Triple Negative Breast Cancer:
towards a more Integrated approach
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A reductionist approach

UNIVERSITE
TOULOUSE I
PAuL SABATIER
Q)
/

,-pn POLYTECHNIQUE 23 S
Université Q MONTREAL 5.5

de Montréal
HSCM

% Maastricht University

\A\T MAAST

........

R

Microfluidics = 1CB
Nanosciences ™" |nserm ‘)

Protein crystallization



Concepts







System

| g
_ -
B o
n = 5 g =
-
. . Igsllilvidual .
MRNA

Protein



System

_
. . System .
I

p
b
|

~N

_J

\_
H g

Environment




. . System .
I

System

r

~
~\

~N

N
_

Environment

Imaging Instruments
Measurement Instruments

Modeling
Numerical Simulations



System







Complex System




Boeing 747; 3.108 pieces, HSP meeting, D.C.

Complicated System

composed of a large number of

interacting components

its properties can be accurately
predicted

it is the sum of its parts

Central organization

« Complicated is not Complex »
[Nat. Biotech 1999]

Canadian gooses, Prostate Cancer Institute, Vancouver

Complex System

displays  properties are  NOT
predictable from a  complete
description of its components

The whole is more than the sum of its
parts

lts elements can adapt and play
different roles

No element is essentiel (distributed
system)

auto-organization



Interaction / Regulation
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Translational Research




Translational Research
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Biomarkers




Oncology / Bioinformatics / Personalized Medicine

omics Signatures
Sampling

Biomarkers Variables

(o ~l0%cells wwem  * Survival
e~ 200 cell types ¢ Diagnosis
L e Treatment

| pd~~20.000 genes efficacy
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DNA Microarrays




Microarrays

® Solid support (glass, silicon wafer, nylon membrane) = Slide
® Molecular probes (cDNA, Oligos [25-65mers]) = detectors

® Printing probes on the slide
(presynthesized then deposited, synthesized in situ)

1y, SR @ Target isolation, reverse transcription
IR and amplification

00000

@® Target Labeling
® Hybridizing

@ Scanning

® Analyses



Microarrays
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 Underdeterminded problem: el EE

1 DNA microarray has 20,000+ probe sets

 This Affymetrix HG U133 Plus 2.0 microarray has 54,675
probe sets




Breast Cancer
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* In France, in 2017:

p, Breast Cancer In France

« ~59 000 /400,000 new cancer cases

o ~12,000/ 150,000 cancer deaths

Mortalité i( M&Eﬂc‘“‘én

Classe d’age Incidence

[00 : 14] y - [Inca 2017]
[15: 49] 11 135 856

[90 ; 64] 19 034 2374

(65 ; 74] 15180 2620

[75 ; 84] 8 574 2 582

[85; ++] 5045 3451

Total 58 968 11 883
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} Breast Cancer

Breast cancer Is a heterogeneous disease

with respect to:

— cellular composition,
— molecular alterations, and
— clinical outcome

Challenges:
— Classification
— Prognosis
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)& Breast Cancer

 Main clinical parameters:
— age, lymph node status, tumor size, histological grade
— estrogen receptor [ER], '
— progesterone receptor [PR] |
— epidermal growth factor receptor 2 [HER2]

All of which are routinely used in the clinic to:"

— Stratify (partitioning of) patients for prognostic
predictions and

— to select treatments



« Intrinsic » molecular subtypes [Perou et al Nature 2000]

65 surgical specimens of human breast tumours
from 42 different individuals, using
complementary DNA microarrays representing
8,102 human genes

letters to nature

Molecular portraits of
human breast tumours

Charles M. Perou* {, Therese Serliei, Michael B. Eisen*,

Matt van de Rijns, Stefanie S. Jeffrey!, Christian A. Rees”,
Jonathan R. Pollack¥, Douglas T. Ross 9, Hilde Johnsen,

Lars A. Akslen#, Bystein Fluge -, Alexander Pergamenschikov*,
Cheryl Williams*, Shirley X. Zhus, Per E. Lenning**,

Anne-Lise Borresen-Dale:, Patrick 0. Brown¢ | & David Botstein*







)-\ Iriple-Negative Breast Cancer (TNBC)

 Main clinical parameters:
— age, lymph node status, tumor size, histological grade
— estrogen receptor [ER-],
— progesterone receptor [PR-]
— epidermal growth factor rg:eptor 2 [HER}Z’-]

Currently:
— No validated biomarkers
— No approved targeted therapies

Questions:
— Can we better understand TNBC?
— |dentify potential resistance biomarkers?



TNBC Subtypes
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Subtyping Triple-Negative Breast Cancer

Training Set
BL2

Validation Set
MSL LAR BL2

Lehman et al. JCI 2011

GO Terms/
Canonical Pathways

Basal-like 1

Cell Cycle

DNA Replication Reactome
G, Pathway

RNA Polymerase

ATR/ BRCA Pathway

G, to S Cell Cycle

Basal-like 2
EGF Pathway
NGF Pathway
MET Pathway
WNT [-catenin Pathway
IGF1R Pathway
Glycolysis/ Gluconeogenesis

Immunomodulatory

CTLAA4 Pathway

IL12 Pathway

NK Cell Pathway

Th1/Th2 Pathway

IL7 Pathway

Antigen Processing/ Presentation
NFKB Pathway

TNF Pathway

T Cell Signal Transduction
DC Pathway

BCR Signaling Pathway

NK Cell Mediated Cytotoxicity
JAK/ STAT Signaling Pathway
ATR/ BRCA Pathway




Subtyping Triple-Negative Breast Cancer

Seven (/) subtypes:

* pasal-like 1,

* pasal-like 2,

« Immunomodulatory,

* |uminal androgen receptor
¢ mesenchymal,

« mesenchymal stem-like,

e unstable

Lehman et al

A TNBC Clusters (Training Set)
n= | AVG Width

1: 49| -0.02

2: 67 | 0.09
3: 55| 0.06

4: 72| 0.12

5: 73 | 0.07
6: 26 | 0.12

7: 44| 0.26

Average Silhouette Width: 0.09
| I |
0.0 0.2 0.4
Silhouette Width s(i)

.JCI 2011



o
o0 :
@ CANCEROPOLE Est Outline

. Régions Bourgogne-Franche-Comié / Grand Est

« Concepts
mmmmd o Anintegrative approach to TNBC

» Next steps?



Towards an

Integrative approach
to TNBC




Approach

Wet-bench experiments Bioinformatics
« TNBC cell lines culture: e« Download microarray data
HCC70, HCC1937 et MDA- - (e.g.: from GEO, TCGA)
MB-231

L. QAIQC, Normalization,
n ! Batch-correction

« MTT viability tests after

treatment (4 chemotherapies) — szs2ss
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 Find differentially expressed
genes, GO, Pathway
analyses

 Proliferation kinetics/dynamics
by impedance-metry, dose-
response




Treatments

« MTT tests on TNBC cell lines:
TNBC cells are killed by un-
targeted agents

Dose

5-fluorouracyle Cisplatine Epirubicine
067 -+ 6,25:M 087 - 1,25M 067 -~ 0,0115nM
A g - 56pM B ’g‘ - 5;1M C § -e- 0,230nM

S - 400uM S 067 - 10uM S - 0,920nM
n 0.4 o 5 0.4
b -e- PBS 1X b -e- PBS 1X b -e- PBS 1X
3] o 0.4 o
g 0.24 § § 0.24
2 3 0.2 2
§ | L —— g

0.0 T T 1 0.0 T T , 0.0 T T 1

20 40 60 80 20 40 60 80 20 40 60 80
Temps (h) Temps (h) Temps (h)
Taxotere
D 9 - 1,25nM E

§ 0.64 - 5nM Lignée HCC70 HCC1937 MDA-MB-231
5 : i%ngx Traitement IC25 | IC50 | IC75 IC25 IC50 IC75 IC25 1C50 IC75
S 0.4 5-fluorouracyle (uM) | 6,25 =13 400 12,5 | 50 100 12,5 50 200
8 4 Cisplatine (uM 1,5 5 10 1,25 7.5 20 1,25 5 20
e p B
E 0.21 4 T Epirubicine (nM) 0,1 0,25 1 0,1 | 1 2 0,1 0,5 15
< = - 1 Taxotére (nM) 1 5 40 2,5 10 20 5 10 20

0.0 T T 1

20 40 60 80

Temps (h)



Treatments

 Dose-response kinetics of TNBC cell lines

Index Cellulaire

Index Cellulaire

Cisplatine

e
T 1
\\
2 \‘*‘-ﬂ—-—*_

Teme;?s (h) e - L m;n; ain M) ; :
Traitement 5-fluorouracyle Cisplatine Epirubicine Taxotére
Lignée IC50 (uM) | R? IC50 (uM) R |IC50(nM)| R? |IC50(nM)| R?
HCC70 100 0,984 3,16 1 0,447 1 2 1
MDA-MB-231 28 0,95 3,98 0,696 | 0,355 |0,781 11 0,902

HCC70 and
MDA-MB-231
cell linces
exhibit various
responses



Bioinformatics Pipeline

Download Microarrays

QA/QC

Normalize data
Correct for Batch effect e I
Differential Expression (gene level) R F*[i 1
Differences in Pathways Ced| Ml
Map existing drugs - _?I‘
Interpretation for treatment success/failure — - L.



Finding differentially
expressed

(genes and) pathways




Treatments

« Gene signatures (231 transcripts, FDR=10%),
 Gene Ontology analysis

Cellular Componants Molecular Functions ) )
( : Biological Processes
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Protein Classes

D - E Gene Name SGE'LEI Ensembl ID Réle
i ymbo
ot PRKCA-binding protein PICK1 ENSGO00000100151 |Modulateur de Protéines G
v Tubulin beta-4A chain TUBB4A ENSGO00000104833 | Protéine du cytosquelette
o Unconventional myosin-le MYO1E ENSG00000157483 |Protéine du cytosquelette
¢ : Transcription factor AP-1 JUN ENSG00000177606 |Facteur de transcription
7 Cell division cycle-associated protein 4 CDCA4 ENSGO00000170779 | Protéine associée au cycle cellulaire
; Vascular endothelial growth factor A VEGFA ENSGO00000112715 |Facteur de croissance
: Cyclin-0 CCNO ENSG00000152669 |Régulateur du cycle cellulaire
Sholal ol 1 Casein kinase | isoform gamma-1 CSNK1G1 | ENSGOO000169118 |Kinase de la voie de signalisation de Wnt
Catagory Claudin-14 CLDN14 ENSG00000159261 |Protéine de jonctions serrées
Cysteine protease ATG4B ATG4B ENSGO00000168397 |Protéase a cystéines

Possible cell proliferation differences
between survivor vs non-survivor TNBC patients



Pathways
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Pathway Integration




Merged network (2172 nodes | 2541 edges) f



8 pathways (557 nodes | 581 edges) f

Calcium
Regulation in the
Cardiac Cell

Ectoderm
differentiation

Urea cycle and
metabolism of
amino groups

Vitamin A and
carotenoid metabolism

Common Pathways
underlying drug addiction

Preimplantation embryo

Gastric
cancer
network 1

Neural Crest differentiation



8 pathways (557 nodes | 581 edges

Betweenness Centrality Closeness Centrality | Stress Centrality Distribution
Shortest Path Lenath Distribution Shared Meighbors Distribution I Meighborhood Connectivity Distributic
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Proteins + Drugs + mIRNAs + TF
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Proteins + Drugs + mIRNAs + TF f




Weak ties theory




Cwerall Survival

100%

90% 4

80% 4

T0%

B0%

50% A

40%4

30% 4

20%4

10% 4

Testing Set (TCGA)

Overall Survival Kaplan-Meier Estimate

m Cases with Alteration(s) in Query Gene(s)

B Cases without Alteration(s) in Query Gene(s)

Logrank Test P-Valueg 0.00139

14 studies

9051 breast cancer samples (including
a few TNBC)

Altered in 3552 (41%) of 8716
sequenced cases/patients (8749 total)
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i CTL.Type

gene
gene
gene
gene
gene
gene
gene
gene
gene
gene
gene
gene
gene
gene
gene
gene
gene
gene
gene
gene

Degree

Descending Degree of Nodes

T

261
242
239
230
226
224
219
217
215
214
213
213
211
209
209
209
206
205
205
202

i CTL.GenelD

ENSG00000120307
ENSG00000133019
ENSGO000001658539
ENSGO0000149295
EMNSGO00000072052
ENSG00000169252
ENSG00000131072
ENSG00000043591
ENSGO0000100030
ENSG00000170214
ENSGO0000037586
ENSG00000137193
EMNSGO0000134345
ENSGO0000077150
ENSGO00000109320
ENSGO0000032701
ENSGO00000171873
ENSG000001650592
ENSG00000035832
EMNSGO0000205208

Centrality / Hub theory

name

ADRATA
CHRM3
CHRM1
DROZ
PREACA
ADRBZ
CHRMZ
ADRB1
MAPK1
ADRAIE
ALIREA
FIM1
DRO1
MFKE2
MFEE1
G5K3E
ADRAID
ALDH1A1
FKEF 1A
PDETA

i CTL.proteinMame

Alpha-1A adrenergic receptor

Muscarinic acetylcholine receptor M3

Muscarinic acetylcholine receptor M1

D{2) dopamine receptor

cAMP-dependent protein kinase catalytic subunit alpha

Beta-2 adrenergic receptor

Muscarinic acetylcholine receptor M2 Cal C | um

Beta-1 adreneragic receptor

Mitogen-activated protein kinase 1 Reg u | at| on
Alpha-1B adrenergic receptor | n th e

Aurora kinase &

Serine fthreonine-protein kinase pim-1 Card | ac Ce| |
D{1A) dopamine receptor




Testing Set (TCGA)

Overall Survival Kaplan-Meier Estimate

o
100%
B Cases with Alteration(s) in Query Gene(s)
90% 4 B Cases without Alteration(s) in Query Gene(s)
80%- Logrank Test F'-‘u’alue
70% 1 :
e 14 studies
£ 60%- : .
c « 9051 breast cancer samples (including
T 50%] a few TNBC)
° a0, o Altered in 2684 (31%) of 8716
10% sequenced cases/patients (8749 total)
20%
10% 1
e 50 100 150 200 250 300 350 400

Months Survival



DB00445 = Epirubicin

 Total Number of Approved Drugs: ~3,200
 Total Number of Approved Small Molecule Drugs: ~2,300

/ g. ’ ./j\
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Towards an integrative approach




{,‘%\; World Health
5% Organization

THE WORLD NEEDS BETTER HEALTH DATA




More Integration

Confidentiality

¢ Managed by an organization
without any potential conflicts of
Interest

 Qualitative & quantitative
 Baseline value

e © Data quality

o »” Sampling « frequency »
e Integrative framework
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