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Epigenetics
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The two main components
of the epigenectic code

DNA methylation
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Epigenetics:
Stable alterations in gene expression
by several mechanisms, excopt
nuciectide sequence changes
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The genetic information provides the blue print for the manufacture of all the proteins
necessary to create a living organism, whereas the epigenetic information
provides the instructions on how, where and when the genetic information will be used.

Qiu NATURE 441: 143




DNA and destiny
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Cancer Survivors

Estimated Number of Persons Alive in
the U.S. Diagnosed with Cancer by
Site

In 2010, there were estimated 13. 6 million
cancer survivors in the United States

It is estimated that by 2022, the population of survivors
will increase to almost 18 million.

ACS. 2012. Cancer treatment and survivorship facts and figures 2012-2013.
Siegel et al (2012). Cancer treatmen and survivorship statistics, 2012. CA Cancer J Cin 62: 220

Men (4.24 million) Women (5.31 million)



Cancer continuum

DCCPS covers cancer continuum

Prevention Early Detection
Tobacco, physxal actity, diet, sun, Breast, cervical, cologsectal cancer
crrviromumnent, HPY immuanizatson sreenang

Treatment Lifc After Cancer End of Life

Trords incamcer Sreatenent Finamcaal Hhumden of can<er care, Mortaley, Peorson vyeoars of Mo bass

Cancer survivorshap
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Cancer development

Cancer Development is a Multi-step Process

P
Catl Cytia Asphoms

Initiated Premalignant

Genetic alterations and the progression of colorectal
cancer

The major signaling pathways that drive tumorigenesis are shown at the transitions
between each tumor stage. One of several driver genes that encode components
of these pathways can be altered in any individual tumor. Patient age indicates the
time intervals during which the driver genes are usually mutated. Note that this
model may not apply to all tumor types. TGF-B, transforming growth factor—§£.




Cancer research progress

Remarkable progress in cancer research
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Paradigm shift

Paradigm shifts in genetics

1850 -1900 : Proto-genetics Mendelian inheritance
Darwin, natural selection

1900 -1950 : Age of genetics gene concept, mutation,
genotype-phenotype

1950-2000 : Age of DNA structure, genetic code,
genome sequence

2000 - : Age of epigenetics epigenetic code, epigenome,
epigenetic medicine




Genome landscape
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CANCER GENOME LANDSCAPE
Number of somatic mutations in
representative human cancers,
detected by genome-wide sequencing
studies

Adagted from Vogeistein and KinZler (Science 2013)



GWAS hits

Published GWAS Etiology Hits (2010)
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Cancer genes
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Genome sequence

There’s more to the genome than its sequence

chromatin fiber

4D Nucleome

Roadmap
Epigenomics,
ENCODE, IHEC

é histone miﬁcation
Human
Genome

Project=orn




Kornberg and nucleosome

Nucleosomes (Units of Chromatin)

H1 is a Iinker histone which binds
DNA

To neulralize charge and provide stability to the DNA linking two adjacent
Histones H2a, H2b, H3, H4 nudieosomal cores

Nuclieosome: two tums of DNA (146 base pairs) wrapped around an octomeric complex of two
of each of histone types

1974: Roger Kornberg discovers
nucleosome who won Nobel Prize
in 2006.

Ouplax DNA (béue) * \e !
Core of B rntone Molecules

Nucleosome

Shores are 0-2xb from islands
Shelves are 2-4 kb and enhancers are beyond shelves



DNA methylation

as e Activated Oncogenes
Inactivated Tumor Suppressors
Asad Umar NCI it



Epigenetics

EPIGENETICS

Epigenetic alterations — changes induced in cells that alter expression of
the information on transcriptional, translational, or post-translational

levels without change in DNA sequence

Methylation of Modifications of RNA-mediated
— — ]y £

Shells and shores

U7 »xwma |Shores: less than 2 kb from the CpG island [itieng
<y ©——— | Shelves: 2-4 kb from the CpG island 3.
<12k, £33 IRemaining region: called OPEN SEA
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Epigenome components

Components of the Epigenome

A Hypermethylation
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Methylation

Transcription
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Chromatin modifications

Figure 1 : Modulation of covalent modifications on chromatin.
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Exercise

| Exercise is important for everyone |

* Drug targeting

You only need to sequence yvour genoimme once,
but you need to determine your epigenome
multiple fimes... nHps:/fwww. youtube comiwatch?v=JMTEORYQRTK




Environment and development

A. Epigenetics, Environment and Development

deacetylase 2 activity

Matemal Milic: immature, transient and mature (NK ratio & » » »

Foley et al. Am J Epid 169:389. from 0.8 10 1.2 10 2.0)) Sperm




Histone phosphorylation
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phosphorylation of histenes resulting in decreased histone

Aldehyde and nitric oxide. present in cigarette smoke induce
deacetylase 2 activity
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Endogenous factors
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Maternal Smoking during Pregnancy and DNA-Methylation in Children at Age 5.5
Years: Epigenome-Wide-Analysis In the European Childhood Obesity Project
(CHOP)-Study.
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The effects of maternal anxiety during pregnancy on IGF2/H19 methylation in cord
blood.
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Epigenetic Biomarkers

Abs=stract .
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gernes, Inssin-ix
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* Tissue- and cell-specific
= Factors that may affect the plasticity of human epigenome

Exogenous risk factors Endogenous factors

= Lifestyle factors + Aging
o Smokang Oxidative stress
o Alcohol cornsumption = Inflammation

o Physical activity * Metabolic disorders

o Diet + Hormone disorders
* Environmental Pollutants



Cancer etiology

Understanding Cancer Etiology and Risk Assessment

Need healthy population (pathologically disease free) (cohort) with
information about

Exposure (Chemicals, Radiations, Infectious Agents, Toxic substance)
Family History

Diet and Life Style

Medication

Need easily collected biospecimens (non-invasive technologies) and analytic
tools

Need follow up (for longitudinal studies) for several years
Challenge: Expensive, data sharing

Advantage: Essential to identify risk factors for cancer



Special populations

2

? Special Populations in EGRP
African-Amernican men & African men & wormen
wWoIimen

Alaskan & Hawailian Hatives
South American wormen

Middle-Eastemn populations
Asian-American & Asian men

& women Amernican-Indian, incl. Havajo
Latin-Americ an'H ispanics Rural South
Chinese

EGRP Studies Are Everywhere

+ Senegal Canacks

o Moalaws Sweder

* The Zambaa Do nesark

« China « France

»  Japan = Comts Rica

« Egypt = Singapore

* hsrael = Poland

« Brazi Aosstraba

« Colombes U.S., incheding Alasks
S MO SuEaeds

Cobhorts, TGN and Famay Registries




Cohort consortium

The Cohort Consortium (CoCo)

e 62 cohorts, over 4 million individuals

- Membership: cohort studies worldwide with >10,000
subjects, blood samples and questionnaire data on
important cancer risk factors

« The Cohort Consortium was formed by NCI to address
the need for large-scale collaborations for

— Rapid identification and confirmation of common
polymorphisms and cancer susceptibility (GWAS)

— Studies of GxG and GxE interactions in the etiology
of cancer.



Toxic substances

Key toxic substances affecting the epigenome

Arsenic Induces genetic and epigenetic changes

Benzene Benzene and its metabolic product hydroquinone alter
methylation profiles and contribute to leukemia

Cadmium Induces hypermethylation of selected genes in lung cancer

Chromium Induces hypermethylation in lung cancer

Nickel Alters chromatin structure and induces histone acetylation

PFOS Affects prenatal methylation and regulation of GSTFP7
and LINE/SINE sequences

PAHC Alters histone H3 acetylation in breast cancer model

Uranium Contributes to leukemia

PFOS, PerMucrooctane sulfonate
PAHC, Paolycychc aromatic and halcgenated compounds




Environment and child health outcomes

ECHO
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Scientific goal

ECHO Scientific Goal

From
society

Answer crucial questions about the effects of

to
a broad range of early environmental bio
influences on child health and development. |

P t!’

https://'www.nih.gov/echo/pediatric-cohorts

Health outcomes throughout
childhood and adolescence



Developmental Life Stages

Developmental Life Stages
Preconception/Prenatal Anything prior to labor

Perinatal Labor through discharge (or < 1 month?)
Infancy 1 month through 11 months, 30 days
Early Childhocod 12 months through 59 months

Middle Childhood 60 months through 11 years, 11 months
Adolescence 12 years through 18 (or 217?) years

Placenta, cord blood, nail, hair, saliva., urine

Matemal blood, milk before and after pregnancy



ECHO advantages

Developmental Life Stages

Advantages of ECHO Research Design

= Longitudinal cohorts — opportunity to examine repeated measures
-in utero

- early in life

- other transition periods
Look across multiple tissues in same person
Unifying/harmonizing epigenetic data with other data (including other omics data)
Potential for single cell analysis
Across generation

Placenta, cord blood, nail, hair, saliva, urine
Maternal blood, milk before and after pregnancy



Epigenetics and behavior
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Epigenetics and

behavior (including St kticHags
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The effects of maternal anxiety during pregnancy on IGF2/H19 methylation in cord
blood.
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+ Colilaborators (11)

* Author information
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Abstract
Compelling evidence suggesis that matemal mental health in pregnancy can influance fatal development. The imprinted
genes, insulin-like growth factor 2 (IGF2) and H19, are invalved in letal growth and each = regulated by DNA
methylation. Thes study aimed to determine the association between matemal mental well-being during pregnancy and
diffarentally methylated regions (OMRs) of IGF2Z2 (DMRO) and the IGF2/H19 imprinting control region (ICR) In newbornm
offspring. Matemal depression, anxiely and parceived stress were assesead al 258 weeaks of pregnancy in the Barwon
Infant Study (N=576). DNA methylation was measured in punfied cord blcod mononuciear cels using the Sequenam

within your DNA that can be controlled by you, by your emotions,
beliefs and behavioral choices.”




Toxico epigenomics

Pesaaech Article
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Mukesh Verma
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Toxicoepigenomics and Cancer: Implications
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Social epigenomics

Wihat s Social Epirgenonmics?
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Epigenomics
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Loss (or gain) of gene function in cancer
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Loss (or Gain) of gene function in cancer

Most permanent Most dynamic
Deletion Point mutations Chromatin
Amplification Changes Transcription
Chromosomal Promoter Factor
Translocation Methylation Changes
(lg rearrangement) Silencing
N — 5 ~ Cell-cycle
Regulated
Genetic Epigenetic Changes
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Genetic mutations

Genetic mutations of epigenetic modifiers in cancer
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The epigenetic machinery
Baylin and Jones (2016)



Hypomethylation
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DNA methylation and carcinogenesis

DNA Methylation and Carcinogenesis

DNA Methyvlation
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Integrin signaling

Integrin Signaling Network and Epigenetic Regulation
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Methylation

= Tolad methylation content of the cell
= medhhyfation level al specific stage

= medhhialion pattern of a group of genes ’ $ 8- -3 8 SEsRRse
= profile of methylaion of either a specific gene |
or a number of genes - e - =
= patiem of methylation in the whole epigenome | : mrs
- 88—
|

Laird Na¢ Rev Cancer 3:253 Nature Roviews | Cancer



Histone acetylation

X
Heterochromatin
Silenced histone code (SHC)
|
Histone coding for silencing | | Histone coding for transcription H3KOme
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Euchromatin Active histone code (AHC)
Steve Baylin



Micro RNA sighatures

Mirco RNA Signatures in Human Cancers
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Micro RNA methylation

Micro RNA Methylation in
Metastasis

Lujambio and Estelles”, Call Cycle 8: 377



Extracellular vesicles
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Histone modifications

® Phosphorylation 233" P:eu (moe';'fmmr Epigenetics
. Acetylation H3K4me3, Active promoter (Tollefsbol, T. ed.). Pp 347-457.
M Methylation H3K27ac, Active enhancers and promoters
4> Ubiquitination H3K4me1, Active and poised enhancers and promoters
. Stoat H3K9me3, Heterochromatin 5
nyiation H3K27me3, Polycomb-repressed regions 20 15 14 1:
* . M

H1 s a linker histone which binds o he DNA : .
linking two adjacent nucleosomal cores Based on htip://www.histone.com

and J. Nutr. 136:1763-1765



Histones
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Activating: e.g. H3Kdme3
Silencing: e.g. H3K9me3, H3K27me3



Histone H3 modifications

ALTERATIONS OF HISTONE H3 MODIFICATIOINS IN LIVER
DURING METHYL DEFICIENCY

H3IKS9me3
o — — —— — — — — — H3IK9me?2
H3IK9me1

H3KSac
H3S10ph
H3

X EERERERRE

. ©

IKQTARKSTGGKAPRKQLATKAA SAPATGGVKKP-...-C

Iinterplay between H3K9me3. H3K9Ac. and H3S10ph



Epigenetic regulation

- ) ) _ Acetylation
Di-methylation Trn-methylation
DNA Reprassion - - -_
H3K4 Activation Activation Activation -
Hislone
H3KO Activation Repression Repression Aclivaton
H3KZ27 Activation Repression Reprassion -
H3IK36 -- Repair Actvation Activation
Actvation
H3IK79 Activation Acdlivaton -—
SR Repression
H3R17 - Activation - -—
H4KS — - - Activaton
HAKS - - - Lcliivaton
H4K12 = - - Aclivation
H4K16 — - -- Activaton
HAKZ0 Activation Acdtivation Reprassion -
H4K16 - -- -- Activation




Single cell epigenomics

SINGLE CELL EPIGENOMICS

Identify open and dosed chromatin

Single cells isolated from

Blood Identify cell-specific transcription factors

Breast milk

x?'ated cells Si_ngle Ce_ll Determine nucleosome position
Epigenomics

Oral swab ) . _

Pancreatic fluid st rmg st

Saliva

Skin

Tissue

Urine Implications of single cell epigenomics

Risk Assessment to identify high-risk individuals
Diagnosis

1

1. Methylation profiling 5

2. Histone modifications Prognosis

3. miRNA profiling Screening

4. Chromatin Accessibility Follow up treatment and co-morbidty




Histone modifications

20 Diagnosing Cancer Using
Histone Modification Analysis

Mukesh Verrmma and Deepak Kumar
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Epigenetic changes
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Epigenetic drugs
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Exfoliated cells

DNA-Based Cancer Diagnostics

Exfoliated Cells are Good Source of DNA
to Study Epidemiology

CANCER DIAGNOSIS,
RISK orzb;gré?l(ow PREDICTION &
ASSESSMENT PROGNOSIS

PREDISPOSITION DYSPLASIA CARCINOMA




Tumors and epigenetics

Tumor Types
and Genes
Regulated
by
Epigenetic
Mechanism
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Histone enzymes

Calegcey

Cavaegary

Sirtuins are a grouwp of

ceacetylase
and antl apoplots
Innbison propertes

Rev. Hemutod Omecl 60 918,
Verres et ol (2005) Mol Disg
Thesapy . 1Ox 1-15



Epigenetic drugs

Target
DA hethyation

Histone deacetmass
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orotal Saare 320 30T

Drug

5-Lzacyidine
5-0z3-2'deoxactidine
FCOR

Zebulanine

Procainamide
EGCG

Psamaplin 4

Antisense Oligomers

Phenyibutwic acid

SAHA, Eteroamrlidshyinamc

eddior Uorinostet
Depsipeptide
Valproic 8 cid

Chnical Tnal
Phase [41A]
Phase [41A]
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Methylation and acetylation enzymes




HDAC inhibitors

- HDAC inhibitors are a novel class of anticancer drugs
that mainly leads to an accumulation of acetylated
proteins

Thereby inducing

- Cell cycle arrest

- Differentiation

- Migration

- apoptosis in cancer and transformed cells

- Few HDAC inhibitors act as radiation-sensitizing drugs
resulting in better radiation therapy (head and neck
cancer) responsiveness

HDAC 1, 2, 3, 8, 11 have been characterized (Khan, | , 2007)




Phase | study

Phase | study of epigenetic modulation with S5-azacytidine

and valproic acid in patients with advanced cancers.

Braiteh F, Sofdano AQ, Garcia-Manero G, Hong D, Johnson MM, Silva Lde P, Yang H,  Alexander S, Wollf J, Kurzrock R.
Clin Cancer Res. 14(19).6296-301. (colaorecial cancer, melanoma and breasl cancer)

S Azacytidine * The maximum tolerated dose was
S.C. asily for 10 cays ; 75 mg/m(2) of 5-AZA in combination
- — Pasiphera b.'°°d with valproic acid.
= Pyroseqguencing
Valproic Acid S +» Dose-limiting toxicities were
Orally dadly to Strate neutropenic fever and thrombocytopenia,
75-100
1o 75-100 wgimi mifomm which occurred at a dose of 94 mg/m(2)
. ‘ of 5-AZA.
28 Days Cydle
» Stable disease lasting 4 to 12 months

{median, 6 months) was
T — observed in 14 patients (25%).
Advanced cancer
| Medan age 60 |
A significant decrease in global DNA methylation and induction of histone acetylation

were observed.

The combination of 5-AZA and valproic acid is safe at doses up to 75 mg/m(2)
for 5-AZA in patients with advanced malignancies.




5-azacytidine, valproic acid and ATRA

Safety and clinical activity of the combination of 5-azacvtidine,
valproic acid, and all-trans retinoic acid in acute myveloid
leukemia and mvelodysplastic syndrome.

Soriano et al. Blood. 110(7):2302-8.

- Combination of S5-azacitidine (5-AZA), valproic acid (VPA), and
ATRA in patients with acute myeloid leukemia or high-risk

myelodysplastic syndrome.

= A total of 53 patients were treated.
= The overall response rate was 42%.

= A significant decrease in global DNA methylation and induction of histone
acetylation were achieved.

= VPA blood levels were higher in responders.
= The combination studied is safe and has significant clinical activity.

This clinical trial was registered at www.clinicaltrials.gov as no. NCT00326170.



Histone inhibitors

Histone Inhibitors in Clinical Trials (Clinicaltrials.gov)

STUDY

Safety Study of the Histone Deacetylase Inbibitor, CHR-3996, iz Patsets Witk .-um

Phase II Stady of Histone-Deacetylase Inkibitor ITF2357 im Refractory/Ralapsed Lymph oc Leukem:a

phll Stady of an HDAC Izhibator in Very High-Risk Relapsed Refractory Hods

Phase ITA Study of the HDAC Inhibitor ITEF2357 = Pasexts With JAK-2 V617F Positive Chromic Myeloprolifarative
Diseases

Hodgkiz's Lymphom2 Patsats

e g, v omizostat (SAFA) Wb Capacitabane (Welods) Using 2 New Weekly Dose Regimen for Advazced

e

Rocrusting Stady of Vorninostat (MEOSES), an EDAC Inkbitor, in Combanation With Sortezomuib iz Patients Witk Relapsed or
Refractory Maulople Mysloma

Completed A Phase I Study of Epigenetic Themape oo Oeprcome Chemotherapy Resistance = Refractory Solid Tumors

Rocruitins | Sorsfenit sod LEEES Aakigpstocellular Carcimoma (HED

Reocniting Phase II Stady of Valproic Acid Witk FEC100 for Patignts With Locally Advaxzced Breas: Cancer

Total : 84 studies

http://clinicaltrials.gov/ct2/results?term=histone+inhibitors&pg=4



Methylation inhibitors

Methylation Inhibitors in Clinical Trials {Clinicaltrials.gov)

£IAITE
Complatud
fothm Hot
Eocroting
P—

foctore Ho t
Eocroting
Focromtmg

Focrotimg
Eocroting
P—

Eocroting
Eocrotimg

Eocroting

Total : 51 studies Scharing-Plough (Dacitabina {5-aza- Daosycytading)
Trial for malanoma) (8 hes to inactreata DNNTT)
Fp driciTds coac2l o bs ar = ot dasor —rtibhoes BristobFhhrars Squibb [othar compounds)




Epigenetic inhibitors

FDA Approved Epigenetic Inhibitors

\JH ‘\IH

\

O
OH OH
S-Azacitidine Decitabine Valproic acid

’e O
N\n/\/\/\/u\N/OH
-
O

SAHA



Approved epigenetic drugs

FDA Approved
Epigenetic Drugs




Epigenetic drugs
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Combination therapy

AML subtypes and combination therapy

@ Pharmaceutical Participation

AML Subtype Drug | Compan

Tet2/WTI CD33 + Aza Bl
IDH2 Mutation Enasidenib Celgene
MLL Entospletinid (Syk inhibitor) Gilead
CBF Samalkzumab (CD200 Ab) + induction Alaxion
P53 mutation Entospletinib (Syk inhibitor) + Decitabine / Giead
Complex Karotype Entospletinid (Syk inhibitor) + Dodhblne/ Gilead
P53 mutation Pevonedistat (Nedd8 inhibitor) + Aza Takeda
Marker Negative CD33 + Aza BI
NPM1wFLTSIWT Entospletinid (Syk inhibitor) Gilead
FLT3 mutation Gilterttinib / Astellas
IDH1 Mutation lvosidenib + Aza Agios
Source Leukemia & Lymphoma Saciety

Cancer lellers 17 July 2018



Low doses of DNA-demethylating agents
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Cancer Cell

Transient Low Doses of DNA-Demethylating Agents
Exert Durable Antitumor Effects on Hematological
and Epithelial Tumor Cells
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Intervention

Potential Steps for Intervention

Smad4 (ch.18q21-18tel)

APC (ch.5g21)

A Model for Colorectal Tumorigenesis

Modified from Jobb et al J Park. 195: 111.



Microsatellite instability

CpG island methylator phenotype underlies sporadic
microsatellite instability and is tightly associated with BRAF
mutation in colorectal cancer
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Natwe Genelics 38 787 - 793



Tumor clusters

ldentification of tumor clusters.

AR coldaroctal GCancar Casaos

KRAS mutation indicated by a red rectangle overiaying the branch,
BRAF mutations indicated by a green rectangle
MSI-H cases designated with a blue rectangle. 48 Colorectal tumors

Natwe Genetics 38, 787 - 793



MSlI-low (MSI-L) (light bluc)
or microsatellite stable (MSS) (green)

MSI-high (MSI-H) (bluec),
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Methylation analysis

Prediction of Tumor Class based on
Methylation Analysis (AML and ALL)

AML :Acute Myeloid Leukemia
j] ‘L,- ALL: Acute Lymphoblastic Leukemia

National Cancer Institute

Adorjan &t al Nuc Ac Res. 30: e21



Epigenetic markers

Epigenetic Markers During Lung Cancer Progression

Annexin | and |l
pB3

RARbDeta, E——————
megetel Genes hypermethylated in individuals with

RASSF
smoking history:

CDKNZ2A, RSSF1A, ARH1, MGMT,
RARDeta

Steven Belinsky



Mesothelioma

Unsupervised clustering of average {beta} values in tumor and

nontumor pleura

ASBESTOS MESOTHELIOMA
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Christensen, B. C. et al. Cancer Res 2009,69:227-234

Epigenetic Profiles Distinguish Pleural Mesothelioma
from Normal Pleura and Predict Lung Asbestos
Burden and Clinical Outcome

803 cancer
relaled

158 pleural
mesothalioma
with minimum
mutation

18 normal

of survival

Cancer Research



Epigenetic pattern

Epigenetic Patterns in
the Progression of
Esophageal
Adenocarcinoma

Nonuw, | TOSUE
STOMACH | §|| TYPE
Govlve v

Cancer Research
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Cancer Progression

Risk factors

» Gastroesophaegeal
Reflex Disease (GEPD)

- Smoking

» Hihger Body Mass Index
(BMI) or obesity
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Esophageal cancer

Esophageal Cancer: Probability of Survival

<=50 Genes Methylated
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>S50 Genes Methylated

12 18
Months Since Surge

Brock el al. Clinical Cancer Ressaarch. ©: 2012



Pancreatic cancer

Pancreatic Cancer: Methylation of
P14ARF and p16INK4a

Pancreatic Carcinoma (PCA) : 39 19/39 p16INK4a
Chronic Pancreatitis (CP) : 16 0/16 p16INK4a

Normal Pancreatogram (NAD) : 6 0/6 p16INK4a
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Sample: Pancreatic Fluid

(Klump et al. Mol Cell Path 88: 217)




romatin states

Distinct chromatin states of
human PDAC

NATURE COMMUNICATIONS | (2018) 91978
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Breast cancer

Breast Cancer Response to Tamoxifen Treatment by
ESR1 Methylation

Preinvasive lesions, often designated as “in situ” or
“intraepithelial neoplasia” falls in the domain of
prevention.

Ductal carcinoma in situ (DCIS) lesions, detected in
screening are generally treated aggressively, although
all DCIS do not lead to breast cancer (over treatment).

Methylation profiling of DCIS lesions can distinguish
aggressive from indolent DCIS.

Widschwendter et al. Cancer Research 4, 3807




Methylated genes

CDKN2A

—
Genes Methylated in Oral Cancer

CDH1

MGMT /
DAPK1 /

P14 ARF

CDKN2B /

RARB

RASSF1 -
MLH1 2
FHIT /.
TP/73 ’

SERPINBS
DBC1

DCC




Immune system and epigenetics

Immune System and Epigenetics

Shin HJ et al
Links STAT4 expression in human T cells is regulated by DNA methylation but not by

hism.
J Immunol. 175(11): 7 143-50.

Espinoza CR, Feaneay AJ.
The extent of histone acetylation correlates with the differential rearrangement frequency

of individual VH genes in pro-B celis.
J Immunol. 175(10):6668-75.

Gasche JA, Holimann J, Boland CR, Goel A

Interleukin-6 promotes tumorigenesis by altering DNA methylation in oral cancer cells.
Int J Cancer. 2011 Sep 1,12(5):1053-63.

Fujisawa T, Joshi BH, Puri RK.
Histone modification enhances the effectiveness of IL-13 receptor targeted

immunotoxin in murine models of human pancreatic cancer.
J Transl Med. 2011 Apr 8,9:37.

Tahara T et al.
Association between IL-17A_ -17F and MIF polymorphisms predispose to CpG island

hyper-methylation in gastric cancer.
Int J Mol Med. 2010 Mar,25(3):471-7.




Biomarkers

Epigenomics Grants Predictive
Biosciences Rights to Use a Bio-

marker in a Prostate CancerTest (ol aBiaBadge i3 1-0 0 -1alez-1s

Epigenomics [www.epigenomics.com)
granted Predictive Biosciences (www.pre
dictivebiosci.com) a nonexclusive license
1o use its prostate cancer DNA methylation

biomarker, mGSTP1, for the development Se attle, WA, U.S. A_’ February 25

and commercialization of a laboratory test

to help in the diagnosis and management G (Frankfurt, Prime Standard: ECX),
of prostate cancer. The agreement follows agnostics company, today announced

a similar deal covering mGSTP1 signed

with Quest Diagnestics www.questdiag- ) @ Non-exclusive licensing agreement
nostics.com) in February 2009. m arker

Quest Diagnostics Incorpor: | |
Hurran Breast Cancer - Sgrulsor Fanw MeAH-011 $ 439

leading provider of diagnoOSt | oo s e - <o fue S g
- Muman Uver Cancer - Sooucurre Aaney MaA+-331 $ 259
Services. Human Lang Cancer - Sguatve Paoed Malp4-3481 $a239
Human Prostate Cancar - Spaunve Passy Mt 051 §a%0

Human Siem Call Transcription Faciors - Spaaies MaAM-511 $ a0

Human nfammatory Resporse - Spwrur Pared Man+-5321 $ 339

Humaa T Cell Activalion - Sgrataw Parel $ 339

Humaa Oytoldne Production - Sguatee Faowi PAmAse-541 S &9

nJue

ug detoxification enzyme which

® Myt Frofed FUR 2y am savlohie w Sagrature




Bladder cancer methylation

Bladder Cancer

e

Methylation of LAMC2 in Exfoliated Cells
* Isolated from Urine
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CpG island hypermethylation

Clustering of Sample Type by
CpG Island Hypermethylation
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Cluster Analysis of 365 Human Samples with S0 DNA Methylation Markers




Diet and cancer

DIET AND CANCER: FOCUS ON PREVENT ION

Cancer is principally causcd by ecnviccnmental
factors, of which the mast important arc tobacco
dict and factors rclated to dict, including body
mass and physical activity, and cxposures in the

workplace and clacwhere.

Botweoon 20% and 40% of cancor casces

throughout the worlkd arce preventable by fecasible

dictary mcans.

- Understanding the determinants of the carliest
dcetectable phenotypes in intiated cclls

- Uncovering the mokecular mechanisms of action
of dictary nutricnts Icading to cancoer formation

and provention

- Dcfining cffects of dictary compounds not only
on canceroeells but on normal and prencoplastic

oclls

- Datermining factors that can modulate offect of
a- Pag- oy dict




Methyl deficiency

METHYL-DEFICIENT MODEL OF ENDOGENOUS
HEPATOCARCINOGENESIS

Chronic deficiency s the methyd donges methioninge ohaline, folic acid
and vilamin 8,

Ne SX0NN0UE CAICNOQen S330d
No oenelic mgrigyulation

Hopatocailsiar carcimoma In 1496 month= In male rats and coartain
mouse sirelns

Sequonce of patho leg cal <hanes sl 10 B Savelogment of
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Anticancer phytochemicals

ANTICANCER PHYTOCHEMICALS
(Representative chemopreventive phytochemicals and
their dietary sources)
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Epigenetic foods
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Research opportunities

Research Opportunities and Challenges

Will inclusion of epigenetic markers help in identification of new risk

factors (modifiable factors and host factors) in different races and ethnic
groups?

Will epigenetic markers in cohort and case-control studies improve
sensitivity and specificity of markers and help in identifying high-risk
populations?

Are genetic and epigenetic events correlated during cancer
development?

Are there race/ethnicity specific miRNAs and noncoding RNAs?

How can we use this information for better define cancer subcategories?

How can we overcome EWAS technical challenges?




Research challenges
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Research Opportunities and Challenges

Can we predict cancer recurrence or secondary cancer development
based on epigenetics marks (or in combination with other ocmics marks)?

Why is it difficult to harmonize epigeneltic data with other omics data
sets?

Is there a window of susceptibility of exposure? How can we develop
epigenetic approaches to intervene?

How to avoid activity of DNMT and HDAC inhibitors on normal cell
functions?

What is the role of non-histone proteins in gene regulation?

How to target cancer stem cells using epigenetlic approaches?

How much microbiome-specific metabolites can affect epigenetic
regulation? How effective are probioctics in cancer prevention?




How to address challenges

e

How are we addressing these challenges?
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Personalized medicine
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Epigenetic Resaarch in Cancer Epidemiology: Trends,
Opportunities, and Challenges
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Epigenetics roadmap

I Epigenetics Roa dmapl

Cummulative Roadmap Epigenomics Program
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The International Human Epigenome
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achieve aone common goal:
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Common fund

Common fund data ecosystem

An online portal that will allow researchers to access and work across

rmultiple Common Fund program data sets within a digital cloud
environment.

Follow FAIR principles

F = Findahle
A = Accessihle

| = Interoperabhle
R = Reusable

commonfind.nh.gowdaecoaysem




ommon fund programs

Common Fund Programs — FY19 NIH %
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CFDE projects

Status of CFDE Project activities NIH )

e Cormyrmon Foandd

* Funded the CFDE Coordinating Center (Owen White, PI)

* The CFDE Coordinating Center had "Deep Dive" in-person visits to 8 Common Fund DCCs.
» Kids First
« GTEx
* HMP
* LINCS
= SPARC
* MoTrPAC
* HuUBMAP
* 4D Nucleome
* Metabolomics (Nov)

* Plan to evaluate "success” of the CFDE both impact on CF Programs and project process.
* Fund the next set of CFDE activities, such as addressing data storage and single-sign on.
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Epigenetic approaches

EPIGENETIC APPROACHES IN CANCER CONTROL
AND TREATNMENT

I i

Mukesh Yerma, Ph.D.
Chief, Methods and Technologies BEranch
Program Director,
Epidemiology and Genomics Research Program
DCCPS,NCI, NIH



