«MoneKkynapHbie GEeHOTMAbI U MOogenun
NPOrHO3a PaKk MO/IOYHON Kenesbl."

B 2003 rony BcemupHas  opraHusamus
3IpaBOOXpaHEHUs  BhyieAuna 18 X

~ THCTOJIOTMYECKHUX ITOATHUIIOB MHBa3uBHOIr0o PMK.

OI[HaKO JAWArHOCTUYCCKHUC KPUTCPUW JId BBIACJICHUSA
THX TOATUNOB OBITM  CKOpee CYOBEKTHBHBIE H
I/IH(i)OpMaI_[I/ISI [0) TUCTOJIOTNYCCKHUM IIOATHUIIC nmeiia
OrpaHNMYCHHOC HMCIIOJIB30BAHUA B KJIIMHUYECKOUN IMPAKTUKC
(limited impact on therapeutic decision making). (euis p;

WHO C(lassification of Tumours. Pathology and Genetics of Tumours of the Breast
and Female Genital OrgansTumours 2003.)

[Tostomy Tekymass crparuduranus PMXK  Ha
KJIVMHUYECK 3HAYMMble IIOATPYIIIBI OCHOBBIBA€TCS Ha
MPOTHOCTUYECKUX KIMHUKO-TIATOIOTMYECKUX MTapaMeTpax
M BKJIIOYAeT Takuve mapameTpbl Kak histological grade,
Ha/iM4he MeTacTa3oB B nuMdoysnsl, U  auMdo-

BaCKY/IAPHYIO MHBA3WI0 U AP. (Davies C, Godwin J, Gray R, et al. Relevance of
breast cancer hormone receptors and other factors to the efficacy of adjuvant tamoxifen:
patient-level meta-analysis of};andomised trials. Lancet 2011;378:771-784., Hammond ME, Hayes
DF, Dowsett M, et al. American Society of Clinical Oncology/College of American Pathologists
guideline recommendations for immunohistochemical testing of estrogen and progesterone
receptors in breast cancer. Arch Pathol Lab Med 2010;134:907-922.)
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A hypothetical model depicting the multistep process of breast tumourigenesis
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RB1 ~ BRCA2  CTNNB1 ~ TTN  BRCA1 =~ MAP2K4 = SMAD4  ERBB2
ATR  PLCG1 ~ HECW1 A HRAS ~ NF2  MAP3K6  SgK085  WNK1
FBXW7 ~ NOTCH1 =~ PTCH1 ~ NRK  IKBKB ~ EPHAL0 ~ MAST4  STK32B  PFTK2
PRPF4B ~ TEK ~ UTX  HUWE1  HERC1 ~ N4BP2 ~ PAXIP1 ~ PPMIE  ARHGAP29
NUP133 = PTPRC ~ RIF1 ~ SERPINB1 ~ CENPE  CENTD3 ND1 P98  PCDH19  PLCB1
SBNO1 =~ SMARCAL1  EGFR  VHL NRAS NTRK3 MET  GUCY2F  IRAK1 = TAF1  TRIM33
ABL2 ALK  ANKK1  CAMKIG  CDC42BPB ~ CDKL2  CDKL3  CHUK = CSNKIAL  CSNKI1D
CLK3 YRK2 =~ EPHA1  EPHA6 EGFR1 EGFR2  FGFR4 = GRK6 LYN  MAP3K12
MAPK13 MGC42105 ~ MYO3A  NPR1  NUAK2  PDGFRB « PKN1  RAGE  ROCK1
RPS6KA4 SNRK  STK36  SgK494  TA TBKL  TESK1  TESK2 = TRPM7  TYK2
YSK4 TRIO  AURKB  TIF1  CDC42BPA  CSFIR = EPHA8 = EPHB3 = MAK  SgK493
ULK3 BRSK1  CIT ~ DAPK1  ERBB4  FLT1  SGK2  CTNNAL  ASBIl  ATRX
BCOR 3 DGKE =~ FBXO8 = GRIPAP1  MED14  NLRP8 = PRPS1 = RAB41 = SCML1
TRAF2  ACO2 AM12  ADAMTS19  ADAMTSL3  AGER AHRR  AKAP9  ANAPC5  ANKHD1
ANXA1  APC2  ARHGAP11A  ARHGEF4  BCAR1 =~ BCL11A  BIRC6 = CACNAIF = CASC5
CCNT1 CCR2 CDC27 CFH CFL2 CHD8 CLSPN  CNGA2 = CXorf30  CXorf57
DGKB =~ DGKG  DHX32  DLL3  DNAJA3  DUSP12  EIF4A2 = ELP2 = EXOC2  FAM70A
EBXO46  FIGF =~ EMNL3  FOLR2 = FOXA3 = FRMPD3 « FUS = GALNT5 = GEN1  GOLIM4
GPR112  GRIN2A  GRIN2C  HDAC4  HERC4  HSPA14  HSPA4  HTATSF1 = ILIRAPL2  IL6R
ITGA9 ~ ITGB2  ITGB7 = ITIH5L  KCNA5 = KIF6  KPNA5  LDHB  LLGL1  LNPEP  LOC392546
LOXL4  MAGEB MAGEC2 = MAOA  MDCl1  MEX3B  MMP8
MYH9 = NCOA6  NFKB1  NFKBIA  NEYC = NLE1  NLRP1
NR2F2  NUDCD1  ODZ1  P2RX7  PARP1  PDE4D = PIGN  PIGS
POFUT1  POLH  PPFIBP2 =~ PPP1R12A  PPPIR3A  PPP2R5C  PSD
PTPN12 ~ PTPN13 =~ PTPN23  RAC2  RAD51L3  RAI2 =~ RARG  RASGRF2  RASL10B
RFC4 RGL1  RNF113A  RNF152  RNF20  RNF216 = RRAS2 SCARA3  SENP6
SERPINE2 ~ SF1  SH2D3A  SLC16A2  SMARCAD1  SMC2 SPEN  STARDS
STAT1 ~ STAT4 SURF1  SUSD3  SUV39H2  TACC2  TAF7L TRIM24
TRIM36 ~ TRIM42  TRIM47  TRIM67  TRIP11 ~ TSN
USP53  VAV3 ~ WBP4  XKRX  ZNF350
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http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=ANKHD1&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=ANXA1&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=APC2&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=ARHGAP11A&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=ARHGEF4&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=BCAR1&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=BCL11A&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=BIRC6&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=CACNA1F&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=CASC5&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=CCNT1&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=CCR2&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=CDC27&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=CFH&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=CFL2&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=CHD8&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=CLSPN&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=CNGA2&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=CXorf30&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=CXorf57&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=DDX18&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=DGKB&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=DGKG&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=DHX32&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=DLL3&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=DNAJA3&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=DUSP12&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=EIF4A2&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=ELP2&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=EXOC2&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=FAM70A&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=FARP1&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=FBXO46&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=FIGF&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=FMNL3&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=FOLR2&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=FOXA3&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=FRMPD3&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=FUS&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=GALNT5&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=GEN1&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=GOLIM4&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=GPR112&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=GRIN2A&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=GRIN2C&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=HDAC4&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=HERC4&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=HSPA14&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=HSPA4&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=HTATSF1&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=IL1RAPL2&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=IL6R&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=ITGA9&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=ITGB2&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=ITGB7&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=ITIH5L&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=KCNA5&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=KIF6&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=KPNA5&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=LDHB&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=LLGL1&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=LNPEP&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=LOC392546&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=LOC442464&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=LOXL2&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=LOXL4&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=MAGEB16&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=MAGEC2&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=MAOA&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=MDC1&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=MEX3B&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=MMP8&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=MRE11A&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=MSH5&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=MYH9&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=NCOA6&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=NFKB1&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=NFKBIA&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=NFYC&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=NLE1&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=NLRP1&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=NLRP14&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=NLRP7&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=NOVA1&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=NR2F2&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=NUDCD1&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=ODZ1&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=P2RX7&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=PARP1&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=PDE4D&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=PIGN&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=PIGS&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=PLAT&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=PLCB2&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=PLCD3&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=POFUT1&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=POLH&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=PPFIBP2&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=PPP1R12A&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=PPP1R3A&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=PPP2R5C&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=PSD&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=PSME4&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=PTCHD2&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=PTPN12&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=PTPN13&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=PTPN23&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=RAC2&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=RAD51L3&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=RAI2&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=RARG&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=RASGRF2&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=RASL10B&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=RFC4&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=RGL1&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=RNF113A&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=RNF152&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=RNF20&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=RNF216&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=RRAS2&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=SATL1&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=SCARA3&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=SENP6&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=SERPINE2&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=SF1&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=SH2D3A&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=SLC16A2&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=SMARCAD1&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=SMC2&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=SMC6&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=SNX25&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=SPEN&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=STARD8&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=STAT1&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=STAT4&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=SURF1&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=SUSD3&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=SUV39H2&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=TACC2&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=TAF7L&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=TGS1&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=TOP1&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=TOP2B&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=TRIM24&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=TRIM36&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=TRIM42&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=TRIM47&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=TRIM67&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=TRIP11&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=TSN&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=UBE2O&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=UBE4A&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=USP24&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=USP29&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=USP53&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=VAV3&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=WBP4&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=XKRX&sn=breast&hn=carcinoma
http://www.sanger.ac.uk/perl/genetics/CGP/?action=bycancer&ln=ZNF350&sn=breast&hn=carcinoma

Top 5 Genes with Sematic' Mutation (breast)”

Gene Name Sample Number sz:r:\gl)eles P;}/:’ 3(:2'; d

Breast hyperplasia

CDH1 14 1 7%

Breast careinoma in situ

CDH1 53 30 56%

PIK3CA 21 5 23%

ROCK1 2 1 50%

Breast carcinoma

PIK3CA 2390 604 25%

CDH1 491 88 17%

TP53 80 44 55%

PTEN 585 37 6%

CDKN2A 579 32 5%
IsmeHeH A QYHKUMOHMPOBaHNA FEHOB, PN s

CMOHTAHHOM KaHLLeporeHese p.M.JK. Y MblLLei

D. Medina / Biochimica et Biophysica Acta 1603 (2002) 1-9

| p%6
| gelsolin
T CIEBP-B (LIP)
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MoneKynapHo-reHeTM4yecKas rereporeHHocTb PMMK

B TeYeHUH ITOC/IEHETO IeCATHUIETHS
HICCJIeJOBAHUSI DKCIIPECCUH T€HOB C PUMEHEeHUeM
TEXHOJIOTUM TOTHOTEHOMHOTO 3KCIIPECCHOHHOTO
aHa/IM3a Ha MUKPOYMIIAX MPUBEH K MOHUMAHHUIO
toro ¢akrta, uto PMXK cocraBrisieT reTeporeHHY 0
rpynmny 3a0o/ieBaHUl  MMEMIIUX  Ppa3TUYHbIe
MOJIEKY/ISIDHbIE  CBOWMCTBA. B Havase ObUIO
BbllefieHO 4 mnoxarpynmbl:  basal-like, HER2-
enriched, luminal and normal breast-like.

( Perou CM, Sorlie T, Eisen MB, et al. Molecular
portraits of human breast tumours. Nature
2000;406:747-752.).

[Ipodrnu skecnpeccun M-PHK = Kax (pakTopsi=—

riporuo3sl, OncotypeDX

Proliferation HER2 Estrogen
KiG? GRBT ER
5TK15 HERZ2 PGR
Surduan B2
CCNBI [oyclin B1) SCUBEZ
Reference
Imvasion ches ACTE [B-actin)
N GAPDH
MMP11 [stremelysin 3) RPLPO
CT5L2 (cathepsin LZ) BAG1 cus
TERC

Figure 1. Panel of 21 Genes and the Recurrence-Score Algorithm.
M Engl | Med 2004:;351:2817-24.
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3agava nporHosa?

T1-2 NO-1 MO ER/PR-no3uTHBHEBIE.

V 15% skenuun 60abHbIx PMOK (TXNOMO u ER+) B Teuenne 10 et
Pa3oBbLETCS PeluInB.

Ho 50% sxeH1IuH ¢ 0TCyTCTBHEM MeTacTa30B H ER+ 6oabHbIx PMIK
noay4aT XT (pe3yabrar —ociao;xxHeHust ot XT, Oosbuiue 3aTparbl)

Mo:kHO 11 onIpeeTUTh, KTO NMOJABep keH PUCKY Pa3BUTHSA penuuBa?

Kommepueckue TecT cUCTEMBI

oLleHKW MPOrHo3a

Tecr Mertopn, I'pynna |Pe3yiaprar |/Anarnocru-
yeckas

T'CHBI PMK 3ppexTHBHOCTH

ProEx™ Br | |HC,5 (E2F, N 0-1 Pl Hu3skas
p21, Puck
Src,Slpi,Pbetta peunauBa
)

Mammostrat | [HC 5 (p53, N- |ER+, NO |PI Huskasn

- myc, CEAS5, Puck

7AAC, HPAII) pennanBa

eXagenBC™ | FISH, 3 (cyp24,| N 0-1 Pl Huskas
PDCD6IP, BIRCS; Puck
NR1D1, SMARCE1,
BIRCS) DelinBa
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Existing Molecular methods of'recurrence detection

Test Method/Gene | Morphological | Results Accuracy
guantity Criteria
oncotype DX™ | RT-PCR ER+, NO Recurrence >90%
21 genes risk
Breast Cancer | RT-PCR ER+, NO Recurrence Comparatively
Two-Gene 2 genes risk low
Expression (HOXB13,
Ratio (H/I™) | IL17BR)
PAM 50 (ex. RT-PCR, 50 All Molecular
Breast subtype
BioClassifier)
MammaPrint | Microarray, ER+,ER-,NO-1 | Recurrence 90%
70 genes Age >61 risk

Th rggBreast Ca nceLStldjgaséxLJrsreditQ Develop-—
Recurrence Score (RS) Algorithm

Recurrence
Category RS (0 — 100)
Low risk <18
Intermediate risk 18-30
High risk >31
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LAY /

Intermediate-
Low-Risk Group Risk Group High-Risk Group

Rate of Distart Recurrence a 10 Yr (% of patients)

Recurrence Score

Figure 4. Rate of Distant Recurrence as a Continuous Function of the Recur-
rence Score.

The continuous function was generated with use of a piecewise log-hazard-
ratio model.*® The dashed curves indicate the 95 percent confidence interval.
The rug plot on top of the x axis shows the recurrence score for individual pa-
tients in the study.

Y / =

“AW3aiiH UCCNef0BaHMA MO Pa3paboTKe METO40B
(HabopoB) ona onpeaeneHnUa MoONEKYNAPHOIo
deHoTMNa M NPOrHo3a peunamsnpoBaHna PMK
Oncoguantex n GammaGlobal

OPeTpocrieKTHBHOE HCCIeqoBaHMe (2002-2008 year)

OBxutoueHo 60J1ee 500 MAIMEHTOK C paHHel cragueit PMK
* Y (26%) - 6bUIT 3aperucTpUpoOBaH PELUINUB B TEYEHUH 10 JIET
* YV (74 %) - rpynna Ge3 peyuaunsa

Cpenuee Bpems HabmogeHUsI— 40,8 MecsiteB (12-99,4)

CpepnHee Bpemst HaOMIOgeHYS B rpymiie 0e3 penuguba- 78,6
mec.(60,4-110,53)

+100 TAIL[MEHTOK (2015 year) — MPOCIMeKTUBHAS TPyIIa
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[Tponenypa 00pabOTKY KIHANEECKOTO MaTepuaa:-—" |

M

‘OrnepanroHHasi-TaToMopdOIOrHs
( MacTaKTOMUS MU
CEKTOpaJ/IbHAs Pe3eKIHsI

WIM GUOTICHS)

Beinenenve MPHK u3 Tkanu onyxonu u
Mop¢ooruyecKu He U3MEHEeHHOM TKaH!
[ToctanoBka OT-ITLIP

PB-II1] amnauguxamop «AT-9¢

|-

(IHK-mexnonozcus

Procedure .

FEPE sample
‘ 384-plate autosampling system

BNA i oLion RT-PCR in 384-plate format
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Functional Group

Gene in panel

Gene in Oncotype DXT™

Proliferation S

K167

—STKIS——— |

CCNB1

PTEN

CCND

P16INK4A

MYC

MYBL

Apoptosis

BCL2

BAG

NDRG1

BIRC5

TERT

ESR

Cell receptors and other markers

PGR

c-erbB2

+ |+ |+ [+

GRB7

MGB1

Proteinases

MMPI11

CTSL2

Marker of activated macrophages

CD68

Reference Genes

GUSB

+| o+ |[+|+

B2M

HPRT

OTAM4Ms YPOBHS IKCMPECCHN B TPYANEX C
peunansom u 6e3 peunamsa

Gene L:vl:lla(:a Toler. p-level
STK15 0,289290 | 0,651499 | 0,001187
BAG1 0,415636 | 0,249282 | 0,000023
GRB?7 0,307443 | 0,265961 | 0,000605

MGB 0,349523 | 0,484391 | 0,000148
BIRCS 0,223776 | 0,657159 | 0,022125
TERT 0,261761 | 0,489899 | 0,003640
CCNB 0,225844 | 0,418202 | 0,019853

ESR 0,211414 | 0,619741 | 0,043663
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Db HEKTUBHOCTD BbIABNEHWUA NALMEHTOB C HEBAAroNPUATHLIM
NMPOrHO30M B 3aBMCUMMOCTM OT CXEMbI aZlblOBaHTHOM Tepanum

/

I'pynma % mpaBUILHOU
KJIaCCU(UKAITUH

I'T 93,7

AIIXT 91,5

AIIXTHI'T 90,2

POINt-preaiction model
e e o /
— (all recurrent patients)
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Patient ID
114
115
115
115
116
116
116
117
117
118
118
119
119
120
121
121
121
121
122
122
123
123

heterOgeRety=—===

Time R.
9,1
99,5
99,5
99,5
40,5
40,5
40,5
50,7
50,7
62,9
62,9
74,0
74,0
40,5
36,5
36,5
36,5
36,5
82,1
82,1
3145
31,5

Predicted time R.
14,5
104,3
99,6
95,3
42,3
46,6
47,0
49,2
50,8
64,7
64,5
62,1
68,8
52,8
29,3
25,3
23,9
38,0
76,1
77,3
19,3
29,4

Error
-5,4
-4,8
-0,2
4,1
-1,8
-6,1
-6,5
1,5
-0,1
-1,8
-1,6
12,0
5,2

-12,2

7,3
11,2
12,6

6,0
4,9
12,2
2.1

/

OpraHocoxpaHsAmoLLee ieyeHne :
npn PMH

e JlamnakTtomus

* (CeKTOpanbHasa peseKkuma

* KBagpaHTaKTOMMUA

* BuKBagpaHTIKTOMMUA

[To gauubiM ESMO B EBporie ot 60 1o 8o %
BHOBbD BbISIBJIeHHBIX c/TydaeB PMO)K

MoABEPIrar0TCA OPraHOCOXpPaHAIOIIEMY

JIRHEeHHUIO

12.12.2017
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JIOKOper1oHapHbie peLmansbl PMXK

bonee 50% JIOKOPETrMOHAPHBIX pelIANBOB Pa3BHUBAalOTCA
B T€YE€HME IIEPBLBIX 3 JIET ITOCJIE€ XUPYPTUYIECKOI'O JIEHEHUSA

3a mepuog OT 3 /IO 5 IeT BO3HUKAET OKOJI0 20% OT
006111ero 41c/a peuinuBoOB

[Tpy BOBHUKHOBEHWH JIOKAJIbHOTO PELIMANBA B 06/1aCTH
MOC/IEONEPALMOHHOTO PyOLa, OOLIAS 5-/IeTHSIS
BBDKHMBAEMOCTh CHIDKAETCS 10 60%, a MU MOSBIEHUN
PEerroHapHbBIX PELUINBOB, JaHHBIHI TOKA3aTeb
CcHWDKaeTcs 10 24 %.

Hamu paspaboTana Moaens onpeaeneHus pucKa
passutusa JIPP piasa 6onbHbix I-II craguu PMOK npu
BBINIOJIHEHUHY PAAVKaIbHBIX pe3eKuuii. /lanHas
MaTeMaTudeckas MOAe/b 00/1aZiaeT BLICOKOM TOYHOCTBIO
(6omee 95%), 4TO 3HAYMTENTHHO MPEBBILIAET TIOKA3ATENN
HCII0/Ib3yeMbIX B HaCTosIllee BpeMsl IIPOTHOCTUYEeCKUX

¢dbakTopoB.

|_|pOFHOCTquCK’HEBQ&\AO)KHOCTVI

p— -

Mmogenu npenckasaHua passutua JIPP

POrHOCTMYECKUE
AaHHble
Knaccudmkaumusa| Knaccudvkaums | PaspabotaHHas
TNM TNM + X MoAesb
KnnHunyeckue
mcxogsl
Pemuccus 84,6% 87,2% 97%
JlokopernoHapHbIn 63,6% 72,7% 95%
peunaus

12.12.2017
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ANTOPUTM neyeH

Il craguen PMH

EREIN

/

HTOK € |-

PMOK I-11

\

/

MyneTHLIEHTPUYEeCKHI POCT

JuddysHsre

MHKPOKa/IbIIMHATBI

MyTrauyu B renax BRCA I-11

Bospact monoxe 35 et

cTagnm

KomnneckHoe KnuHu4Yeckoe obcrnenoBaHue.
'mcTonornyeckoe nccnegoBaHue

NIX nccneposaHne
MonekynspHo-reHeTu4eckoe uccneaosaHue

!

Omnpepenenne pucKa pasBUTHs
JIOKOPETMOHAPHOTO penuAnBa Ha
OCHOBe pa3pabdoTaHHOI

MaTeMaTH4yeCcKOU MogeIn
Y

Bricoxuii puck JIPP Huskuit puck JIPP
l ¥
Pagukansh 17
PasmkaibHas AIMKAT ; asi pe3eKuus
MOJIOYHOM >KeJie3bl C
MACTIKTOMUS .
nocnenytoueit AJIT
_ //‘

BbiBog,

AHanu3 MoeKy/IsIpHOTO PpeHOTHIIa TO3BOJISIET
CO37aBaTh BBICOKO MHGOPMATUBHbIE MOJETH
MIPOTHO34a, JJIS1 pellleHUs] Pa3/JINYHbIX,
KJIMHUYeCKH Ba)XHBIX 33/1a4.

12.12.2017
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~__» MoneKyTsIpHbiit QeHOTHT=9acTh
MOpP(dOIOTHYECKOTO AMArHO3a

B 2011 rogy noarunsl PM)K ocHoBaHHBIE Ha
aHaJ/IM3e IKCIPEeCCUU TeHOB ObUTH BK/IIOUEHBI B
cornaurenue 2011 St Gallen International Expert
Consensus 1 6b1J1a TpeIO)KeHa KIacCUPUKALYS
Ha ocHOBe meTozoB MI'X

(Goldhirsch A, Wood WC, Coates AS, et al.
Strategies for subtypes—dealing with the diversity
of breast cancer: highlights of the St. Gallen
International Expert Consensus on the Primary
Therapy of Early Breast Cancer 2011. Ann Oncol

2011;22:1736-1747.)

CiieiyeT moAuepKHYTh, YTO MMEETCsl MHOTO JAHHBIX,
TOBOPSILIHX 3a TO, YTO MOJIEKY/ISIPHBIN (PEeHOTHII,
onpezesiemsiii MeToroM UI'X (monyuuBiimm Taxoke
HaWMEHOBAaHHE CyPPOTATHOTO METOAA) U

MeTOJaMH aHa/IN3a IKCIIPECCUU T€HOB UMEIOT OOJIbIINe
pacxoxgeHusi. Tak HapuMep, MO JAHHBIM Pa3HBIX
aBTOPOB OT 31 10 59% HER2 nmo3utuBHOTO paka no
nauubiM UT'X u in situ hybridisation (ISH)
xnaccubuumpyorcst B gpyrue tusi ((Sorlie T,
Tibshirani R, Parker ], et al. Repeated observation of
breast tumor subtypes in independent gene expression
data sets. Proc Natl Acad Sci USA 2013;100:8418-8423.)

12.12.2017
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Euclidean distances

Phenotype A

Linkage Distance

Phenotype B Phenptype C Phienotype D Phenotype E

JlepeBo KilacTepu3anuy ucclieyeMbIx 00pa3noBs (n=359) o merony Bapna
C OmpeJieNIeHHeM €BKIINI0BA PACCTOSHUS MEXy oObekTamu (o0pasiamn)

B ¢enorun A 6puto BrITROUEHO 32 U3 359 oOpasios (8,9%),
B ¢enorum B 111 (30,9%), B dpenotun C 70 (19,5%),
B ¢enorun D 106 (29,5%) n B penorun E 40 (11,2%) oOpa3uos.

BaBUCUMOCTb akchpecnit KieZ, 3P, TP, Her2/neu 5 5 moneky’
¢€Homnax NOJIy4eHHbIX HA OCHOBAHMM KNACTEPHOIO aHanM3a YPOBHA
aKkcnpeccum 21 reHa B TKaHn PMXK
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ba3anbHbin Her2+ ‘ \ﬂIOM B H-
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—4—InKI167
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~#—INPGR
—<=|nHER2
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PacnpeﬂeneHHﬂ TNOJIyYCHHBIX 3HAYCHUH KAHOHMYECKUX

dyHKIHIT 110 TpymIaM ((peHoTHIIaM)

Root 1 vs. Root 2

Root 2
o

Root 1

er> o OO0
(0]
N
[N}

fpoBepKa HafeKHOCTU onpeaeneHns MonekynapHoro peHotTuna Ha

OCHOBAaHUN OANCKPUMWUHAHHTHOIO aHa/1n3a

BeposiTHOCTH
denoTnn COBIAACHUSA A B C D E
(%)

A 93,5 29 0 2 0
B 93,6 2 103| 2 1 2
C 87,1 1 6 61 2 0
D 92,3 0 2 97 2
E 90,0 0 0 1 3 36

Ooman

1D otga171 | 32 1111 | 62 | 111 | A0

KJIaccupuranmnu

(%) /N
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~ MonekynapHoro ¢eHotnna PMXK.

Jlrom. B Her2 Her2

%  Jrom.A Jlrom. B Her2 -

+ IMO3UTHBHBIN
Jromunaneueit A625 150 5,0 3,0 1,0
JIroMUHAJIbHBIA
56,5 9,0 13,0 1,0 0,0
B Her2 -
JIroMHUHAIbHBIA
53,3 4,0 3,0 8,0 0,0
B_Her2 +
Her2-
- 88,9 0,0 1,0 0,0 8,0
MMO3UTHUBHBIN
Tpoitnoit
. 60,0 1,0 1,0 1,0 1,0
HETaTMBHBIN
Total 61,7 29,0 23,0 13,0 10,0

flpocneKTBHbIM aHaNN3 3G HERTUBHOCTM onpep,en,HMﬁ/

TpoitHoi

HETaTHBHBII
0,0

0,0

0,0

0,0

6,0

6,0

Pa3/HMYHbIM MOIEKYIAPHBIM cbeHomnom
pripegeneHHbim metogom UIMX mn MLP

CpaBHeHme 6e3peLl,VlﬂMBHOM BblXKMBAEMOCTHU B rpy%jx L=

I
o

Cumulative Proportion Surviving

Cumulative Proportion Surviving (Kaplan-Meier)
® Complete + Censored

Cumulative Proportion Surviving (Kaplan-Meier)
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//
HanpasneHwue owmnbok kaaccupuramm-UEX-meTona

Kou-Bo
KoJ1-Bo HeBepHO
®enoTUn Hanpagiienue nporpeccupoBaHus/
KJIACCH(PUINPOBAHHBIX
(paciuupeHHas OIIUOKHU KoJ1-Bo HeBepHO
10 pelyUMpPOBAHHOIM
Mo/1eJib) Kiaaccupukanmnu | KjiaccupuuupoBaHHbBIX
mozesu (%)
(%)

Jiom.B Her2+—
Jlrom.B Her2+ |25 u3 111 (22,5%)

Jiom.A
0
E—— 14 u3 36 (36,5%)
Jiom.B
11 u3 70 (15,7%) Her2-—
Her2-
Jiom.A
JoMm.A
Jhom.A 32 u3 106 (33,9%) 3 m3 32 (9,3%)
—Jlrom.B
BbiBOAbI: . —

YPOBEHb IKCIPECCUH T€HOB, KOJUPYIOIINX KJIACCUYECKUE
NI'X mapkepsl, oTpaxkaeT 0COOEHHOCTH (EHOTUIIOB, HO
OTJIMYUS SKCIIPECCUH ITUX MAPKEPOB HEJIOCTATOYHBI, YTOOBI
o0ecreYnTh HHIUBUTYaIbHYIO OIIEHKY PHCKA
MPOrPECCUPOBAHUS

HE00XOIMMO BHEIPEHUE METO/IOB OIICHKH MOJIEKYIISIPHBIX
(heHOTHUIIOB HA OCHOBAHUH MOJICKYJISIPHO=TECHETHYECKUX
METOI0B

Hamu Obl1a pa3paboTaHa OpUTHHAIBHAS MTaHENb ONPEACTICHHS
(deHoTHIIA paKa MOJIOYHOM KeJe3bl MO3BOJIAIoNIas Ooee
JOCTOBEPHO OIPENEIIATH MOJIEKYIISIPHBIEC TIOATHUIIBI

12.12.2017

19



12.12.2017

Proteogenomics connects somatic mutations to
signalling in breast cancer

Philipp Mertins1*, D. R. Manir*, Kelly V. Ruggles2*, Michael A. Gillette1,3*, Karl R. Clauser1, Pei Wangg,
Jana W. Qiaoi, Song Cao6, Francesca Petralia4, Emily Kawaler2, Filip Mundt1,7, Karsten Krugi, Zhidong
Michael L. Gatzag, Matthew Wilkersong, Charles M. Peroug, Venkata Yellapantula6, Kuan-lin Huan
Michael D. McLellan6, Ping Yans, Sherri R. Davies1o, R. Reid Townsendio, Steven J. Skatesn, Jing W.
Christopher R. Kinsinger13, Mehdi Mesrii3, Henry Rodriguezi3, Li Ding6, Amanda G. Paulo

Nature Volume: Pages:55-62 Date published:(02 June 2016

Comprehensive molecularportraits of human breast
tumours.

The Cancer Genome Atlas Network TCGA
https://cancergenome.nih.gov/

per 2012)

¢ AxryanbHOCTb TeMbl. COMaTH4ecKue MyTall ¥ pake
e o
© MOJIOYHOM >XeJIe3bl XOPOIO OXapaKTepU30BaHbl, HO
MOC/Ie/ICTBHSI STHX FeHeTUIeCKMX U3MeHeHU I Masio
M3y4YeHbl

¢ [lenb: npeCcTaBUTH pe3y/IbTaThl KOMILJIEKCHOTO
MPOTEOTeHOMHOTI'0 AHA/TM3a 00Pa31[0B 4 OCHOBHBIX
mosexy/sipabix (MPHK) penorunos PM)K
e Metoppbr:
e IHK-nmonmHOreHOMHBIH aHaMN3,

« TIporeomubIii 1 pochonporeoMHbIit aHaMH3 (Macc-
CIIEKTPOMETPHS),

e MeTunom
¢ CNA

. TpaH)CKpI/Il'I]_[I/IOHHLIﬁ ananu3 (MPHK nanens PAM5o0 - qRT-
PCR

* Marepwuasbl: 2000 06pa3oB Tkanu PMK
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http://www.nature.com/nature/journal/v490/n7418/full/nature11412.html
http://www.nature.com/nature/journal/v490/n7418/full/nature11412.html

Coordinated analysis of breast cancer subtypes defined from five
different genomic/proteomic platforms.

— PAMS0
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PAMS0 P<0.001
ER P<0.001

TP53 P<0.001
PIK3CA P<0.001
GATA3 P<0.001
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MAP2K4 P=0.02
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The genomic and transcriptomic
architecture of 2,000 breast tumours
reveals novel subgroups

Christina Curtis™?1*, Sohrab P. Shah™**, Suet-Feung Chin'?*, Gulisa Turashvili®**, Oscar M. Rueda'*?, Mark J. Dunning?,
Doug Speed”*t, Andy G. Lynch'~, Shamith Samarajiwa®?, Yinyin Yuan'=, Stefan Graf' -, Gavin Ha®, Gholamreza Haffari?,
All Bashashati®, Roslin Russell”, Steven McKinney?#, METABRIC Groupf, Anita Langerod?, Andrew Green’, Elena Provenza
Gordon Wishart®, Sarah Pinder”, Peter Watson™ 19, Florian Markowetz 2, Leigh Murphy'®, lan Ellis?, Arnie Purushotham®
Anne-Lise Borresen-Dale®!?, James D. Brenton® %, Simon Tavaré! #5114, Carlos Caldas'* %1% & Samuel Aparicio®*

Discovery set

Logrank P = 1.2 = 10714

INTGIUSt: 74(18)
45(20)
180(19)

Disease-specific survival probability

02
|

ust10: 96(30)

T T T
o 50 100 150
Months

00

Figure 5 | The integrative subgroups have distinct clinical outcomes.

a, Kaplan—Meier plot of disease-specific survival (truncated at 15 years) for the
integrative subgroups in the discovery cohort. For each cluster, the number of
samples at risk is indicated as well as the total number of deaths (in
parentheses). b, 95% confidence intervals for the Cox proportional hazard
ratios are illustrated for the discovery and validation cohort for selected values
of key covariates, where each subgroup was compared against IntClust 3.
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Figure 1 | Significantly mutated genes and correlations with genomic and
clinical features. Tumour samples are grouped by mRNA subtype: luminal A
(n =225), luminal B (n = 126), HER2E (n = 57) and basal-like (n = 93). The
left panel shows non-silent somatic mutation patterns and frequencies for
significantly mutated genes. The middle panel shows clinical features: dark
grey, positive or T2-4; white, negative or T1; light grey, N/A or equivocal.

62 | NATURE | VOL 490 | 4 OCTOBER 2012

N, node status; T, tumour size. The right panel shows significantly mutated
genes with frequent copy number amplifications (red) or deletions (blue). The
far-right panel shows non-silent mutation rate per tumour (mutations per
megabase, adjusted for coverage). The average mutation rate for each
expression subtype is indicated. Hypermutated: mutation rates >3 s.d. above
the mean (>>4.688, indicated by grey line).

¢, Heat map of mutations/CNA and their effects on RNA and
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Integrated analysis of the PI(3)K, TP53 and RB1 pathways.

a PI(3)K pathway (390 tumours with mRNA/mMutation/protein data)

PIKICA mutation
PTEN LOM
NP E8H - ! A
ETEN copy y /DT Ul
NP 53
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b TP53 pathway (506 tumours with mRNA/mutation data)
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© RB pathway (506 tumours with mRNA/mutation data)
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Mutual exclusivity modules in cancer (MEMo) analysis.
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Comparison of breast and serous ovarian carcinomas.
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Table 1| Highlights of genomic, clinical and proteomic features of subtypes

NATURE

Subtype Luminal A Luminal B Basal-like HER2E

ER™/HER2™ (%) 87 82 10 20

HER2" (%) 7 15 2 68

TNBCs (%) 2 1 80 9

TP53 pathway TP53 mut (12%); gain of MDM2 ~ TP53 mut (32%); gain of MDM2  TP53 mut (84%); gain of MDM2  TP53 mut (75%); gain of
(14%) (31%) (14%) MDM2 (30%)

PIK3CA/PTEN pathway  PIK3CA mut (49%); PTEN PIK3CA mut (32%) PTEN mut/loss ~ PIK3CA mut (7%); PTEN mut/loss  PIK3CA mut (42%); PTEN

RB1 pathway

mRNA expression

Copy number

DNA mutations
DNA methylation

Protein expression

mut/loss (13%); INPP4B loss (3%) (24%) INPPAB loss (16%)

Cyclin D1 amp (29%); COK4 gain

(14%); low expression of

CDKN2C; high expression of RB1
High ER cluster, low proliferation

Most diploid; many with quiet
genomes; 1q, 8q,8pl1 gain; 8p,
16q loss; 11g13.3 amp (24%)

PIK3CA (49%); TP53 (12%);

GATA3 (14%); MAP3KT (14%)

High oestrogen signalling; high

MYB; RPPA reactive subtypes

(25%)

Most aneuploid; many with focal
amp; 1g,8q,8pl1 gain; 8p, 16q
loss; 11q13.3amp (51%);

8p11.23 amp (28%)

TP53 (32%); PIK3CA (32%);

MAP3K1 (5%)

Hypermethylated phenotype for

subset

Less oestrogen signalling; high
FOXM1 and MYC; RPPA reactive

subtypes

Cyclin D1 amp (58%); CDK4 gain

Lower ER cluster; high proliferation

(35%); INPP4B loss (30%)

RBI mut/loss (20%); cyclin E1

amp (9%); high expression of
CDKN2A; low expression of RB1

Basal signature; high praliferation

Most aneuploid; high genomic
instability; 1q, 10p gain; 8p, 5q

loss; MYC tocal gain (40%)

Hypomethylated

signature (pAKT)

TP53 (849%); FIK3CA (7%)

High expression of DNA repair
proteins, PTEN and INPP4B loss

mut/loss (19%); INPP4B
loss (30%)

Cyclin D1 amp (38%);
CDK4 gain (24%)

HER2 amplicon signature;
high proliferation

Most aneuploid; high
genomic instability; 1g, 8q
gain; 8p loss; 17q12 focal
ERRB2 amp (71%)

TP53 (75%); PIK3CA
(42%); PIK3R1 (8%)

High protein and phospho-
protein expression of EGFR
and HER2

Percentages are based on 466 tumour overlap list. Amp, amplification; mut, mutation.

A Number of splits = 4; Number of terminal nodes=5
BB
| [
) 1 B|
13 .J.l.l-.
79 277
PGR<=4,5667
2 A 3 B
35 44 105 172
HER2/neu<=4,5833 KI67<=7,025
4 A 5 E 6 D 7 B
I'lI'l' L | I'Jl'
110 65
CCND<=5,0083
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TennoBast KapTa Me€papXU4YecKoit
iaccuduranyu 1834 o6pasuos PMK

NanoString Technologies; Seattle, WA,
USA,
Prosigna, Poccust

omnpe/ie/ieHNe MOJIEKY/ISIPHOTO
¢denoTHmna omyxonu:
6asanpHONO06HEIH, ERBB2+, a Taroke
JIIOMUHA/IBHBIN A U B; 11 prcka
penuanBa 3a60/1eBaHNs: HU3KUH,
TIPOMEXXYTOYHBIN MJIA BBICOKUH
PexkomMeH/10BaH J/151 BCEX TUIIOB
OITyX0JIel MOJIOYHOM YKeJ1e3bl
Tepanust B 3aBUCHMOCTH OT
MOJIEKY/ISIPHOTO peHOTHIIA OITyXO/TH U
pHCKa pennrBa 3a601€BaHus

$5700
Marepuas UCCIeJ0BaHMS:
napa¢uHOBbIE 6IIOKU
- et al. Clinical implications of the intrinsic molecular subtypes of breast

cancer. Breast. 201524 Suppl 2:526-35.

12.12.2017

26


https://www.ncbi.nlm.nih.gov/pubmed/?term=Prat A[Author]&cauthor=true&cauthor_uid=26253814

