Cancer Biology |
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Week 9




AGENDA

Nov 10t": Cancer genomics-copy number alterations, heterogeneity, tumor
evolution

Nov 17t: Cancer Epigenetics- chromatin 3D structure, cell plasticity
Nov 24%: — Major signaling pathways leading to cancer

Dec 1st: Cancer Therapies — chemo and targeted therapies

Dec 8t": Introduction to immunotherapies —

Dec 15%: discussion of unclear points and career development discussion towards a
PhD

Dec 17%: Exam 2-4 PM (room to be decided)



s it cancer only driven by
somatic mutations?




What are they?

Cancer Genomic Alterations

Epigenetic
silencing
(e.g. DNA methylation)

Somatic
mutations
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How can we detect copy number alterations?



Copy Number Alterations:

Whole Genome Sequencing (WGS)

t(14:18)

equencing eport

Chromosome 14

whole genome sequencing FISH
or SNP array Fluorescent in-situ hybridization

What is the major difference between these two approaches?



SNP array:

SNPs in an individual's genome, occurring on average once
every 1,000 nucleotides.

Patient genome reference genome

@ Genomic DNA extraction @

i
1 Library preparation l - g B .
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l Labelling of DNA l

Hybridization

Microarray Chip
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Copy Number Alterations:
whole genome sequencing or SNP array for each
patient
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Copy Number Alterations:
whole genome sequencing or SNP array for each
patient
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Copy Number Alterations profile for each
patient

Whole genome | Mt A, s a4
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Copy Number Alterations (CNA)

* Deletion: Loss of chromosomal regions (Heterozygous or Homozygous)

*  Amplifications: Acquire one or more copy of chromosomal regions
(Duplication or Amplification)

§55
Why do we have heterozygous or homozygous CNA? §
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Copy number alterations



Patients Samples

Focal Deletions derived from
multiple cancer patients
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(ARF/p16) inactivating a tumor suppressor



Patients Samples

Focal Amplifications
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Copy Number Alterations

Copy Number Alterations
inter-tumor heterogeneity
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Copy Number Alterations
inter patient heterogeneity

Patient Samples (Endometrial cancer)
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* Tumor subtypes defined by copy number alterations

Amplifications
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(TCGA, Nature 2013)



What are they?

Cancer Genomic Alterations

Epigenetic
silencing
(e.g. DNA methylation)

Somatic
mutations
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Chromosomal Structural Variants
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Chromosomal Structural Variants

DNA Protein
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Chromosomal Structural Variants

BCR-ABL fusion protein: fusion
generate a new protein with

hyper-active kinase activity
t(14,18) translocation puts BCL2 under the IgH promoter: Normal Translocation

BCL2 gets upregUIated in Iymphoma chromosome 9 1(9:22)

Normal Philadelphia
chromosome 22 chromosome

+* — +
ber
DS IgH gy BCL2 22q11.2 *
(bcr)

9q34.1
(abl)

Chromosome Chromosome
18 14

—IgH
~ Bel-2




Can we use whole genome sequencing to
l[dentify chromosomal translocation?



Chromosomal Structural Variants:
individual genomic loci

Translocations became apparent from FISH (long before NGS techniques)

t(14;18)

Chromosome 14




Synthesis of an
fluorescent label
oligonucleotide
probe

FISH (Fluorescent In Situ Hybridization)

Gene Fixed Cells
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Chromosomal Structural Variants:
Chromosome painting

Translocations became apparent from “chromosome painting”




Patterns of genomic alterations

Considering both mutations and copy number changes:

MUTUALLY EXCLUSIVE: rarely occur together

CONCURRENT ALTERATIONS: frequently occur together



Mutual Exclusivity

* Observations of mutually exclusive alterations

BRCA altered cases, N = 103 (33%)
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| Germline mutations (TCGA, Nature, 2011)
| Somatic mutations
[| Hyper-methylation



Mutual Exclusivity

* Observations of mutually exclusive alterations

Colorectal Carcinoma

BRAF
KRAS
NRAS
HRAS

Thyroid Papillary Carcinoma

5:2; Why Mutual Exclusivity?
NRAS
HRAS

Melanoma
BRAF —
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Why Mutual Exclusivity?

1) Selective Advantage

* Homozygous deletion

* Focal Amplification

+ Somatic mutation

CDKN2A

CDKN2A
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A second hit in the same pathway doesn’t offer a further selective advantage



Mutual Exclusivity reflects Selection

PTEN Del

Normal \/ Cancer
Cell Cell
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Is MDM2 amplification giving the same advantage in the 2 cases?



Mutual Exclusivity reflects Selection

TCGA Glioblastoma Dataset

Altered in 118 (43%) of 273 cases/patients
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Mutual Exclusivity reflects Selection

PTEN Del

Normal \/ Cancer
Cell Cell
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Is PIK3CA mutation giving the same advantage in the 2 cases?



Mutual Exclusivity reflects Selection

TCGA Glioblastoma Dataset (source cBioPortal)

Altered in 116 (42%) of 273 cases/patients
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Why mutual exclusivity?

2) Synthetic Lethality
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Gene B

e.g. BRCA1/2 and PARP1
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Synthetic Lethal interactions

Mutual exclusivity between alterations in DNA repair genes BRCA1/2 and
cell cycle regulators CCNE1 and RB1 in ovarian cancer and Basal breast cancer

Altered Cases: 50% p<1E-4 p*<1E-2
BRCA1 12% LLLLA AL R AR R IR L))}
BRCA2 11% o8 SRR NRRNRRNR RN RRRRRRRRRRRRNS
CCNET 200 1) | FECREREEEEEEE e r e e e e e r e e e e e e e e e e
RB1 10% | (|]es u L PECERELEEEEREE e
RBBPS 4% 1 RRRRR RN

(Ciriello et al. Genome Res. 2012)

APOPIOSIS
€ Cell cycle checkpoints - Basal tumours only (57%, 46 samples)

C
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B
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Cell-cycle arrest
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(TCGA, Nature 2012)



Synthetic Lethal interactions

Mutual exclusivity between alterations in DNA repair genes BRCA1/2 and
cell cycle regulators CCNE1 and RB1 in ovarian cancer and Basal breast cancer

Altered Cases: 50% p<1E-4 p*<1E-2
BRCA1 1200 ORNERRRRNNANRANNRNARNNNARRRRNRRRRRNNNS
BRCA2 119% o8 SRRRRRRRNRERRRRRNRRRRRRRRRARNANN
CCNE1 20% i | LN R R NN RN RN RN RN RRRRANNR
RB1 10% (RN LL] u LT PEELEELEEERE e
RBBP8 4% i ARRRRRNR

(Ciriello et al. Genome Res. 2012)

ApPOpIosIS ANAA4 MP* - N N4

° Synthetic lethality between CCNET amplification
and loss of BRCA1

Dariush Etemadmoghadam®®*, Barbara A. Weir®®, George Au-Yeung®', Kathryn Alsop®’, Gillian Mitchell*®,
Joshy George®', Australian Ovarian Cancer Study Group®®""!, Sally Davis®<, Alan D. D’Andrea®, Kaylene Simpson®<,
William C. Hahn®®, and David D. L. Bowtell*><"2 (PNAS, 2013)

(TCGA, Nature 2012)

Why is it important to find pairs of genomic alterations that are synthetic lethal?



Laboratories working on cancer genomics
EPFL/UNIL

Sebastian Martin Waszak
Group of Giovanni Ciriello U N I L

Computational Biology & Cancer Genomics group

We have open positions for postdoc candidates and phd
students. Please check our website http://ciriellolab.org/ (

Research in our group focuses on computational and system
biology approaches to study functional interrelationships between
molecular alterations selected in cancer. Computational biology
studies focus on the design and development of systematic
approaches to nominate candidate functional alterations from
molecular profiles of human tumors, how these events are




What are the challenges?

* Prioritize the multitude of genetic aberrations

Several studies classified genomic alteration based on statistical analyses

* Functional Annotations of Genomic Alterations

Define the biological impact of genetic alteration in the tumor development



How to study this complexity?

Disease-model matching




Multiple cell lines isolated from different
tumors

S CCLE

Cancer cell line encyclopedia

https://portals.broadinstitute.o
Cancer cells grow rg/ccle

for forever



https://portals.broadinstitute.org/ccle
https://portals.broadinstitute.org/ccle

ransgenic animal models

a Tumour
suppressor Tissue-specific-rtTA

and Tet-luciferase

129SV/Ev

Tet-oncogene

Test tissue-specific Chimeric model animal
expression
b (i) Knock out tumour suppressor gene "" .
(e.g. Trp53, Ink4a or Pten) '
(i) Add tissue-specific switch element =
(such as CCSP-rtTA) and reporter gene for @
in vivo imaging (e.g. Luc)

(iii) Add inducible oncogene

%
A @& & &S &

|[EGFR®®| [EGFR| |[ERBB2'®%| |[PIK3CA| [KRASS®| [BRAFV6™E|

Heyer et al. Nature Rev. Cancer, 2013



The Human Relevance

Vot worry,
| Wag the sgme
*b\"”ﬁ, awn o -H\QY




Patient derived xenograft
and
Humanized-xenogaft model

g @ = Tumor section
‘ i Tumor section . | i
o ———> - . —t—1— I — Peripheral blood
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Patient-derived tumor xenograft model Humanized-xenograft model

What is the difference between these two models?
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Laboratories working on organoids EPFL

Wouter Richard Karthaus

wouter.karthaus@epfl.ch +4121693 8149 ‘ vCard
PhD program committee member, Doctoral Program Molecular life sciences v

’ +4121693 8149 ‘

EPFL > VPA > VPA-AVP-DLE » AVP-DLE-EDOC » EDMS-GE

https://go.epfl.ch/phd-edms




Fragments of tumors: tissue explants

Hospitals (CHUV) Laboratory Un’rr’red drug A drug B

S -

— P o« 4. Assess response to therapies
O e . L ;"g o \ LS using image-based analyses
— v "‘ :
1. Obtain a fresh 2. Reduce it 3. Test different
tumor tissue in small fragments therapies

5. Matches with clinical response



Laboratories working on tissue explants
in EPFL

Albert Santamaria Martinez Ecit profile

Scientist, Prof. Oricchio Group -
EPFL SV ISREC UPORICCHIO +4121693 36 26
SV 2824 (Batiment SV) Office: SV 2824

Station 19 EPFL > SV > ISREC > UPORICCHIO
1015 Lausanne

Web site: https://oricchiolab.epfl.ch

albert.santamariamartinez@epfl.ch +4121693 36 26

Oricchio lab: for new model development and Albert for clinical development



Patient avatars

©® © O 6 @ ®

Genomic Patient-Derived  Patient-Derived  Patient-Derived  Patient-Derived  Patient-Derived
Sequencing Coll Lines Xenografts Tissue Explants Organoids 3D Micro-Models
Predictable
Therapies T T CR TICIO'R TICMOR TICIR TICAOR
Establishment
Success from .t 4. . + - + -
Blopsy
TME - - - " e - "
Cost + + + e 4+ - +

T = Targeled Therapies, C » Chemotherapies, R = Radiation, 10 » immuno-oncology Therapies, TME » Tumor Microervironment
*PDX models include mousa stromal cells in the TME and require immuna reconstaution with humanzed mouse models to adequately recapitulate 1O therapses.



Cancer intra-tumor heterogeneity
and its evolution



Cancer is an heterogenous disease

Lung cancer patient

Normal tissue

mm b



Cancer is an heterogenous disease

Papillary

T

¢ cancer cells



Cancer is an heterogenous disease that evolves over time

Lepidic

¢ cancer cells

Early stage of the disease Late stage of the disease

M P




Cancer is a disease that evolves following the
principle of species evolution

Clonal fractions at initial diagnosis Day 170 First relapse

12.74%( * )

« ETV6, WNK1-WAC, e

. * DNMT3A, NPM1, FLT3, PTPRT, SMC3 MYO18B

AML1/UPN933124
Chemotherapy
Cell type: Mutations:
. — . AML © Founding (cluster 1) Relapse enriched (cluster 3) ® Relapse specific (cluster 5) ¥ Pathogenic mutations

® Primary specific (cluster 2) ~ ® Relapse enriched (cluster 4) © Random mutations in HSCs

What happens during the time of chemotherapy treatment to tumor evolution?



A simplified model of cancer evolution
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A simplified model of cancer evolution

Time of Diagnosis
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A simplified model of cancer evolution

Time of Diagnosis

= '
J13X1Y
N
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Intra-tumor heterogeneity and
metastasis

~1 Patient1

Intermetastatic heterogeneity Intrametastatic heterogeneity

© 2015 American Association for Cancer Research



Intra-tumor heterogeneity

Private E mutations
_[ ¥ { \// Private F mutations ™
S Private D mutatim g
/ [ mutations

Shared B mutations Shared C mutations J

Early

: > :
Truncal A mutations mutations

Tumor mass Tumor clonal composition Evolutionary phylogenetic tree

Phylogenetic tree analyses: study of cancer evolution
driven by accumulation of genetic mutations



Paper for Wednesday

https://www.nejm.org/doi/pdf/10.1056/NEJM0al616288

Pdf will be in the moodle with a list of questions to guide the
discussion


https://www.nejm.org/doi/pdf/10.1056/NEJMoa1616288
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