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Big science at the table Time for the epigenome

The complexity of genetic regulation is one of the great wonders of nature, but it represents a daunting
challenge tounravel. The International Human Epigenome Consortium is an appropriate response.

Phytochemicals and diet in health & disease:
epigenetic friends or foe?
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Nutrition & cancer-inflammation: the good
and the bad

Can anti-inflammatory effects of
phytochemicals explain their potential anti-
cancer effects?

Can epigenetic effects of phytochemicals
explain their potential anti-cancer effects



1. Nutrition & cancer-inflammation: the bad news

Increased cancer risk in developed regions

Adults in Morth Amernica, Alaska, Australia and parts of Eurcpe have a higher risk of gefting cancer
before age 65. i

The probability of developing a cancer before age 63, 2002
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1. Nutrition & cancer-inflammation: the bad news

" GLOBAL THREAT |

WAITING AREA —
Disease / condition Influence of diet, % : 1 g
Cardiovascular > 30 t_%
Cancers > 35 §
Constipation > 70
Obesity > 50
Diabetes type 2 > 25
Dental caries > 30

Table 1. Estimated influence of diet on specific diseases




1. Nutrition & cancer: the good news?

Differences in cancer incidence related to diet preference?

USA India Japan
Cancer Cases Deaths Cases Deaths Cases Deaths
Oral cavity 50 11 102 60 29 12
Nasopharynx 4 2 4 3 3 2
Other Pharynx 19 9 S7 42 10 T
Oesophagus < | 31 63 o9 58 43
Stomach 56 34 43 39 489 225
Colon/Rectum 356 139 40 26 342 143
Liver 30 31 17 16 186 146
Pancreas T2 68 11 11 76 71
Larynx 33 11 35 22 17 S5
Lung 463 402 95 51 262 214
Melanoma of skin 113 21 3 1 3 2
Breast 914 212 191 a9 314 TT
Cervix uteri T8 33 307 174 111 30
Corpus uteri 155 20 17 5 45 13
Ovary etc. 106 62 49 29 66 37
Prostate 1043 179 46 28 111 55
Testis 40 2 6 3 13 2
Bladder 144 28 20 16 56 17
Kidney etc. 86 31 6 42 19
Brain, nervous system 54 37 21 16 24 9
Thyroid 46 3 14 4 | S5
Non-Hodgkin lymphoma 135 29 24 19 58 30
Hodgkin's disease 22 4 8 4 3 1
Multiple myeloma 35 rd 8 6 16 12
Leukemia 80 54 26 20 48 34
All sites but skin 3223 1391 1017 688 2230 1213

Showrng cases were after standardized with world standard popuw/aton, called Workld Samdardiced incidence
or mortality rate. [t is also expressed per million. i Fertay, stel GLOBOCAN 2000. LAY : httpctsww-dep laro fr'globocangiobonan. fetm



2. Can anti-inflammatory effects of phytochemicals
explain their potential anti-cancer effects

NFkB, AP1 An inflammatory NFkB, Stat3
MMP, ||_6, COX?2 microenvironment ||_6,||_8
Tissue invasion MCP1
& metastasis COX?2
NFkB
Al /Bﬂ Evasion of Insensitivity to NFkB, |°53
A20 apoptosis growth inhibitors p21
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BclXI
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NFkB, AP1 angiogenesis growth signals
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NATURE|Vol 457|1January 2009



2. Can anti-inflammatory effects of phytochemicals
explain their potential anti-cancer effects

~ Chronic inflammation promotes tumorinitiation-progression, angiogenesis and metastasis
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2. Can anti-inflammatory effects of phytochemicals explain their
potential anti-cancer effects

Curr Opin Pharmacol. 2009 Aug;?(4):347-50
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Hypothesis: Various dietary phytochemicals lower basal inflammatory state



2. Can anti-inflammatory effects of phytochemicals
explain their potential anti-cancer effects

Plant derived NFkB inhibitors attenuate cancer hallmarks in vitro in concentration range >10uM ....
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Natural products can inhibit
NFkB activity at various levels:
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Qutline

Nutrition & cancer: the good and the bad

Can anti-inflammatory effects of phytochemicals
explain their potential anti-cancer effects?

Problem: various anti-inflammatory mechanisms are
demonstrated at supraphysiological concentrations >10uM

Can epigenetic effects of phytochemicals explain their
potential anti-cancer effects

Conclusions



Qutline

Nutrition & cancer: the good and the bad

Can anti-inflammatory effects of phytochemicals
explain their potential anti-cancer effects?

Can epigenetic effects of phytochemicals explain their
potential anti-cancer effects?

Epigenetics definition: Heritable changes in phenotype and/or
gene expression that occur without a change in DNA sequence
Heritable: transgenerational, mitotic stable,
perpetuation of gene activity in absence of the original signal




3. Can epigenetic effects of phytochemicals explain their

potential anti-cancer effects
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'Department of Biological Chemistry and Molecular Pharmacology, Harvard Medical School, Boston, MA 02115, USA

*Correspondence: kevin@hms.harvard.edu
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MicroRNA-Dependent Regulation of DNA
Methyltransferase-1 and Tumor Suppressor Gene
Expression by Interleukin-6 in Human Malignant

Cholangiocytes

Chiara Braconi, Nianyuan Huang, and Tushar Patel



3. Can epigenetic effects of phytochemicals explain their
potential anti-cancer effects 2 i
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3. Can epigenetic effects of phytochemicals explain their

potential anti-cancer effects

Epigenetic dogma of cancer

Global hypomethylation

H-ras H-ras mutation p53
mutation duplication mutation
Normal skin Papilloma Epidermoid carcinoma Fusocellular carcinoma
Clonal Malignant
expansion progression

SmC

CpG-island methylation

Altered histone modification pattern

Figure 1. Epigenetic Alterations in Tumor Progression.

A multistage model of carcinogenesis in skin is shown. In conjunction with phenotypic cellular changes and the accumulation of genetic
defects, there is a progressive loss of total DNA methylation content, an increased frequency of hypermethylated CpG islands, and an
increased histone-modification imbalance in the development of the disease. H-ras denotes Harvey-ras oncogene, and 5mC 5-methyl-
cytosine.

Hypermethylation of tumor suppressor genes

_,C Normal cell
I

il R
%J—'%’n_l |_Repetitive element |

Cancer cell
19 t 999 ¢
%‘J—'ﬁn_l | Repetitive element |

Figure 2. DNA methylation pattern in normal and cancer cells. CpG
islands are protected from methylation in normal cells. CpG sites away from
transcription start sites and in repetitive elements are typically methylated. The
situation gets reversed in cancer resulting in focal hypermethylation and global
hypomethylation. CpG islands flanking start sites of some genes may become
methylated. Intragenic CpG sites and repeats are become unmethylated. Green
lollipops show unmethylated, red lollipops methylated CpG sites.




3. Can epigenetic effects of phytochemicals explain their
potential anti-cancer effects - key experiments

Agouti model: R. Waterland and R. Jirtle

Germ cells carry the epigenetic benefits of
grandmother’s diet

Craig A. Cooney*
Department of Biochemistry and Molecular Biology, University of Arkansas for Medical Sciences, Little Rock, AR 72205

The Facebook Movie:

Maternal Supplements | E
With Genistein
Zinc methionine
Betaine choline, How the
Folate By, first pine
ha
Lower risk of cancer, of your life

The new science

diabetes, obesity, CVD Jf ===~
and prolonged life




FOR MOF August, 2003
Volume 23
T LA

Folate and B12 have
transgenerational effect on
|decreased expression of the|
agoutigene

Rob Waterland and Randy Jirtle

i

Agouti mouse model : Soy diet induces transgenerational changes in DNA methylation
which protect 2 unexposed generations to obesity & cancer

Mother - 1st generation
Fetus - 2nd generation

Reproductive cells - 3rd generation

R\

L -
Half of your DNA has been exposed to the environmental conditions
in the uterus of your maternal grandmother




3. Can epigenetic effects of phytochemicals explain their

potential anti-cancer effects - key experiments

Timing of dietary exposure maybe critical to achieve chemopreventive effects

Eplgenetic events
during development

Enviromental
cues that affect
the eplgenome

..fertilization

Just after embryo formation,
methyl groups are stripped
from the paternal DNA and
methylation is reset for

development.

..fetal development

Genome-wide demethylation
occurs again during the
development of primordial
sex cells (sperm or eggs)

in the fetus.

Establishment of

Erasure of parental

Cell lineage-specific

..perinatal development?

Before and after birth, diet
and stress may contribute to
further demethylation of
genes, which may influence

behaviour.

Some evidence (twin studies)

imprinting methylation (except methylation for ‘epigenatic drift’
l imprinting) in mature organism
| Gametogenesis Conception Birth Weaning Growth Maturation
= Endocrine disruptors = Nutrition = Uteroplacental insufficiency | | = Nutrition

= Nutrition?

= |VF conditions

= Mutrition
= Maternal stress?

= Maternal behavior

Reproduction :@

Figure 2 | Environmental sensitivity of the epigenome throughout life. The top row indicates normal reprogramming of the epigenome during
gametogenesis, fertilization and development. The bottom row indicates the environmental cues that affect the epigenome and have late-life
consequences, and the stages of life at which they act. Sensitivity of the epigenome to the environment (represented by shading of the arrow)
is likely to decrease during life as growth slows. Abbreviation: IVF, in vitro fertilization.



3. Can epigenetic effects of phytochemicals explain their
potential anti-cancer effects - key experiments
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A Role for Epigenetic Mechanisms
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Developmental origins of health and disease:
reducing the burden of chronic disease in the next
generation

Peter D Gluckman™® Mark A Harson® and Murray D Mitchel [




3. Can epigenetic effects of phytochemicals explain their
potential anti-cancer effects?
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3. Can epigenetic effects of phytochemicals explain their

potential anti-cancer effects?

Nutrlents
and

Epigenetics

5 Edited by
Sang-Woon Choi

Simonetta Friso

CRC Press

S Trytor & Feancin Growp

FOOD CHEMICAL EPIGENETIC ROLE

Sesame Seeds Methionine Methylates DNA (gene silencing)
Nuts Folic Acid Methylates DNA (gene silencing)
Sunflower Seeds Folic Acid Methylates DNA (gene silencing)
Peppers Methionine Methylates DNA (gene silencing)
Spinach and Other Leafy Vegetables Methionine and Folic Acid Methylates DNA (gene silencing)
Broccoli Sulphoraphane Acetylates Histones (activating genes)
Other Vegetables Vitamin B6 Methylates DNA (gene silencing)

Garlic Diallylsulphide (DADS) Acetylates Histones (activating genes)
Soy or Soy Products Choline, Genistein Methylates DNA (gene silencing)
Milk Vitamin B12 Methylates DNA (gene silencing)
Bakers Yeast Folic Acid Methylates DNA (gene silencing)
Whole Grain Products Vitamin B6 Methylates DNA (gene silencing)
Fish Methionine Methylates DNA (gene silencing)
Shellfish Vitamin B12 Methylates DNA (gene silencing)
Beef Vitamin B12 Methylates DNA (gene silencing)
Veal Choline Methylates DNA (gene silencing)
Chicken Choline Methylates DNA (gene silencing)
Liver Folic Acid Methylates DNA (gene silencing)
Egg Yolk Choline Methylates DNA (gene silencing)

Maternal nutrient supplementation counteracts
bisphenol A-induced DNA hypomethylation
in early development

Dana C. Dolinoy***, Dale Huang*, and Randy L. Jirtle*t*5

*Department of Radiation Oncology and *University Program in Genetics and Genomics, Duke University, Durham, NC 27710; and
TIntegrated Toxicology and Environmental Health Program, Duke University, Durham, NC 27708

Edited by R. Michael Roberts, University of Missouri, Columbia, MO, and approved June 25, 2007 (received for review April 23, 2007)



3. Can epigenetic effects of phytochemicals explain their
potential anti-cancer effects? A case study

- Withaferin A inhibits inflammatory gene expressionin MDA-MB231 breast cancer cells in [nM] range
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3. Can epigenetic effects of phytochemicals explain their
potential anti-cancer effects? A case study

~ Withaferin A blocks breast cancer metastasis in vivo in nM range
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Relative mRNA IL6/HKG

3. Can epigenetic effects of phytochemicals explain their

potential anti-cancer effects?¢ A case study

Differential IL6 gene expression in weak versus strong metastatic breast cancer cell types

1500
1000
500
MCFT MDOAMEBEZ231  MDAMBASE T470 ZRTS
B MCF7
0051 2 3 4 6 8 12
IL6 . -
GAPDH

ERa-positive, low metastatic,
Weak IL6 gene expression levels
MCF7, T47D, ZR7 5

ERa-negative, strong metastatic, aggressive

Strong IL6 gene expression levels
MDA-MB231, MDA-MB468

MDA-MB231

0051 2 3 4 6 8 12

ILE e e GDEDEDEDES oo 80

GAPDH o oo a0 o0 oo oo oo 48 o



3. Can epigenetic effects of phytochemicals explain their

potential anti-cancer effects? A case study

EMBO J 2003, 2009
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Phytochemical effects on histone modifier enzymes selectively

affects specific NFKB target genes



3. Can epigenetic effects of phytochemicals explain their
potential anti-cancer effects? A case study

Oncogene chromatin opening involved in breast cancer metastasis
Experimental Design : Nucleosome Position DNase

Indirect End-Labeling Technique
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b Unique RE
MCB 2009 Ndlovu et al.



3. Can epigenetic effects of phytochemicals explain their
potential anti-cancer effects? A case study
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3. Can epigenetic effects of phytochemicals explain their
potential anti-cancer effects? A case study

Reverse oncogenic gene expression by increased DNA methylation via dietary compounds ¢
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3. Can epigenetic effects of phytochemicals explain their
potential anti-cancer effects? A case study

~ MBD2 seq based profiling of the cancer methylome/immune cell methylome

Principle MBD2 sequencing: DNA methylation

Signature is cell specific

Add fragmented dsDNA to beads
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3. Can epigenetic effects of phytochemicals explain their
potential anti-cancer effects? A case study

- Complexity of methylation dynamics
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3. Can epigenetic effects of phytochemicals explain their
potential anti-cancer effects? A case study

Dietary effects on methylation signature in breast cancer
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3. Can epigenetic effects of phytochemicals explain their
potential anti-cancer effects? A case study

Possible mechanisms of diet dependent DNA (de)methylation dynamics
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3. Can epigenetic effects of phytochemicals explain their
potential anti-cancer effects? A case study

Is epigenetic drift a consequence of aerobic life?

SAM SAH
NH, DNMT NH,
1,3a,3b
NF | NF | cH,
OJ\N OJ\N
| NH, |
dR dR
N CH,OH
| 2-0G
Oxidative J\ Tet1 O,
Demethylation? © N Fe(ll)
Novel / |
. . Succ
Epigenetic dR co
Mark?

ANTIOXIDANTS & REDOX SIGNALING
Volume 15, Number 2, 2011

© Mary Ann Liebert, Inc.

DOI: 10.1089/ars.2010.3492

CoMPREHENSIVE INVITED REVIEW

The Redox Basis of Epigenetic Modifications:
From Mechanisms to Functional Consequences
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3. Can epigenetic effects of phytochemicals explain their
potential anti-cancer effects? A case study

Xenohormesis: interspecies epigenetic stress response
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Conclusions

Epigenetic reprogramming of the cancer-immunomethylome
may contribute in chemopreventive effects of early life exposure
to physiological concentrations of dietary phytochemicals

Future:

Study methylation dynamics (turnover) in function of age (pregnant, neonatal,
puberty, old) or single /repeated exposure

Compare methylation dynamics following exposure to dietary polyphenols
versus bisphenols: rationale for benefecial /detrimental effects in cancer?

Study crosstalk metabolic pathways vs. dynamics DNA
methylation /hydroxymethylation, histone methylation
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Questions?
—

If they ask you anything you don’t know, just
just say it's due to epigenetics.



