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Trans-HHS Workshop:
Diet, DNA Methylation Processes and Health

Diet, Methyl Donors and DNA Methylation: Interactions between Dietary
Folate, Methionine and Choline’-?

Mihai D. Niculescu and Steven H. Zeisel®

Department of Nutrition, School of Public Health, School of Medicine, University of North Carolina,
Chapel Hill, NC 27599-7400
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Epigenetic Transgenerational
Actions of Endocrine Disruptors
and Male Fertility

Matthew D. Anway, Andrea S. Cupp,” Mehmet Uzumcu,}
Michael K. Skinner:

Transgenerational effects of environmental toxins require either a chromosomal
or epigenetic alteration in the germ line. Transient exposure of a gestating fe-
male rat during the period of gonadal sex determination to the endocrine dis-
ruptors vinclozolin (an antiandrogenic compound) or methoxychlor (an
estrogenic compound) induced an adult phenotype in the F, generation of
decreased spermatogenic capacity (cell number and viability) and increased
incidence of male infertility. These effects were transferred through the male
germ line to nearly all males of all subsequent generations examined (that is, F,
to F,). The effects on reproduction correlate with altered DNA methylation
patterns in the germ line. The ability of an environmental factor (for example,
endocrine disruptor) to reprogram the germ line and to promote a transgenera-
tional disease state has significant implications for evolutionary biology and
disease etiology.




DEVELOPMENTAL BIOLOGY

Endocrine Disrupters Trigger Fertility
Problems in Multiple Generations

A fungicide and a pesticide, both already
known to be toxic to amimals, have revealed a
potentially even darker side: On page 1466,
researchers report that the two chemicals
cause fertility defects in male rats that are
passed down to nearly every male in subse-
quent generations. No other known toxin has
been shown to do that, according to the
study’s authors and other scientists. The star-
tling results seem to support the controversial
1dea that such hormonelike chemicals, known
as endocrine disrupters, could be causing
population-wide reproductive problems, such
as lowered sperm counts in men. But many
scientists caution against drawing conclu-
sions until other labs have confirmed the
unexpected findings.

malities in lab animals. Over the past 15
years, many scientists have come to think that
these endocrine disrupters are potentially
causing harmtul effects, such as cancer and
reproductive abnormalities, in humans, too.
It was already known that when pregnant
rats are treated with relatively high doses of
vinclozolin every day, their male offspring
are sterile, Gray notes. But Skinner and his
team found that when they injected vinclo-
zolin into the abdomens of pregnant rats dur-
ing a specific window of pregnancy—=8 to
| 5 days into gestation—they got a different
result. Although the offspring’s testes
appeared normal and the rodents could
reproduce, their sperm count dropped 20%
compared to control mice, their sperm motil-
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Metabolic disorders: Fathers' nutritional legacy

Michael K. Skinner

Matwre 467 , 922923 (21 October 20107 | doi10.1038/4679224
Fublished anline 20 Cctober 2010

A female can develop a diabetes-like disease due to a high fat content in her father's diet hefore
she was conceived. Epigenetic modifications of the father’s sperm DNA might underlie this
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Chronic high-fat diet in fathers programs p-cell
dysfunction in female rat offspring

Sheau-Fang Ng', Ruby C. Y. Lin®, D. Ross Laybutt’, Romain Barres®, Julie A. Owens” & Margaret J. Morris'

21 OCTOBER 2010 | VOL 467 | NATURE | 963




The Epigenetic Sins of the Father

ificant role in the chemical Chemotherapy, irradiation, and environmental toxins can cause
or drink the water. Aluminum DNA damage that, unless repaired, can be transmitted to the
f its abundance and toxicity. CONTINUED ON PAGE 1375

www.sciencemag.org SCIENCE WVOL 308 3 JUNE 2005
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Advancing Paternal Age and Autism

Abraham Reichenberg, PhD; Raz Gross, MD, MPH; Mark Weiser, MD;
Michealine B:(snahan PhD; Jeremy Silverman, PhD; Susan Hm!ap MBBS;
Jonathan Rabinowitz, PhD; Cory Shulman, PhD; Dolores Malaspina, MD;
Gad Lubin, MD; Haim Y. Knobler, MD;

Michael Davidson, MD; Ezra Susser, MD, DrPH




Results: There was a significant monotonic association
between advancing paternal age and risk of ASD. Oft-
spring of men 40 years or older were 5.75 times (95% con-
fidence interval, 2.65-12.46; P<<.001) more likely to have
ASD compared with offspring of men younger than 30 years,
atter controlling for year ot birth, socioeconomic status, and
maternal age. Advancing maternal age showed no associa-

tion with ASD after adjusting for paternal age. Sensitivity
analyses indicated that these findings were not the result
of bias due to missing data on maternal age.

Conclusions: Advanced paternal age was associated with
increased risk ot ASD. Possible biological mechanisms
include de novo mutations associated with advancing age
or alterations in genetic imprinting.
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THE FUNDAMENTAL ROLE OF
EPIGENETIC EVENTS IN CANCER

Peter A. Jones™ and Stephen B. Baylin®

Patterns of DNA methylation and chromatin structure are profoundly altered in neoplasia and
include gencme-wide losses of, and regional gains in, DNA methylation. The recent explosion in
our knowledge of how chromatin organization modulates gene transcription has further
highlighted the importance of epigenetic mechanisms in the inttiation and progression of human
cancer. These epigenetic changes — in particular, aberant promaoter hypemethylation that is
associated vath inappropriate gene silencing — affect virtually every step in tumaour progression.
In this review, we discuss these epigenetic events and the molecular alterations that might cause
them and/or underlie altered gene expression in cancer.
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REVIEW ARTICLE

MOLECULAR ORIGINS OF CANCER

Epigenetics in Cancer

Manel Esteller, M.D., Ph.D.
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Epigenetics in human disease and
prospects for epigenetic therapy

Gerda Egger, Gangning Liang, Ana Aparicio & Peter A. Jones

Departinents of Biochemistry and Molecular Biology and Urology, USC/Norris Comprehensive Cancer Center, Keck School of Medicine of the
University of Southern California, 1441 Eastlake Avenue, Room 8302L, Los Angeles, California 90089-92181, USA
(e-mail: jones_p@cent.hsc.uscedu)

Epigenetic mechanisms, which involve DNA and histone modifications, result in the heritable silencing of
genes without a change in their coding sequence. The study of human disease has focused on genetic
mechanisms, but disruption of the balance of epigenetic networks can cause several major pathologies,
including cancer, syndromes involving chromosomal instabilities, and mental retardation. The development
of new diagnostic tools might reveal other diseases that are caused by epigenetic alterations. Great potential
lies in the development of ‘epigenetic therapies’ — several inhibitors of enzymes controlling epigenetic
modifications, specifically DNA methyltransterases and histone deacetylases, have shown promising anti-
tumorigenic effects for some malignancies.
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Table 2 Epigenetic drugs

Clinical trials

Valproic acid Fhase /1]

EGCG, eplgalocatechin-3-gallate; FCDR, 5-fluoro-2 " -deoxyaytidineg; SAHA, suberoylanilide
hydrosamic acid.

Epigenetic therapy
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MECHANISMS OF DISEASE

Effect of In Utero and Early-Life Conditions

on Adult Health and Disease
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Epigenetics Aspects in Gyneacology and

Reproductive Medicine

Alexander Just and fohannes Huber

Abstract

Epigenetics regulates human genotypical activity throughout the entire lifecycle.
Preexisting schemes in our genome's methylization and acetvlization are modified
through interaction with our environment and nutrition. Because the genome is
not static, it is highly adaptable, allowing adjustment to the environment. Further,
pregnancy, birth and early childhood determine our lives themselves. Scientific
knowledge of epigenetics will influence different aspects in medicine care in the
future. Our intention is to describe some special facts in this field. Epigenelics
frees us of the theory ol a destiny that is predefined genetically. We have much
more responsibility for our own and cur descendants’ daily lives.

Epgenciics and Muman Health

Edited by Alexander G. Haslberger, Co-edited by Sabme Gressler
Copyright £ 2010 WILEY-WCH Verlag GmbH & Co. KGaA, Weinheim
[SBN: 978-3-5327-32427-9
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3. Institute of Medicine, National Academy of Sciences USA. Choline.
Dietary reference intakes for folate, thiamin, riboflavin, niacin, vitamin
B 12, panthothenic acid, biotin, and choline. Washington, DC: National
Academy Press, 1998:390-422,




11. Ozarda I, Uncu G, Ulus L. Free and phospholipid-bound choline concentrations in serum during

pregnancy, after deliver and in newborns. Arch Physiol Biochem 2002:110: ). [PubMed:
12530624]
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Maternal vitamin D intake during pregnancy is inversely associated with
asthma and allergic rhinitis in 5-year-old children

M. Erkkola®, M. Kalla B.l. Nwaru®, C. Krnnberg Kippild®, S. Ahonen’, ). Nevalainen’, R. Veijola”, J. Pekkanen!"**, J. llonen'’
0. Simell*%, M. Knip" *! and S. M. Virtanen'




Maternal vitamin D intake during pregnancy and early childhood
wheezing'™*

Graham Devereux, Augusto A Litonjua, Stephen W Turner, Leone CA Craig, Geraldine McNeill, Sheelagh Martindale,
Peter J Helms, Anthony Seaton, and Scott T Weiss

Am J Clin Nutr 2007:85:853-9.
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SRR e C PEDIATRIC ALLERGY AN
IMMUNOLOGY

Maternal diet during pregnancy and allergic
sensitization i the offspring by 5 yrs of age:
a prospective cohort study

Nwaru Bl, Ahonen §, Kaila M, Erkkola M, Haapala A-M, Kronberg-
Kippila C, Veijjola R, llonen J, Simell O, Knip M, Virtanen SM.
Maternal diet during pregnancy and allergic sensitization in the
offspring by 5 vrs of age: a prospective cohort study,

Pediatr Allergy Immunol 2010: 21: 29-37.

© 2009 John Wiley & Sons A/S
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ACTA NEUROLOGICA
SCANDINAVICA

Season of birth and multiple sclerosis 1n

Salzer J. Svenmingsson A, Sundstrém P. Season of birth and multuple
sclerosis m Sweden.
Acta Neurol Scand: 2010: 121: 20-23.
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Reversal of Maternal Programming of Stress Responses in
Adult Offspring through Methyl Supplementation: Altering
Epigenetic Marking Later in Life

lan C. G. Weaver,' Frances A. Champagne,' Shelley E. Brown,’ Sergiy Dymov,” Shakti Sharma,' Michael J. Meaney,'-
and Moshe Szyf2*

I Journal of Neurosoence, Noversber 23, 20005 - 2547011045 10054 - 17045




Human Molecular Genetics, 2009, Vol. 18, No. 20 3769-3778
doi:10.1093/hmg/ddp319
Advance Access published on July 15, 2009

DNA methylation and gene expression differences
in children conceived in vitro or in vivo

Sunita Katari'", Nahid Turan'", Marina Bibikova?, Oluwatoyin Erinle!, Raffi Chalian3,
Michael Foster?, John P. Gaughan?, Christos Coutifaris® and Carmen Sapienza'->*
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Effects of in utero odorant exposure on
neuroanatomical development of the

olfactory bulb and odour preferences
Josephine Todrank!?*, Giora Heth!> and Diego Restrepo!
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Mozarts Nachtmusik
lasst Friihchen gedeihen

Wenn Friihgeborene Musik von Mozart
horen, verbrennt ihr Kérper weniger Ener-
gie unter Ruhebedingungen, und sie entwi-
ckeln sich dadurch giinstiger. Israelische
Neonatologen vom Lis-Maternity-Kran-
kenhaus in Tel Aviv haben das herausge-
funden, indem sie den Energieverbrauch
von Frithgeborenen iiberpriiften. Die Ba-
bys waren nach der drei3igsten bis sechs-
unddreifligsten Schwangerschaftswoche
geboren worden. Sie wurden noch im Brut-
kasten versorgt, waren jedoch gesundheit-
lich stabil. Bereits nachdem die eine Grup-
pe zehn Minuten lang eine Baby-Mozart-
CD horte, sank deren Nahrstoff- und Sau-
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Review

Epigenetics, brain evolution and behaviour

b

Eric B. Keverne ., James P. Curley

* Sub-Department of Animal Behaviour, University of Cambridge, Madingley, Cambridge, CB23 844, UK
Y Department of Psvchology, Columbia University, New York, 10025, USA

Available online 10 March 2008




Die Heilkraft der Muskeln

Die beste Medizin fiir Psyche & Kaérper: Fitter, jiinger, gliicklicher




ARTICLE

S. E. Ozanne - C. B. Jensen - K. J. Tingey -
H. Storgaard - S. Madsbad - A. A. Vaag

Low birthweight is associated with specific changes in muscle
insulin-signalling protein expression

Received: 30 September 2004 / Accepted: 25 October 2004 / Published online: 24 February 2005
() Springer-Verlag 2005










Epigenetic regulation of the glucocorticoid receptor
In human brain associates with childhood abuse

Patrick O McGowan!-, Aya Sasaki'?, Ana C D’Alessio?, Sergiy Dymov?, Benoit Labonté!*, Moshe Szyf>,

Gustavo Turecki'* & Michael ] I"-"IE!HIIE}"]'E"S

VOLUME 12 | NUMBER 3 | MARCH 2009 NATURE NEUROSCIENCE




Low early-life social class leaves a biological residue
manifested by decreased glucocorticoid and increased
proinflammatory signaling

Gregory E. Miller2, Edith Chen3, Alexandra K. FokP<, Hope Walkera, Alvin Lim3, Erin F. Nicholls?, Steve Coled.ef,
and Michael 5. Kobor®c

14716-14721 | PNAS | August2s,2009 | vol. 106 | no. 34
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Diet and longevity in the balance

Thomas Flatt







