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Summary
Definition
Histological diversity

Molecular heterogeneity
— Gene expression profiling
— Mutational profiling

Intra-tumour genetic heterogeneity



Definition — TNBC
* ER negative (<1%)
* PR negative (<1%)

« HERZ2 negative (ASCO/ CAP negative)



Histological diversity



TNBC - Histopathological features

« Grade lll

* Lymphocytic infiltrate

e Pushing borders

* High mitotic rate (>19/10HPF)
* Central necrosis
 Medullary features

« Metaplastic elements
— Sqguamous cells
— Spindle cells

Fulford et al, Histopathology 2006; Livasy et al, Mod Pathol, 2006; Turner et al, Oncogene, 2007; Kreike et al. Breast Cancer Res, 2007



Triple-Negative Breast Cancer

Low grade tumours High grade tumours
Polymorphous low-grade Secretory carcinoma Carcinoma with Metaplastic carcinoma

adenocarcinoma medullary features
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Weigelt et al., J Pathol 2008; Weigelt et al. Nat Rev Clin Oncol 2009 ; Wetterskog et al. J Pathol 2012; Weinreb et
al. Nat Genet 2014; Guerini-Rocco et al. J Pathol, in press; Martelotto et al. J Pathol, in press.



Molecular subtypes of TNBCs



Basal-like breast cancers and TNBCs
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Luminal Subtype B

HER2+ Normal Breast

Basal-like

protease inhibitor antieukoproteinase

tor V8 WeTs28
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ESTs ALI4358

eratin 17 AAD26542

pratin 5 W72110
&cid binding protein 7, brain WT2051

SRY sex-determining region Y-box § AA400464
UDP-N-acetytalpha-Dgalactosamine H13688

ESTs WS3120
small inducible cytokine sublamily D R86139

cadherin 3, P-cadherin placental AA425217
laminin, gamma 2 niceln AAG77534

transforming growth factor, beta 2 N480E2

troponin |, skeletal, fast AA161334
calpain-ike protease AA457238

chitinase 3-like 2 AASSSE21
dystrophin muscular dystrophy
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GRO1 oncogene, alpha W42723

secrot
nucleal

TAAZ91749
GATA-binding protein 3 H72474

GATA-binding protein 3 R31441
X-box binding protein 1 W30128




TN Is not a synonym for basal-like
phenotype!

TN Basal-like
(IHC/FISH) (microarrays
PAM50)

Luminal
AR

70-80%

Claudin
Low

Other
subtypes



TNBC subtypes

Training Set Validation Set
BL2

BL2 MSL LAR

Lehmann et al, JCI 2011

GO Terms/
Canonical Pathways

Basal-like 1

Cell Cycle

DNA Replication Reactome
G, Pathway

RNA Polymerase

ATR/ BRCA Pathway

@, to 8 Cell Cycle

Basal-like 2
EGF Fathway
NGF Pathway
MET Pathway
WINT [-catenin Pathway
IGF1R Pathway
Glycolysis! Gluconeogenesis

Immunomodulato
CTLA4 Pathway
IL12 Pathway
NK Cell Pathway
Th1/Th2 Pathway
IL7 Pathway
Antigen Processing/ Presentation
NFKB Pathway
TNF Pathway
T Call Signal Transduction
DC Pathway
BCR Signaling Pathway
NK Cell Mediated Cytotoxicity
JAK/ STAT Signaling Pathway
ATR/BRCA Pathway

Mesenchymal-like
IGF/ mTOR Pathway
ECM Pathway
Regulation of Actin by RHO
WNT Pathway
ALK Pathway
TGFf Pathway

Mesenchymal Stem-like

ECM Receptor Interaction
TCR Pathway

WNT f-catenin

Focal Achesion

Inositol Phophate Metabolism
NFKB Pathway

EGF Pathway

ALK Pathway

GH Pathway

NK Cell Mediated Toxiclty
RAC1 Pathway

GPCR Pathway

ERK1/2 Pathway

Integrin Mediated Adhesion
ABC Transporters General
RHO Pathway

Smooth Muscle Contraction
Calcium Signaling Pathway
Adipooytokine Signaling Pathway
PDGF Pathway

Luminal AR

Glutathiono Metabolism

Tyrosine Metabolism

Staroid Biosynthesis

Porphyrin Metabolism

Androgen and Estrogen Metabolism
Glycosphingolipid Metabolism
Flageilar Assembiy

Citrate Cycle TCA

Phenylalanine Metabolism

ATP Synthesis

Starch and Surcrose Metabolism
Arginine and Proline Metabolism
Metabolism by Cytochrome P450
Fructose and Mannose Metabolism
Fatty Acid Metabolism

Alanine and Aspartate Metabolism
Eicosanoid Synthesis

CHREB Pathway

Tryptophan Metabolism

. Basal-like 1
BL2: Basal-like 2
. Immunomodulatory
: Mesenchymal-like
MSL: Mesenchymal Stem-like
LAR: Luminal AR



Different types of TNBC respond to different
therapies in preclinical models
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PAM50 and 6 subtypes: 374 TNBCs

PAMS0

Basal-like Non-Basal-like Low-Claudin High-Claudin

MUNS WBLl EBL2 ®MIM "M EMSL ELAR M UNS WBLl WBL2 WIM "M EMSL HELAR

6 Subtypes

00000

LAR

[ Basal-like HER2 Normal-like ! Luminal B | Luminal A

Lehmann & Pietenpol. J Pathol 2014



Mutational profiles



TNBCs display complex patterns of
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TCGA Endometrial Cancer, Nature 2013



TNBCs have complex repertoires
of somatic genetic alterations

% cases with non-silent somatic mutations % cases with non-silent somatic mutations
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Triple-negative and basal-like cancers
have complex mutational repertoire
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Intra-tumour genetic heterogeneity



TNBCs often display intra-tumour
genetic heterogeneity at diagnosis

Clonal frequency (% tumour cells)
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Clonal evolution in breast cancer revealed
by single nucleus genome sequencing
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Conclusions

 TNBC Is a heterogeneous disease
— Histological subtypes with distinct outcomes
— Molecular subtypes
— Complex genomes
— Few highly recurrently mutated genes

— Display intra-tumour genetic heterogeneity at
diagnosis

 TNBC Is merely an operational term
— Collection of heterogeneous diseases






TNBC: primary and metastases from patients with
de novo stage |V breast cancer

Whole exome sequencing 250x + SNP6 arrays + targeted capture validation
(700x) of all mutations

Contra-lateral lymph node metastasis
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Not all TN are basal-like!
Not all basal-like are TN!

Bastien et al. BMC Medical Genomics 2012, 5:44
http://www.biomedcentral.com/1755-8794/5/44

BMC
Medical Genomics

RESEARCH ARTICLE Open Access

PAM50 Breast Cancer Subtyping by RT-qPCR
and Concordance with Standard Clinical
Molecular Markers

PAMS50 test (2012 version)

Basal HER2 Luminal A Luminal B

IHC | TN 57 30 4 10 43%

Non-TN 13 144 273 251

19%




Comparison of classifications:
PAM50 vs 6 subtypes of TNBC

PAMS0 for 374 TNBC TNBC type for 374 TNBC

B UNS
Basal-like BLI
HER2 HBL2

Intrinsic TNBC Type oM
Subtype

Luminal B M
Luminal A B MSL
B LAR

Normal-like

Lehmann & Pietenpol. J Pathol 2014



