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310Ka4YyeCcTBeHHaaA onyxo/b

KapumHombl (pak) — pa3BmBatoTCA
n3 anutenna, 90% onyxonen. Euwe
CAapKOMbI, NENKO3bI, ...

EAVHMYHbIE KNEeTKMN KOTOpPbIE
obpenn cnocobHOCTL K
H6eCKOHTPO/IbHOMY AENEHNUIO,
BC/IeACTBME MYTALMM B reHax
KOHTPO/INPYOLWMX KIETOYHbIN POCT.

PaKoBbI reHOM noaaeprKMBaeTca
MYTaUMAMMU B FreHax,
obecneymBatowmx penapaumnto HK.
Bo3HMKaeT myTaTopHbIN peHoTu.

3N10KayecTBeHHbIE ONYyX0Nu -

reHeTUYecKue 3abonesaHus. , .
Human melanoma cell undergoing cell division

Credit: Paul Smith & Rachel Errington, Wellcome Images



[1lobpoKauecTBeHHbIE U
3/10KaueCcTBEHHbIe ONyXoau

JobpoKauecTBeHHbIE

Malignant versus Benign Tumors

* MeaJIeHHbIN POCT

Benign (not cancer) Malignant (cancer) ®* HeT MHBA3Un Unu

tumor cells grow cells invade

ly locall d i
epread by PG e borg lesien MeTacTa3npoBaHUA

enter blood vessels,
metastasis and metastasize to

different sites ° BbICOKO,EI,Md)d)epeHLI.MDOBaHbl

3/10KayecTBeHHble
BCe HaobopoT

WWWw.Ccancer.gov



http://www.cancer.gov/

What Causes Cancer?

Some viruses or bacteria

Some chemicals Radiation

Heredity
Diet
Hormones

NJATIONAL
ANCER

INSTITUITH

WWW.cancer.gov


http://www.cancer.gov/

MyTtauuu u pak

Mutations, mutations, mutations...
The unifying principle of tumour development

Damage Events per cell per day
Single-strand breaks 55,000
Depurinations 13,000
Depyrimidinations 650
Guanine-06 methylation 3100
Cytosine deamination 200
Thymine glycol 270
Thymidine glycol 70
Hydroxylmethyluracil 620
Guanine-8 oxygenation 180
Interstrand cross-link 8
Double strand break 9
DNA-protein cross link unknown




Tnunbl MyTauun

* ComaTtnyeckas
— Bo3HuKaeT de novo B [IHK KneTtok combl

— He nepepaetca NOTOMKam

Oba Tuna

I'epMMHaTMBﬁ‘
* leHepaTtuBHasna (germline)

— B [1HK nonoBbIx KNEToK SRS TS

— [lepepaeTca NOTOMKam

— YBeNN4YMBaETCA PUCK, HO COMATUYECKME
MYTaLIMKN BCe paBHO HY»KHbI (cancer family
syndrome)

— cuHapom Jin-dpaymenun, BRCA1/2 pna PMMK

CHALLENGE:
anddepeHumposatb somatic/germline npu cekseHMpoBaHuU



KAoHanbHaA 3BoaoUUA PAKOBbLIX K/1ETOK

_
Onyxorb MPONCXOOUT U3 KIETKW, :(‘J;_ -
KoTopasi npuobpeTaeT .
NPenmyLLEeCcTBO B CKOPOCTM e

nponudgepauunn. ;
- [lapBMHOBCKWUIA OTOOP pakoBbIX -
cbeHOoTUMOB. ;
* JleyeHune — TOXXE (hakTOp OTOOpPAa
PE3UCTEHTHbIX OMYXONeBbIX
KNeToK | |
- Betpawlascs agonouusi. Hoeble e [ o maasses.
KIOHbI HE MOMHOCTbIO BbITECHSAIOT e T
npexHue =\ R
- [eTeporeHHOCTb — cneacTBue  BER
9BOSIOLMMN KITOHOB "D o @5 mezamatora, cot. 2012 vy

CHALLENGE: pabotaTb ¢ pa3HbiMmu cybKnOHaMmu onyxoam



B Regional Distribution of Mutations
Ubiquitous Shared primary Shared metastasis Private
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63% MyTauMm He OOHapPYXMBaKTCA BO BCex obpa3suax

C Phylogenetic Relationships of Tumor Regions

M Ubiquitous
Shared primary gl R2
8 Shared metastasis y R9T\R’ KoHBepreHTHasi aBontounsi — HesaBMcHMMas
i KDMS5C (mi h o
S TR (e Q PP noTeps dyHKUMIA cynpeccopoB SETD2, KDM5C
., B PasHbIX y4acTKax onyxonu
SETD2 (frameshift)
SETD2 (splice site)
Normal tissue 8
T i'Ma

Pasnnyma B reHHOW 9KCNpeccun — cUrHaTypbl
XOPOLLEro 1 nnoxoro oTeeTa Ha Tepanuio He
MZ}*W coBnagatoT B pasHbIX ydacTKax onyxosu

C Prognostic Signature Genes
uggq "—!'T P-- -.-_-— N

T T

Genes Up-regulated in ccB Genes Up-regulated in ccA

VHL

SETD2 (missense)
KDMS5C (splice site)

=
Gerlinger M et al. N Engl J Med 2012;366:883-892. »z—ls: 12
I SCore



Bopbba ¢ reTeporeHHOCTbIO

Hantu uenesbie cobbITUA, KOTOPbIE NPOUN3OLLJIN HA
PAaHHEN CTaAunN TYMOPOreHes3a U No3TOMY eCTb Y
6osblIMHCTBA KNeTok onyxonu. Ultradeep sequencing
500-1000x

OnpeaennTb LOMUHAHTHbLIN KNOH. Buoncnmn peumnamsos
M MeTacTa3oB. [1oBTOpHble bUoncumn Bo Bpems
nporpeccmu

ApanTuBHas Tepanus — nogaepKmMBaTb 6anaHc mexay
PE3NCTEHTHLIMU U YYBCTBUTE/IbHbIMU KJTOHaMMU.
CybneTtanbHbie A03bl.

[NanbHenwee passutune single cell sequencing
Anropmtmbl no aekoHsontoumm (TrAp)



Drivers and passengers

<1 |

Driver mutations: R

* JlaloT NpemmyLLecTBo B pocTe

* HaxopAaTtca nog, NoNoXKUTeNbHbIM OTOOPOM B NpoLEecce 3BO/OLMUN PAKOBbIX
KNeToK

* HaxopAaTtca B ‘cancer genes’. Takux reHos ~300-500.

* B ogHom obpasue B 0o4HOM CUFHANBbHOM NYyTU CKopee byaeT oaHa
ApaneBepHasa mytayums

* [lponcxodAT Ha PaHHMX 3Tanax OHKoreHesa

e CuyuTaeTcs, YTO B ONYXONM B cpeaHeM OT 2 A0 8 ApanBEePHbIX MyTaLLMiA

Passenger mutations:
* BoO3HWKalOT BCeACTBME MYTAaTOPHOro peHoTMNa
* He patoT npenmyLLecTBa B CKOPOCTU POCTa, MHOTAA MeLLas BbI}KUBAHUIO

onyxonu

3ayeM nckartb gpamsepbl? UTobbl HA HUX BO3OENCTBOBATb

CHALLENGE: Kak pa3nnuyatb ApaiBepoB U Nacca>Knpos?



[MoucKk gpamnBepHbIX reHoB (Hy*Ha bonbluas BbIOOpPKa)
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OHKOreHbl U OHKOCynpeccopbl

Alterations in three types of genes cause cancer
(Vogelstein and Kinzler, Nature Med., (2004)

1. Oncogenes

2. '‘Gatekeeper’ genes
Tumor suppressor

genes

3. ‘Caretaker’ or ‘Mutator’ genes

* OHKOreHbl — CTUMY/JIMPYIOT KNETOYHbIN POCT U ANPPEPEHLIMPOBKY.
MyTtauum gain of function, B cneumnd. cantax, 4OCTaTOYHO OAHOIO
annens.

 OHKOcCynpeccopbl — UHTMOUPYIOT KNETOUHbIN POCT U
anddepenumpoBky. Mytaumu loss of function, ob6a annena gonKHobl

ObITb 3aTPOHYTHI.
o Gatekeepers (reHbl-NPNBPATHUKMN) — KOHTPOAMPYIOT KNETOUYHbIN LMK/, B TOM
yucne cnocobCcTBYOT anoNTo3y
o Caretakers (MyTaTOpHbIe reHbl)— 3aLULLAIOT LLENOCTHOCTb FeHOMa, B TOM
4yucae y4acTBYIOT B penapaumnm, pacxoxXgeHUm XpoMoCcom Npu MnTose.
o Het abcontoTHo YeTkoro aenenunn gatekeeper/caretaker



OHKOreHbl — MyTmnpoBasLline NNpPpoTooOHKOIeHb!

dKTUBUPOBAHHOM COCTOAHUMN.

HEeNPEepPbIBHO PACcTM U AENUTbCA.

MexaHn3Mbl aKTUBaL UK

NPOTO-OHKOIreHoOB

DELETION OR

POINT MUTATION

IN CODING
SEQUENCE

|

npOTOOHKOI'EHbI — B HOPMaJZibHbIX KNETKaX CTUMYIUPYIOT KNEeTOYHOE AEeNeHNne
MYTaLI,I/IM HapywatoT 3aBUCUMOCTb OHKOIreHoB OT CMITHA/10B, HAPYLWAkOT
06paTHYPO CBA3b B perynaunn nam yseamny4mBaroT BpeMA HaxXxoK4EHUA B

YacTo 31O TMPO3UH-KMHa3Hble peuenTtopbl RTKs (ana pakTopoBs pocTta), npuuem
myTupyeT inhibitory loop, 4To NnpMBOAUT K HEPErYINPYEMOU aKTUBALUN.

Mpumepsl: EGFR, KRAS,ERBB2, MET, MYC
AHanorua — HemcnpasHaa Nefasb rada B aBToMmobuie. 3acTaBnAeT KIEeTKy

proto-oncogene

e S

GENE
AMPLIFICATION

|

CHROMOSOME
REARRANGEMENT

|

0

DNA—semmm S S S — r___ DNA

|

hyperactive
protein made in
normal amounts

| l |

rniormal protein greatly
overproduced

| !

— RNA

nearby fusion to actively
regulatory transcribed gene
DNA sequence greatly
causes normal overproduces
protein to be fusion protein;
overproduced or fusion

protein is
hyperactive



[Mpumep NPOTO-OHKOreHa

G-6enkun, Hanpumep RAS

signal molecule

EXTRACELLULAR (Cilg)) . . .
SPACE | | P inactive Ras protein  active Ras protein

CYTOSOL GoP| (.
-\ —
activated receptor GIP / l \
tyrosine kinase ONWARD
- TRANSMISSION
OF SIGNAL ALONG
MULTIPLE PATHWAYS

Grb-2 adaptor protein  Ras GEF



Stimulus

(MAPKKK

8

MAPKK

CUTHA/IbHbIN KACKAL MAPK

°
Growth Factors Growth Factors
, Stress Stress
l Growth Factors Cyvtokines . Mitogens ‘
v v v v R
MLK3 ™, s AR
( RAF ) - ) {MEKKL$ {MFE 2.3/
o RRE e i
{ MFKlil ) 3'”\_}\_3 6 ) ‘ ;\Ikl\'-i ) 7.\II"K.%
5 . v v
(erk12) (p3sMaPK) ( JNK ) ( ERKS
} ‘ } '
| ' %i:? i
— SRE — API =  CRE
°

MAPK — mitogen
activated protein kinase

Knaccunyeckum
MWUTOTEHETUYECKUNI
Kackag. Ctumynupyert
nponndepaumnto, Ho
HYy»XJaeTcA B
AO0NOJIHUTE/IbHOM
aKTUBAL MM CO CTOPOHDI
APYrux Kackagos
(PI3K/AKT).

Cnencrsue —
CTUMyYNALNA
TpaHckpunuum Cyclin D

[NpoTOHKOreHbl — RAS,
RAF, BRAF.



Cynpeccopbl

Gatekeepers

KOHTPOAUPYIOT KNETOUYHbIN POCT U AieNIeHne, OCTaHaBAMBaA
KNETOYHbIN LWKA, BbI3bIBAlOT anonTos

\,.

MoryT TOPMO3UTb 3KCNPECCUIO OHKOTeHOB

cell division cycle begins
(mitosis)

HapyweHune B paboTte cynpeccopoB HanpaAmMy NnpuBoauT K +—" )
¥ o ¢
O H KO re H e3y cell prepares -

to divide J m cell grows
Mpumepsbl: p53, RB1, APC,PTEN ¥
Ob6a annena goMxKHbl ObITb 3aTPOHYTLI. HacheacTBeHHas

=
~

)
peTuHob61acToOMa: TONbKO 0AHA GYHKLUMOHAbHAA KONKUS ( R
cynpeccopa (RB1). 18

continue
— p53: npu nospexkaeHun HK octaHaBAnBaeT KNETOYHbIN
unKn B G1.
Caretakers

CBA3aHbl ¢ penapauymen AHK
[TonoMKa BeAeT K HaKONeHUo MyTauum
Mpumepsbl: BRCA1, BRCA2, MLH1, MSH?2,



P53 — camblX U3BECTHbIN CYNpeccop

TpaHCKPUNUMOHHBIN haKTOP,
MHOTFO MULLEHEN

[lpenATCcTBYEeT BXOXKAEHUIO KNeTOoK
B S-da3y, amnandpumKkaumm u
myTaumam [AHK. 3ageprknsaet B
G- n G,-dasax KJIeTKKU, umetoLume
nospeXxaeHuna B cTpyktype AHK,
NOKa 3T NOBpeXAeHMA He byayT
YCTPaAHEHbI.

Ecnn penapupytowme cuctembl He
CnocobHbl YCTPAHUTb AedEKTbI -
CTUMY/IMPYET anonTo3

Ecnam myTMpoBaH — HapyLLeHue
KNeTOYHOTro PoCTa

MyTupoBaH B N0/1I0BUHE BCeX
cQy4yaeB paka

DNA damage
Cell cycle abnormalities
Hypoxia

=8

Cell cycle arrest

* Apoptosis

DNA repair +
Death and elimination of
damaged cells

\/

CELLULAR AND GENETIC STABILITY

Cell cycle restart



OnyxoneBble cynpeccopbl (caretaker)

Penapauuna AHK
Caretakers Familial Sporadic
BRCAL, Brcal, Brca2 Familial breast | Breast cancer, ovarian
BRCAZ2 Chromosome repair in | and ovarian cancer

response to double- cancer

stranded DNA breaks

MLH1, Mlhl, Msh2 Hereditary Colorectal cancer

MSH2 Repair nucleotide nonpolyposis

mismatches between
strands of DNA

colon cancer




MyTauunmn, akTuBUpyrowme reH, BCtpedaroTca ropas3go PEXKE , yem
nogasnawoume

[Npumep: akTUBauma oHKoreHa RAS — To/1bKO 3 KOAOHA, a MHAKTUBALUMA cyrnpeccopa
TP53 — no Bcemy reHy.

OAHOro OHKOreHa HeJOCTAaTOYHO A1 PA3BUTUA 3ab0NeBaHUA, HYXKHA
Koonepauus ¢ Apyrmmm reHamum (OHKoreHamu Uam cynpeccopamm)

OHKOreHbl 06bIYHO rPYNNUPYIOTCA OKONO OAHOIO CUrHaAbHOIO NYTH, a
CYynpeccopbl Yalle UMeoT bonee WHUPOKUN Habop GyHKUUN.

Cynpeccopbl U OHKOTeHbl — YaCTO aHTaroHUCTbI, HO HET NONapPHOM
KOMMNJIEMEHTapHOCTH



OnpepneneHune cynpeccopoB 1 oHKoreHos: rule of thumb

Mpasuno 20/20 (Vogelstein et al, 2013):

* OHKoreH: 20% myTaumm AONKHbI BCTPEYaTbCA B OAHOWN U
TOW K€ NO3MLUUU, BbI3blBas OAMHAKOBYIO
aMWUHOKUCNIOTHYIO 3aMEHY.

* Cynpeccop: 6onee 20% myTtaumit 4ONKHbI ObITb
NEe3aKTUBUPYIOLLLMMM

LoF-myTauumn (notepa pyHKUUN, GoF (akTusumpytouwme, gain)
loss of function):

e Truncating * YBenmyeHne KOnMMHoOCTH
° MMCC@HC ¢ 3aN\EHbI
* [MnepmeTunnpoBaHue

npomoTopa
e 3aMeHbl



HebenkoBblie cynpeccopbl U oHKoreHbl: MiRNA

e
R miR-31
miR-24
% 1
56 miR-132
¢ miR-212 p16INKaa

mir-17-92 cluster

1 1

;

5 miR-195 p57Kip2 / f
SCmiR-372 p27Kipl < i +— \ATM ) «— S?:age
miR-128a p21Cipl
miR-155 ?_T TZI—
miR-5162-3p SE—I— R I - Frixa et al, Cancers (Basel). 2015 Dec;
5¢ miR-21 miR-214 5¢ miR-181 a/b
5¢ miR 221/222 miR-125b miR-421
miR 25 miR-504
miR-520g miR-25
miR-106h family miR-30d
miR-128-2

Cynpeccop: ecnu muweHbio MiRNA aBnaeTcA NPOTOOHKOrEH,
TO HapylweHue ee CUHTE3a NpuBeaeT akTUBaUnm
NPOTOOHKOreHa

OHKoreH: ecnn muweHbio MiRNA aBnaeTca cynpeccop, TO
rmnepakcnpeccma MiRNA npusener K Tomy, 4TO cynpeccop
byaeT BoobOLWe 3abnoKkMpoBaH



Rakue Tunbl PaKOBbIX reHOB
yallie ABNATCA MULLEHAMMU
NNeKapcCTB — cynpeccopbl Nu
OHKOreHbl?



Ho KaK n1e4ynTb cynpeccopbl?

MwuweHbto byaeT He cam cynpeccop, a ero peryaatop. Ex: MDM?2
oTpuuaTenbHO peryamnpyet p53, 610KMpoBaHUE 3TOro B3aMMOAENCTBUA
nomoraer.

MuweHbto byaeT downstream moaekynbl OT cynpeccopa. Hanpumep,
MYTaHTHbIN P53 nHayumpyet skcnpeccmnto PDGFRb, KoTopbin B cBOO
oyepeab CTUMYIMPYET MHBA3UIO U MeTacTa3MpoBaHMe.

NHrmbuposaTb KacKkaabl, KOTOPbIE aKTUBUPOBANMCH N3-32 MYTAHTHOTO
cynpeccopa. Ex: cynpeccop PTEN ero nHaktusauma seaer K
noBbiweHnto yposHA PIP3, yTo B cBOIO ouyepenb aKTUBUPYET
PI3K/AKT/mTOR pathway. Ho nHakTUBMpPOBaTL 3TOT NacBe HENPOCTO,
T.K. TaM Ky4a 0bpaTHbIX CBA3EMN.

Synthetic lethality: echn myTnpoBaH ogmnH 13 KackagoB penapauum, 10
HaA0 3a6/10KMpPOBaATb OCTaBLLUMECA U PAKOBaA KNeTKa ymperT. Ex:
targerting PARPs B8 BRCA1/2-myTaHTax.

BopoTbCa € aNUreHeTUKon (MHOrme cynpeccopbl rMNepmMeTMAnpPOoOBaHbl)
— nomoratoT uHrmbutopbl DNMT (AHK-meTnn-TpaHcdepasbl)

BaKuuHbl: AaBaTb MyTaHTHble NenTuabl 3 p53
[eHHaa Tepanua: Mano3PpPeKTUBHO



ANnA pa3BUTUA pPaKa HYXXHO MHOTO MyTaL UMK
MoMMMO MyTaUUIA B OHKOreHax M cynpeccopax Ass pa3BUTUA
HeobxoAuMbl MyTaLUU B APYTUX reHax

Perynauma KNeTovyHOro umKkna, anonTto3a, PacnpocTpaHeHue
CUrHanos, anddepeHuUMpoBKa, MeTacTasnpoBaHUe U MHBA3UA

APC/ K-RAS/ SMAD4/ PIK3CA
CTNNB1  BRAF TGFBR2 PTEN P53 PRL3

| LV A R &

Normal Small Large
tissue adenoma adenoma

— Cancer -9 Nletastases

The prime suspects But

Mutations in: Other mutations also occur in:
B Oncogenes M Cell death genes

M Tumor suppressor genes M Cell signaling genes

M DNA repair genes B Cell cycle checkpoint genes

M Cellular senescence genes
M Cellular differentiation genes
B Metastasis/invasion genes

M Carcinogen
-activating genes
~deactivating genes

VAT /NP NI NIV FrTIN


http://www.cancer.gov/

[1pn3HAKKN paKa

MNOCTOSAHHDbIE

HeYYBCTBUTE/IbHOCTb
nponudepaTuBHbie K aHTMPOCTOBbIM
CUrHanbl cUrHanam
HapyLieHue
perynsuum nsbexwanune
K/1ETOYHOM WMMYHHOW
3HepreTuku AECTPYKUMH

nogaBrnieHne
anonTesa pPeninkaTuBHoe
6eccmepTue
reHgMHau aoonyxoneaoe
HIreCrabM/ibHOCTb BOCnaneHume
U MyTauum
A MeT:':":::":B:HHe
aHIr'MoreHesa P
Kputuka:

Hanahan D & Weinberg RA. Cell. 2010
NOYTM BCe NpaBaa ANnsa 4O0H6pOoKa4YeCTBEHHOM ONYX0NuU
HeT KnnnepHom GyHKunm



Hallmarks of cancer
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IBONOLMA OMYXONMN MOXKET ObITb KOHBEPTEHTHOMN -
aKTUBALMA OOHUX U TEX e CUTHA/IbHbIX KaCKaaoB.,
NyCTb U pa3HbIMM cnocobamu

[lon*Hbl BUAETHb BCE NMPU3HAKKM (B Teopun)



PakoBbl reHOM

Chemotherapy-

o : ; Early clonal Benign Early invasive Late invasive :
Fertilized egg Gestation Infancy Childhood  Adulthood expansion tumour cancer cancar resistant

recurrence

Intrinsic ¢ ]
mutation processes Environmental
8 P o and lifestyle exposures Mutator
I
_ . ‘ phenotype Chemotherapy mmmmm
Y Driver mutation
Chemotherapy
resistance mutation 1-10 or more
driver mutations
10s-1,000s of mitoses 10s~100s of mitoses 10s-100,000 or more
depending on the organ depending on the cancer passenger mutations

MR Stratton et al. Nature 458, 719-724 (2009) doi:10.1038/nature07943
* [eHOMHas HecTabunbHOCTb

* MyTaTOpHbIN GEHOTUN — YBEIMYEHMNE YaCTOTbl TOYEYHbIX MyTaL UM
* N3meHeHUA KONUNHOCTU FeHOoB

e Ha nosaHei cTagmnun: HapyLleHnsa BO BCEM FreHOMe.

* [MNepaKcnpeccus cCoOTeH reHos

e XPOMOCOMHbIE NEPECTPOMNKN, YaCTUUYHAA NONNIOUANA



PakoBbl¥ reHOM

2 - IIJ,/!. . BLIOUR|DWN
= ~- BLIOUIDIED [[02
=1 /.n 4 snowenbs Bunn
~ . /I BLIOUIDIRD
Ca s -ouape BunT
2 e . 13ppeig
- ~ Bwounledouape
=1 ) |eabuydosy
2 : cl/l )23U pue pray
| ewoydwi| |p2-g

oy iy abue) asnyiq
8 s W [B39210100
g B [elawopu3
” .- / auwognw
8 7ot BUIO}SEIGOND)
= /l 1192 1222 Aaupny
e / uBUBAQ
£ R VT elojpAw ajdynpy
24 / yseaig
N s
-~ & eiwaynal ogAd
=1 ” -oydwd| a1uoiyd
=1 e BLLIO}SB|QOINAN
= e S plouie)
& e sl BILLYNI)
21 . < plojafw aynoy
o] 1.../...... ) BUWIO}SR|OJINPaYY
m g lown piopqeyy

g 8 & -~ 5 =5

= - o g

3._\.,5 Adusnbal} uonjeinw J1jewos

X
g

®
A <
T 0
b% Q
. ©
O O O 7
O Q T
O X 0 g
O F & m
¥ > s ©
O 2 0 a

MeXAy Pa3HbIMU

=
Q
=
S
S (©
W,D._H
=
o > F
s
s o2
S = O
_HKM”_”
S ©
~ - O

i i e,

G
C
A
G

......

| [&
.
. -
. -
.

.

TR
T\ l_‘lrnv—li.’H
-~ © w

-

| | 1

~ =

22ue}sip uonenuLiul 0L 6o

Kataegis - obnactn c
pasnnyaroulenca

n (oo

4aCTOTOM MyTaLUN

5 pa3) B 04HOM

reHome

8000

5000

mutation number

every tumor is different, every cancer pat

4000

t is different.

ien

CHALLENGE



Non-synonymous mutations per tumor

{median +/- one quartile)
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PacnpeaeneHue KonuyecTBa
HECMHOHMUMMUYHbIX MyTauun Ons
pa3HbIX TUMOB OMyXOJiew

B cpeaHem 33-66 reHoB byayT HecTu
HECUMHOHMMUYHbIE COMAaTUYECKMe
myTaummn. N3 HMx 95% - SNP. B Toxke
BpeMmMsA pasHble ONyxoan MOryT MUMeTb
6onblle MyTauun YEM B CPEAHEM.

B Vogelstein et al. Science 2013;339:1546-1558
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The Cancer Hyperbola
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Credit : Mira Grigorova and Paul Edwards, Department of Pathology, University of Cambridge, unpublished
Source: www.path.cam.ac.uk/~pawefish/BreastCellLineDescriptions/HCC38.html
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[1lpoeKT Cancer Genome

(ICGC — International Cancer Genome Consortium)
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International Cancer Genome Consortium (ICGC) projects
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Genomic Data Commons Search this website

About the GDC About the Data Access Data Submit Data For Developers Support News

Access Data @

The Next Generation Cancer Knowledge Network

The GDC Data Portal
Case Distribution by Disease Type The NCl's Genomic Data provides a platform for efficiently
Commons (GDC) provides the querying and downloading high quality
and complete data. The GDC also
provides a GDC Data Transfer Tool
and a GDC API for programmatic
enables data sharing across access.

cancer research community with a
unified data repository that

cancer genomic studies in support

. _ More about Accessing Data
of precision medicine.

The GDC supports several cancer

genome programs at the NCI| Center for Submit Data U‘i

Cancer Genomics (CCG), Including The
Cancer Genome Atlas (TCGA). Tha GO Araddae e

TCGA — The Cancer Genome Atlas
TARGET - Therapeutically Applicable Research to Generate
Fffective Treatments
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Emerging landscape of oncogenic
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Network-based stratification of tumor
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Tumor types

Click on a tumor type to see what genes are significantly mutated in it (and other details).

Acute myelnid leukemia Bladder cancer Breast cancer Carcinoid Chronic mehDCytiC leukermia
AML MBLCAMBRCAHCARCJ

g 196 patients 99 patients 892 patients 54 patients 159 patients

Colorectal cancer

CRC

233 patients

_ DLBCL | UCEC

58 patients 248 patients

Esophageal adenocarcinoma

ESO

141 patients

Gliohlastoma rmultiforrme

GBM

291 patients

Lung adenocarcinoma
405 patients
Combined cohort

PanCan

4742 patients

Medulloblastoma

MED

92 patients

LUSC

178 patients

Head and neck cancer Kidney clear cell carcinoma
{ HNSC ﬂ KIRC J

364 patients 417 patients
Oyarian cancer Rhabdaid tumor

oV RHAB

316 patients 34 patients

{Lung sguarnaus cell carcinnmaJ

Melanorma

MEL

118 patients

MNeurohlastoma

NB

81 patients

Multiple myeloma

MM

207 patients

Genes

Click on a gene name to see what tumor types it is significantly mutated in (and other details).

TP53 HPIKBCAH PTEN M KRAS JL APC JL MLL3 JL FAT1 JL MLL2 JLARID‘IAJ

\_36% of all patients 14% of all patients 8% of all patients 7% of all patients 6% of all patients 6% of all patients 6% of all patients 6% of all patients 5% of all patients

VHL MPBRIVHJL NF1 JLEGFRM ATM MPIKSR‘IMBRAFMCDKN2AJLSETD2J

\_8% of all patients 4% of all patients 4% of all patients 4% of all patients 4% of all patients 4% of all patients 4% of all patients 4% of all patients 4% of all patients

CREBBPJLFBXWTJLSPENJLMTORJL RB1 JLSMARCAﬂtNOTCH‘IJ e gene:

Prostate cancer

PRAD

138 patients

\___ 3% of all patients 3% 0of all patients 3% of all patients 3% of all patients 3% of all patients 3% of all patients 3% 0of all patients

Lawrence et al, Nature, 2014
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