpepeneHnem THPMM, NOCKO/IbKY OHU HE YETKO OTpaXKaloT
MOIEKYJIAPHYIO CYLLLHOCTb.

* YTO ABNAETCA 04EBUAHbIM, TaK 3TO TO, YTO NHOMUHaANbHbIE (ER+ nan AR+)
N HEeNtOMUHaNbHble (6a3anbHble U Me3eHXMMaNbHbIE) ONYX0IN UMEIOT
O4YeHb Pa3Hble 3BOIIOLMOHHbIE MYTHU, 0BYCNOBIEHHbIE TMCTOTEHE30M U
Pa3INYUAMMU B SNUTEHETUYECKNX NPOoLLeCcCax.

* MeTtactatnyeckuint THPMXK aemoHcTpupyeT 6onbluyto 6UONOrMYECKYIO
reTeporeHHOCTb U FEHETUYECKYHO C/IOXKHOCTb MO CPAaBHEHUIO C paHHEN
cTagunen.
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TepaneBTuyeckue noaxoabl npu THPMK

Basal like 1 Sub- | Characteristics Molecular Basal like | ‘
211% 17.9% types Target o]
Proliferation drivers such | PARP1, RADS1, PLK1,
as cell cycle, ccll division | TTX, CHEX1, Treatmeat
and DNA replication
Growth factor and | EGFR, mTOR, MET, Cell cycle control, DNA |  Antimitotic agents
metabolic signaling with EPHAZ ‘damage response and high | such as platinum salts
myoepithelial markers iferati and
£ lai-to-mesenchymal PI3K, mTOR, IGF1R, of EGFR,| Antimitotic agents
umn and !: Mm; FGFR “TP63, MET and activation | such as platinum salts
differentiation of mnﬂyﬂl and | and PARP inhibitors
DNA damage responses | PARP1, RADS1, PLK1, Laas
and cell proliferation TIX, CHEK1, AURKA/S ey mu::;.:u &
Hormonale-mediated AR, Hsp30, PI3K,
signaling-androgen FGFRA
receptor
Epitelial-to-mesenchymal SRC, PI3K, MEK1/2, Anti-androgen
transition, differentiation, | mTOR, PDGFR, NFkS, therapies
anglogenesis, stemness, | FGFR, IGFR, TGFBRIIN
growth factor
JAK %, LYN, STATs,
signaling IRF1/7/8, BTK, NFk8

L. Gerratana, D. Basile, G. Buono, S. De Placido, M. Giuliano, S. Minichillo, A. Coinu, F. Martorana, I. De Santo, L. Del Mastro, M. De Laurentiis, F. Puglisi,
G. Arpino,Androgen receptor in triple negative breast cancer: A potential target for the targetless subtype,Cancer Treatment Reviews,Volume 68,

2018,Pages 102-110,https://doi.org/10.1016/j.ctrv.2018.06.005.

15
* Anti-androgen therapy * PMTiLs
* Enrichment in PIK3CA * M PD-L1
mutations * Enrichment in
« Potential immune-response
combinations of anti- genes
androgens with CDK * Immune checkpoint
4/6 and PIK3CA . inhibitors
inhibitors Luminal
Immune-
BHEEORsn enriched
receptor MAPK pathway
BRAF and MEK
inhibitors
* BET inhibitors
Potential
HER2 (HER2-low) combinations with
PI3K/AKT/ DNA icls
mTOR repair
activated deficiency
* PIK3CA mutations * BRCAland 2
« PTEN loss mutations and
* Selective PIK3CA and BRCAness
AKT inhibitors * HRD scores
* Potential * Platinum compounds
combinations with ICls * PARP inhibitors
Marra, A., Trapani, D., Viale, G. et al. Practical classification of triple-negative breast cancer: intratumoral heterogeneity, mechanisms of drug
resistance, and novel therapies.npj Breast Cancer 6, 54 (2020). https://doi.org/10.1038/s41523-020-00197-2
16
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NanpwadTt KNMHUYecknx uccneposaHnn THPMXK

HSP90 inhibitor

1% ADC
5%
HDAC inhibitor
3% Other target
inhibitor
CDK inhibitor 14%
AR inhibitor
4%
Immune
Immunotherapy checkpoint
PARP1 inhibitor 369 inhibitor
4
23%
MEK inhibitor
3%

Protein tyrosine
kinase inhibitor
15%

Xupeng Bai, Jie Ni, Julia Beretov, Peter Graham, Yong Li,
Triple-negative breast cancer therapeutic resistance: Whereis the Achilles’ heel?
Cancer Letters,Volume 497, 2021 https://doi.org/10.1016/j.canlet.2020.10.016.

Anti-tumor
immune
promoter
5%

Vaccine
4%

1%
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- Metabolism |

+Immune hot
+CIN high - 5q/15q region loss - Adaptative & innate immunity
+B7-H4 +Most immunomodulatory target
-IDO1

(including PD1, PDL1, and CTLA4)

\
olytic virotherapy |
DNMT inhibitors |

\
\
i
i
i
I

int
i

+Innate immunity

+Metabolism Lymphangiogenesis

b -Retained RB1

*Retained RB1 -CD39/CD73
*GARP/TGI

*CSFIR

-

CDK4/6 inhibitors
ti J

DI
Anti-metabolite

«Immune cold
+Hypoxia

VEGF inhibitors
ncol

TIME classification

y \

i 1

| ! Stro

H Vi | -Stroma

| HDAC/DNMT nhibitors | P G M Fully inflammed
ks t ion loss

L eHinhibtos | .rHe I Stroma restricted

. Ant-metaboltte___// 1 Margin restricted

Immune cold

Bareche Y, Buisseret L, Gruosso T, Girard E, Venet D, Dupont F, Desmedt C, Larsimont D, Park M, Rothé F, Stagg J, Sotiriou C.

Unraveling Triple-Negative Breast Cancer Tumor Microenvironment Heterogeneity: Towards an Optimized Treatment Approach.
J Natl Cancer Inst. 2020 Jul 1;112(7):708-719. doi: 10.1093/jnci/djz208. PMID: 31665482; PMCID: PMC7357326.

Ha nytu K npeunsnoHHon ummyHoTtepanuu THPMXK

18
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Accoumauma TPAaHCKPUNTOMHbIX NOATUNOB
THPMX c gpyrumu xapaktepuctTukamum onyxoau

genomic

transcriptomic

cell cycle upregulation
DNA repair activation
immune response
downregulation

immune cell signaling

cytokine signaling
8
a

stem cell pathways

JAK-STAT3 activation

type 2 “cold” tumor:
androgen receptor signaling "‘“"'I """‘I nes
HER2 signaling §.

microenvironment

clinical

Zhao S, Zuo WJ, Shao ZM, Jiang YZ. Molecular subtypes and precision treatment of triple-negative breast cancer.
Ann Transl Med. 2020;8(7):499. doi:10.21037/atm.2020.03.194
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TpaHcdpopmauma napagurmol nedeHna THPMK

MonekynapHbii nogtnn THPMMK
nosBosfeT nAeHTMdUUMpPoBaTh
MOJIEKYNAPHO-TOMOTEHHblE
rpynnsi c oboraweHvem
onpeaeneHHbIX reHOMHbIX
N3MEHEHU.

KnnHunyeckme nccnenosaHua
KOHKPETHbIX NOATUNOB MOTYT
6bITb 3GPEKTUBHBIM METOA0M
pa3paboTKM NeKkapcT..

Mo mepe HakonNeHWA AaHHbIX
KAMHUYECKUX UCMbITAaHU
napagurma Ie4eHmns B KOHTEKCTe
TPaHCKPUNTOMHOIO NoATUNA
MOXET BbITb OKOHYaTEeNIbHO
pa3paboTaHa M aganTMpoBaHa
ANA nauyeHTos ¢ THPMXK.

PIK3CA/AKT1/PTEN
altered =9 PI3K pathway inhibitor

BRCA 1/2-mutated == platinum, PARP inhibitor

BUS  high HRD or BRCA1/2 mutated = platinum, PARP inhibitor

Zhao S, Zuo WJ, Shao ZM, Jiang YZ. Molecular subtypes and precision treatment of triple-negative breast cancer. Ann
Trans| Med. 2020;8(7):499. doi:10.21037/atm.2020.03.194
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Mopdonornuyeckasa rereporeHHocTb THPMXK
f'McTtonatonorua sce elle BaXKHa?

*He Bce 6a3anbHble KapuuHOombl M B uUenom THPMK
obnapatot OAMHAKOBbIMM rMCTONaTONOrM4YEeCKUMM
XapPaKTePUCTUKAMMU N  OAUHAKOBbIMW MPOTrHOCTUYECKUMMU
0CObeHHOCTAMM.

* PaccmoTpeHune BCEX THPMX KaK arpeccuBHbIX

HOBOOOPAa30BaHMM HE COBCEM MPaBUIbHOE, MOCKO/bKY
roynnosaa geéuHunuma THPMK  Bkawouyaetr B cebs
KapumHombl low n high grade.

21

PasHo06pa3HbIv cnekTp mopdonornun THPMMNK

Low grade:

* a/eHOUAHO-KMUCTO3HAA KapuuHOMa

* CeKpeTopHasa KapuMHoMa

* pnbpomato3o-nogobHas KapLumHoma

* a1eHOCKBAaMO3HaA KapuMHOMa HU3KOW CTEMEHWN 3/T0KaYeCTBEHHOCTU
* KapLWHOMA 13 BbICOKMX KNETOK € 06paTHOM NOAAPHOCTbIO
High grade:

* MHBA3MBHaA NPOTOKOBAA KapumHoma, NOS

* NAOCKOK/JETOUYHas KapLMHOMA

* BEpeTeHO-K/JEeTOYHas KapuuMHoMa

* MeTanaacTUyeckas KapunmHoma

* KapuWHOMa C reTeposIorMyHbIMK 31eMEHTaMU

* KapuuHOMa C MeaynAapPHbIMU NPU3HAKaMK

* Bo/blUNHCTBO (88%) - UHBA3UBHAA NPOTOKOBaA KapuuHoma NOS (grade 3)
22
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Histologic Type Main genetic features/Therapeutic targets

Adenoid-Cystic Carcinoma MTB/MYBL1 activation

Secretory Carcinoma ETV6-NTRK3

Other salivary gland-like tumors (adenomyoepithelioma, polymorphous | - PIK3CA (adenomyoepithelioma)

carcinoma, mucoepidermoid carcinoma) - PRKD gene rearrangement (polymorphous carcinoma)
- MAML2 rearrangements (mucoepidermoid
carcinoma)

Low-Grade Adenosquamous Metaplastic Breast Carcinoma PIK3CA mutations, lack of TP53 mutations

Solid Papillary Carcinoma with Reverse Polarity (solid papillary breast IDH2 R172 and PIK3CA hotspot mutations
carcinoma resembling the tall cell variant of papillary thyroid

neoplasms)

Invasive ductal carcinoma NOS BRCA1, TP53

Metaplastic Carcinoma TP53 mutations, PI3K and WNT pathways, MSL and
claudin-low genetic similarities, epithelial-to-
mesenchymal transition markers

Apocrine Carcinoma AR expression (LAR subtype), PIK3CA pathway
mutations

Medullary carcinoma Correlation with IM intrinsic molecular subtype

Filippo Borri, Annarita Granaglia,Pathology of triple negative breast cancer, Seminarsin Cancer Biology,2020, https://doi.org/10.1016/j.semcancer.2020.06.005.
23

3Ha4yeHue
KNAMHUKO-NATONOrM4YecKmnx xapakrepuctuk THPMM

* Balkenhol MCA, Vreuls W, Wauters CAP, Mol SJJ, van der Laak JAWM, Bult P.
Histological subtypes in triple negative breast cancer are associated with specific
information on survival. Ann Diagn Pathol. 2020 Jun;46:151490. doi:
10.1016/j.anndiagpath.2020.151490. Epub 2020 Mar 3. PMID: 32179443.

* Naoko Honma, Hideaki Ogata, Akimitsu Yamada, Yoko Matsuda, Keiichi Kontani,
Mika Miyashita, Tomio Arai, Eiichi Sasaki, Kazutoshi Shibuya, Tetuo Mikami,
Masataka Sawaki, Clinicopathological characteristics and prognostic marker of
triple-negative breast cancer in older women, Human Pathology, Volume
111,2021.

24

12



04.05.2021

3aK/n4yeHue:

* THPMX - aTo reTeporeHHoe 3ab0/ieBaHME, KOTOPOE BKAtOYaeT B cebs pasnyHble
rMCTOJIOTMYECKNE U MONEKYNAPHbIe NOATUMbI C PAa3HbIMU UCXOZ4AMMN.

* Ha AaHHblﬁ MOMEHT MONIEKYNAPHAA KJ'IaCCMd)MKaLI,Mﬂ AO/1XKHa MCNO/1b30BaATbCA B
KayecTtse JOMNOoJ/IHEHUA K rMcTonaTo/iorMyeckom oueHKe, a He ee 3aMeHbl.

* TpagMUMOHHAA OUEHKa TUCTONOTMYECKUX MNepemMeHHbIX Mpu  HagaexKawem
BbINONHEHMM obecneymBaeT I'IpOCTOl‘;L He,u,oporoﬁ N BbICOKOTOYHbIN meTo4 OUEHKH
brnonornyeckmx XapPaKTEPUCTUK ONYXOJZIN U NPOrHO3a NauneHTa.

* He Bce THPMMX umeloT nAoXoM MPOrHo3, M No3ToMy CcTpaTUOUKaALUMA pPUCKA
Heobxoanma Ana aganTtaumu, scKanauuu/aesckanaumm Tepanuu.

* Kaxgblh  noatTMn  onpeaensetcad  KOHKPETHbIMW  TPAHCKPUNTOMHbIMKU U
reHeTUYeCKMMM  U3MEHEHUAMM,  KOTOopble  MOTeHUMaNbHO  MoOryT  ObITb
TapreTMpoBaHbl.

* bonee TO4YHOEe onpegeneHve «uUMmyHorpammbl» THPMMX Heobxoammo ana
npaBuabHOro oTbopa MauMEHTOB ANA JIeYeHMA Ha OCHOBE MMMYHOTEPANUuU W,
OAHOBPEMEHHO, [ANA peanu3auuMM WMHHOBAUMOHHbBIX CTpaTernMi MnosblleHUA
UMMYHOTeHHOCTU.

25

3aKn4vYeHue:

THPMMX aBnsetca WUcKAouUTeNbHO pabouymm TEPMUHOM, Yy4YUTbIBasA
BbIPa*KeHHY0 rMCTONATO/IONMYECKYH0, TPAHCKPUNTOMHYIO U TEHOMHYIO
reTeporeHHOCTb, KOTOPaA OXBaTbiBaeT 3Ty noarpynny PMIK.

MpumeHeHMe TexHonorMn multi-omics u  GBUOKOMNbIOTEPHbIX
aNropmMTMOB, A TaKKe HOBbIX AM3AaMHOB K/IMHUYECKUX MCCNen0BaHUMN
HaCTOATENIbHO HeobXxoAuMbl ANA pPaACWIMPEHUA TepaneBTUYECKOro
apceHana npotme  THPMX wun  ¢dopmupoBaHua nyT" K
WHOMBUAYANU3UPOBAHHOMY NPOTUBOOMYXO/IEBOMY JIEHEHMUIO.

13
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Cnacubo 3a BHUMaHue!

27

“Crparterus tbicaum nmy,”

14



