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Natural Born Clones: Genotype vs Phenotype
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Epigenetic differences arise during the lifetime
of monozygotic twins
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Epigenetic Setting: DNA Methylation and Histone Modifications
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Epigenetic Roads to Cell and Tissue Identity
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Examples of Transdifferentiation in Human Cancer
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Human Leukemia Transdifferentiation Model (BLaER1)

Estradiol + IL-3 + M-CSF

O (10 nM each)
—

Leukemic Macrophage-like
Pre-B Cell (Myeloid)
(Lymphoid)
CEBPA ER Cell Stem Cell, 2009

Cell Reports, 2013
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B-cell Leukemia Transdifferentiation to Macrophage Involves
Reconfiguration of DNA Methylation for Long-Range Regulation
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| see mutated epigenetic genes...
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DNMT3A mutations mediate the epigenetic reactivation of
the leukemogenic factor MEIS1 in acute myeloid leukemia
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Extraordinary Cancer Epigenomics: Outside the Classical Coding and Promoter Box
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Validation of a DNA methylation microarray for 850,000 CpG sites

of the human genome enriched in enhancer sequences
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Epigenetic Reactivation of an Isoform of the Rab GTPase Activating

Protein TBC1D16 in Human Metastases
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Epigenomic Analysis Detects Aberrant Super-Enhancer

DNA Methylation in Human Cancer
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A DNA Methylation Map of Human Cancer at Single Base-Pair Resolution: A View of Distal Events
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Cancer-Specific DNA Methylation Silencing of ncRNAS

Table 1| Types of ncRNAs*

Name Size
Short ncRNAs

miRNAs 19-24 bp
piRNAs 26-31bp
tiRNAs 17-18bp
Mid-size ncRNAs
snoRNAs 60-300 bp
PASRs 22-200 bp
TSSa-RNAs 20-90bp
PROMPTs  <200bp
Long ncRNAs

lincRNAs >200 bp
T-UCRs >200 bp
Other >200 bp
IncRNAs

Location

Encoded at
widespread locations

Clusters, intragenic

Downstream of TSSs

Intronic

5' regions of
protein-coding
genes

=250 and +50 bp of
TSSs

-205 bp and -5 kb
of TSSs

Widespread loci

Widespread loci
Widespread loci

Number
in humans

>1,424
23,439

>5,000

>300
>10,000
>10,000

Unknown

>1,000

>350
>3,000

Functions

Targeting of mMRNAs and many others

Transposon repression, DNA
methylation

Regulation of transcription?

rRNA modifications

Unknown

Maintenance of transcription?

Activation of transcription?

Examples include scaffold DNA-

chromatin complexes

Regulation of miRNA and mRNA levels?

Examples include X-chromosome
inactivation, telomere regulation,

imprinting

Illustrative examples

miR-15/16, miR-124a,
miR-34b/c, miR-200

piRNAs targeting RASGRF1
and LINE1 and IAP elements

Associated with the CAP1 gene

Us50, SNORD

Half of protein-coding genes

Associated with RNF12 and
CCDC52 genes

Associated with EXT1 and
RBM39 genes

HOTAIR, HOTTIP, lincRNA-p21

uc.283+,uc.338,ucl60+

XIST, TSIX, TERRAs, p15AS,
H19, HYMAI

Refs

©

2/

®©

1V

Cancer Res 2007
PNAS 2008
Oncogene 2011
Oncogene 2012

Epigenetics 2014

RNA Biology 2012

NSMB 2012
PNAS 2015
PNAS 2016

Oncogene 2010
Mol Cell 2014

Esteller, Nature Reviews Genetics 2011



TP53TG1 methylation in gastrointestinal tumors in associated with poor outcome
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Table 3 | Hypermethylated genes predict drug sensitivity

Gene name  Gene function Therapeutical consequences  Tumour type Example
application refs

ABCB1 Protein transport Sensitivity to doxorubicin Breast 120

APAF1 Apoptotic activator Resistance to adriamycin Melanoma 121

BRCA1 DNA damage response Sensitivity to PARP inhibitors and  Breast, ovary 81
alkylating agents

CDK10 Cell cycle control Resistance to anti-oestrogens Breast 122

CHFR Ubiquitin protein ligase Sensitivity to paclitaxel and Ovary, endometrium, 123
docetaxel stomach

ESR1 ER signalling Resistance to anti-oestrogens Breast 124

FANCF DNA damage response Sensitivity to cisplatin Ovarian 125

GSTP1 Detoxification Sensitivity to doxorubicin Prostate, breast, kidney 126

IGFBP3 Signal transduction Resistance to cisplatin Lung 127

LINE1 Repetitive element Resistance to fluoropyrimidines  Colon 22

MGMT DNA repair Sensitivity to temozolomide, Glioma, colon, lung, 5
BCNU, ACNU, procarbazine lymphoma

MLH1 DNA repair Resistance to cisplatin Colon, stomach, 128

endometrium, ovary

MTIE Antioxidant Sensitivity to cisplatin Melanoma 129

PITX2 Transcriptional regulator Resistence to tamoxifen Breast 130

PLK2 Cell division Sensitivity to paclitaxel and Ovary 131
carboplatin

PRKCDBP Signal transduction Resistance to TNFa Colon 132

SFN Signal transduction Sensitivity to cisplatin and Lung 133
gemcitabine

SLC19A1 Folate transporter Resistance to methotrexate Lymphomas 134

SULF2 Heparin signalling Sensitivity to camptothecin Lung 135

TFAP2E Transcriptional regulator Sensitivity to fluorouracil Colon 136

TGM2 Apoptosis Resistance to doxorubicin and Lung, breast, ovary 137
cisplatin

TP73 Stress response Sensitivity to cisplatin Renal, melanoma 138

WRN DNA helicases Sensitivity to irinotecan Colon 139

ERCC5 DNA repair Resistance to nemorubicin Ovary 140

Esteller et al.,
NEJM 2000

Heyn and Esteller, Nature Reviews Genetics, 2012




Human colon cancer cell lines sensitive vs resistant

LOVO sensitive LOVO resistant
oxaliplatin oxaliplatin
(LOVO-S) (LOVO-R)

BN

Top Scorer: The BRCA1-Interactor SRBC

Moutinho et al., J Natl Cancer Inst 2014




With Clinical Significance
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NCI60 Hypermethylation-Associated Silencing of the

Putative DNA/RNA Helicase SLFN11 and Resistance to Platinum Drugs
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The NCI-60 DNA Methylome and its Integration into CellMiner
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A Landscape of Pharmacogenomic Interactions in Cancer
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Epigenetic Heterogeneity in Human Colorectal Cancer

Intertumoral epigenetic heterogeneity

Significantly higher than intratumoral DNA methylation
diversity (Chi-Square goodness of fit test: P = 0.005)

Intratumoral epigenetic heterogeneity

9.1% (0.6%-29.5%) methylation sites
were distinct (SD > 0.1) between
intratumoral  regions among the
interrogated 485,577 CpG sites

iy gV

INVASIVE FRON CENTRAL BULK

Most epigenetically 49 .4 % 25.3 % 25.3 %
divergent region . s o
Most epigenetically 30.4 % 26.1 % 435 %

resemblant to metastasis

Martinez-Cardus et al., Gastroenterology 2016



Carcinoma of Unknown Primary
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Cancer of Unknown Primary

| PET/CT of the thorax showing metastases.
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Profiling DNA Methylation in Human Cancer
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Bramsen et al., Cell Reports 2017
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Epigenetic profiling to classify cancer of unknown primary:

a multicentre, retrospective analysis

Sebastian Moran, Anna Martinez-Cardus, Sergi Sayols, Eva Musulén, Carme Balafid, Anna Estival-Gonzalez, Cdtia Moutinho, Holger Heyn,
Angel Dioz-Lagares, Manuel Castro de Moura, Giulia M Stella, Paolo M Comoglio, Maria Ruiz-Mir6, Xavier Matias-Guiu, Roberto Pazo-Cid,
Antonio Antén, Rafael Lopez-Lopez, Gemma Soler, Federico Longo, Isabel Guerra, Sara Fernandez, Yassen Assenov, Christoph Plass,

Rafael Morales, Joan Carles, David Bowtell, Linda Mileshkin Daniela Sia Richard Tothill, Josep Tabernero, Josep M Llovet, Manel Esteller

Lancet Oncol 2016
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Efficacy of Epigenetic Profiling to Classify Cancer of Unknown Primary

A Necropsy of CUP case predicted as Sarcoma by EPICUP D IHC of CUP case predicted| E IHC of CUP case predicted
as Breast Carcinoma by as Colon Carcinoma by
EPICUP EPICUP
H&E
m@;&‘é\\kﬁ
'ﬂ\
;?“ by 'egq
; az@ ;.S:.
“ a z "

B Histopathologic characterization| C PET image of CUP case predicted as Pancreatic
of CUP case predicted as Carcinoma by EPICUP
Sarcoma by EPICUP

Vimentin H&E

$100

Moran et al., The Lancet Oncology 2016




Efficacy of Epigenetic Profiling to Classify Cancer of Unknown Primary
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Diagnostic Procedures

CUP sample

* Physical exploration

* Imaging

» Immunohistochemistry

+ Expression microarray

» EPICUP

TV 1T 13T T 13

Moran et al., Na_t Rev Clin Oncol 2017

Non-Small cell lung
carcinoma

Head & Neck
squamous cell
carcinoma

Breast carcinoma

Colon carcinoma

Hepatocelular
carcinoma

Qvarian carcinoma

Endometrial
carcinoma

Sarcoma

Stomach carcinoma

Esophageal
carcinoma

Skin cutaneous
melanoma

ALK rearrangement
c-MET amplification
EGFR mutation
NTRK rearrangement
RET rearrangement
ROS1 rearrangement

FGFR rearrangement
PI3KCA mutation

BRCA1 methylation
BRCA1/2 germline mutation
HER2 amplification

MLH1 methylation

c-MET amplification
TCS52 loss

BRCA1 methylation
BRCA1/2 germline mutation

MLH1 methylation
PTEN Loss

ALK rearrangement
ASPSCR1/TFE3
rearrangement
COL1A1/PDGFB
rearrangement
NTRK rearrangement
TSC2 loss

c-MET amplification
HER2 amplification
MLH1 methylation

HER2 amplification

BRAF mutation
KIT amplification
KIT mutation
NRAS mutation

Identification . -
Primary Site Actionable Target Effective Drug

Alectinib, Ceritinib, Crizotinib
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The CUP TCGA Project

The Cancer of Unknown Primary (CUP) Cancer Genome Atlas (TCGA)
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Dr. Manel Esteller Dr. Jean C. ZenKlusen

THE CANCER GENOME ATLAS
National Cancer Institute
National Human Genome Research Institute
Whole Genome Sequencing, Total RNA Sequencing, DNA Methylome
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DNA Methylation Contributes to Define an Immune Subclass of Liver Cancer
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Rational of anti-PD1/PD-L1 immunotherapy

Immune checkpoint PD1/PD-L1 is pivotal in
adaptative immune resistance

PD-L1/PD-1 binding inhibits T cell
killing of tumor cell

Tumor cell

~Antigen

—T cell receptor

~

A S

Blocking PD-L1 or PD-1 allows
T cell killing of tumor cell

Tumor cell
death

PD-L1

Antl-PD-U& g r
R
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PD-1 AN

PD-1 <

;‘ — QE"

Anti-PD1 antibodies pembrolizumab and nivolumab
approved in advanced non-small cell lung cancer
(NSCLC)
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Overall Survival (%)
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EPIMUNE Project Purpose

Uncover epigenetic determinant of anti-PD1 efficacy in NSCLC:
Genome-wide DNA methylation profile (Illumina 850 K array beadchip) of pre-treatment FFPE

samples from NSCLC patients treated with anti-PD1
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EPIMMUNE Positive NSCLC : Prediction of Response to Anti-PD1 Therapy
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EPIMMUNE Positive NSCLC : Pathways Enrichment

Reduced B-catenin Signaling
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EPIMMUNE Negative NSCLC : Cell Type Deconvolution

Tumor-Associated Macrophages (TAMs) Tumor-Associated Neutrophils (TANs)

Duruisseaux, et al. The Lancet Respiratory Medicine 2018



EPIMMUNE-TCGA Positive NSCLC : Prediction of Response to Anti-PD1 Therapy
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EPIMMUNE Positive Derived Biomarker: FOXP1

Progression-Free Survival
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DNA methylation loss promotes immune evasion of tumours with high mutation and copy number load
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EPIGENETIC PRISM FOR CANCER PRECISION MEDICINE

EPICUP (Cancer Unknown Primary)
EPIMMUNE (PD-1/ PD-L1)

TUMOR DNA

MGMT (Temozolamide, BCNU, DTIC)
BRCAA1 (Platins, PARPI)

MLH1 (Platins, PD-1 / PD-L1)

SRBC (Oxaliplatin)

SLFN11 (Platins)

)/ TP53TG1 (MDR)

)/ DERL3 (PKM2i)

i SVIP (GLUT1i)

{ TBC1D16 (BRAFi, MEKi)

EPIGENOMICS

Esteller, 2019
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