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Recent research on epigenetics, literally meaning above the gene, has led medical
professionals to query about how the environment impacts the developing baby
both in utero and throughout its lifetime. The genome is the genetic information
inherited from one's parents, but the epigenome is what deciphers the genome for
each cell throughout the body. This deciphering process is impacted by an
individual’s internal and external environment. The external environment can
include nutrition, chemicals, toxins, etc. The internal environment would include
neuropeptides (emotional molecules) and stress hormones. The environment
changes the proteins in the body that help the epigenome translate DNA. This
finding has increased awareness of the importance of nutrition on the epigenome.
Studies now are finding that the changes in the epigenome can influence not only
that individual but can be passed along to future progeny, sometimes multiple
generations out. The first nutrition for a human outside the womb is breastmilk, and
thus its epigenetic impact is particularly expansive. New research has expanded the
field of epigenetics to include breastmilk and how it potentially changes the
epigenome to affect the lifelong health of a baby.

Discovery of the Epigenome

For many years, it was believed that all the information the body ever needed to
develop and grow person happened the moment of conception. There was the union
that sparked a nucleus, a partnership of genetic information from the mother and
father. It was thought that the baby’s DNA contained all of the information it would
ever need. The genetic destiny was thought to be sealed, and what would be - from
the color her eyes to the manifesting of diseases - was all contained in the DNA
strands coiled in her cells. Little did we know that there are ghosts of our ancestors
lives present along the DNA. There are genetic memories of one’s grandparents’ and
parents’ stressors, emotions, and nutrition that change how DNA is expressed and
our environments continue to change the epigenome throughout our lives.

We are all a unique and yet ancestrally connected conglomeration of genetic
information that has been stored on our DNA and can potentially change throughout
our lifetime. Our most critical developmental period, one that will forever impact
how we grow, our personalities, and our long-term health, is the period from zero to
three years old. This is the time when our DNA is most receptive to epigenetic tags
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that mark our DNA and shift the way our organs develop and our propensity to
certain diseases. To understand how this all works, it is important to see how the
fledging field of epigenetics came to be.

In the early 1980s the project called the Human Genome Project was
conceived. The goal was to literally identify and map all of the genes in human DNA.
[t was believed that if scientists could identify where all of our genes were and what
they were linked to, there could have enormous strides in health care and disease
research. The US government funded the 3 billion dollar project and early planning
started in 1984, however it took until 1990 for the project to really gain momentum.
Initial estimates suspected the project would take 15 years, but the actual genetic
mapping research lasted from 1990 to 2003. Scientist from all over the world
participated in this project - including but not limited to the U.S., Japan, the United
Kingdom, France and Australia. The results are maintained in GenBank and are
publicly available?. At the beginning of the project, scientists estimated that the
human genome would contain about 100,000 genes. Surprisingly they found that
actually the human genome was not as complex even as the genome of plants. The
human genome only had about 20, 687 genes3. How could this be, how could human
be less complex than a plant? Consider the mapping of the simple nematode or
roundworm, C. elegans who has a sequenced of 20,470 protein-encoding genes,
approximately the same as in the human genome. Humans have to be more complex
genetically than a roundworm. Or do we?

This discovery led researcher to try and determine why it was that we could
have so few genes and yet such a complex array of phenotypes and health outcomes.
We essentially had a map with no key to understand how to read it. It was
discovered that the exact same genes caused completely different diseases, such as
in Prader Willi and Angelman syndromes. The same chromosomes caused different
outcomes in different people. How could one unique gene have different outcome?
It turns out that genes only make up about 2% of our genome, the rest is what used
to be called junk DNA. In fact, the 98% “junk” is what makes us the unique and
adaptable humans that we are. 20% of our junk DNA helps our genes turn on and
off, known as regulatory sequences. An organization called ENCODE, the
Encyclopedia of DNA Elements believes that 80% of our DNA is functional. The goal
of ENCODE is to build a comprehensive parts list of functional elements in the
human genome, including elements that act at the protein and RNA levels, and
regulatory elements that control cells and circumstances in which a gene is active.
An amazing part of our genome is the pseudogene, from our far away ancestry.
These genes are no longer active but they are remnants of our past lives. They tell us
what we used to be. Itis as if we all carry along a detailed ancient family tree
residing within our DNA. These pseudogenes contain information for furry pelts,
tails, large jaws and vitamin C production. We no longer use these parts of our
ancestral heritage, but the memories are there, like ghosts from our great, great,
great grandmothers.
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Francis Collins, the Director of the National Human Genome Research Institute said
of the genome map, "It's a history book - a narrative of the journey of our species
through time. It's a shop manual, with an incredibly detailed blueprint for building
every human cell. And it's a transformative textbook of medicine, with insights that
will give health care providers immense new powers to treat, prevent and cure
disease." However, this shop manual only began to tell the story. The true fiction
lies with the field of epigenetics and how our environments interact, change and
leave permanent memory marks on our DNA.

What is the Epigenome?

There are several ways in which our genetic expression can be influenced. It seems
as though every few months new epigenetic processes are discovered. Currently
researchers have discovered the following epigenetics processes: methylation,
acetylation, phosphorylation, ubiquitylation, and sumolyation. The most well known
and studied are methylation and acetylation. Methylation occurs when a methyl
group attaches to the cytosine base on the DNA strand. When this occurs, generally
(though not always) it silences that gene. DNA is packaged with proteins into tiny
collections called histones so that all the genetic information can fit into a dense
bundle inside each cell. When acetyl groups attach to the histones, they loosen
these bundles allowing more of the genetic information to be accessible for reading
by proteins, thus more genes can be expressed. This is known as acetylation.

The Epigenome and the Mcirobiome

The most critical period of development, in terms of the epigenome, is the period of
zero to age three for a human. The maternal environment during pregnancy and
then the baby’s first nutrition significantly impacts the epigenome. Many genes that
can be influenced by the epigenome have to do with human metabolism, hormone
production, and tissue sensitivity. We know that that many things can change the
epigenome, including whether the baby was born via the vagina or cesarean section.
The mode of delivery changes the bacteria that helps colonize the baby’s
microbiome, both inside and outside the body. The microbiome is the symbiotic and
pathogenic microorganisms that live within our body space. The first seeding of the
microbiome occurs in utero, but is strongly influenced during the delivery of the
baby and with the first feedings. The microbiome, which interacts and influences the
types of proteins and polysaccarides in the breastmilk, ultimately changes the
methyl and acetyl groups affecting DNA. The proteins (associated with being
breastmilk fed) ferment and create methyl groups in the infant. These methyls can
turn on or off certain genes. Thus breastmilk itself is a gene switch.

One important bacteria in our microbiome is that of Bifidobacterium, which
helps promote and support digestion. Babies who are fed artificial milk have a
completely different bacterial profile and pH in their guts. When formula fed, a
baby’s gut changes from an acidic base of 5.1-5.4 to an alkaline base of 5.9-7.3. This
change allows putrefying bacteria to take over and high levels of E coli, streptococci,
clostridia, and bacteriodes to take over. This changes the fermentation process in
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the gut and allows different levels of methyl and acetyl groups to be present, which
change the epigenetic outcomes for those babies. Essentially, being breastfed leads
to a healthy intestinal pH and microflora which leads to a healthy genomic
expression, whereas being formula fed leads to a pathogenic intestinal flora leading
to unhealthy epigenetic expression.

Epigenome Research

Research has now shown that the epigenome is not only modified and added
to during fetal and early life but our epigenetic tags are passed down through
generations. Animal research shows that some epigenetic tags stay in place up to 10
generations out. Researchers have been able to study epigenetic tags in humans up
to 60 years out. The longest generational health data studying the epigenome
involves the people who lived through the Dutch Hunger Winter and their
subsequent generations. The Honger Winter lasted from the start of November 1944
to the late spring of 1945. [t was a bitterly cold period in western Netherlands,
which was under German control. There was a German blockade that prevented
food deliveries to the Dutch population. The Dutch were trying to survive on only
30% of their normal daily calorie intake. People ate grass, tulip bulbs, and sawdust
in a desperate effort to stay alive. More than 20,000 people died by the time food
supplies were restored in May 1945. There were excellent records of the healthcare
at that time and as such, we can see that the impact this famine had on the people of
the Honger Winter and the babies conceived during that. Researchers have followed
the subsequent generations and studied the epigenetic impact of this disaster.
Depending on what stage of development the baby was in during the Honger
Winter, certain epigenetic influences were triggered. The Honger Winter babies
(and their subsequent offspring) were more like to have heart disease, diabetes, and
suffer from a wide variety of brain related challenges such as bipolar disease and
schizophrenia. These genetic tags have now effected several generations out.

A 2014 article by Verducci shows that many of the components in human
milk can change gene expression in the newborn baby via breastfeeding. For
example, lactoferrin affects immune disorders, prostaglandin ] impacts obesity,
Long Chained Polyunsaturated Fatty Acids and cholesterol impacts the risk of non-
alcoholic fatty liver disease and cholesterol issues, and oligosaccharides influence
Necrotizing Enterocolitis, immune disorders and obesity.

The epigenome is also responsible for priming the breast tissue between
pregnancies. When a woman becomes pregnant her ductal and glandular tissue
develops and proliferates. New research shows the mammary gland forms a long-
term memory of pregnancy that primes it to respond to the hormonal changes that
announce succeeding pregnancies (Dos Santos, 2014). The epigenetic memory lasts
throughout the mother’s reproductive years.

Another example of breastmilk effects on the epigenome was a recent study
showing that breastfeeding was negatively associated with methylation of the leptin
gene in very young children (Obermann-Borst, 2013). The hormone leptin,
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produced by fat cells, is responsible for the regulation of food intake and the
expression of energy regulating peptides. It is present in breast milk and when the
baby consumes milk the hormone passes across the still “leaky gut” and enters the
circulation, where it is biologically active. Milk leptin levels are inversely related to
the rate of infant weight gain and infants who consumed mother’s milk had higher
leptin levels at 1 month old and were found to be thinner at 2 years of age. Higher
leptin levels cause more satiety and less weight gain. When a baby is fed formula the
gene that makes leptin gets dampened down. The more a baby breastfeeds, the less
methylation or silencing of the leptin gene, meaning more leptin is produced.

Ozkan et al. proposed that breastfeeding from the same woman may lead to
consanguinity, or kinship, between individuals even with no blood relation, and that
children born of a marriage between two such individuals may then be at increased
risk of certain genetic diseases as a result of this consanguinity (Oksan, 2012). [t was
one of the first papers to address whether wet nursing and milk sharing could
potentially cause consanguinity? Why is this even a possibility? The researchers
suggest that there are three reasons - exosomes, stem cells, and mRNA in
breastmilk.

Human milk samples contain exosomes, which are tiny little particles that are
excreted by every cell, and are believed to provide cell-to-cell communication. They
contain everything necessary to change the behavior of neighboring cells, including
microRNAs. The communication that is happening between cells via exosomes is
genetically based. Therefore, if you are breastfeeding a child not your own or milk
sharing, you are sending your genetic exosomes which influence the behavior in the
cells of the baby receiving your milk.

Another way breastfeeding consanguinity can occur is via stem cells. Mothers and
babies experience a sharing of stem cells during pregnancy and breastfeeding called
microchimerism. The theory behind microchimerism is that these stem cells help
provide immune protection for the mother long term, long enough to keep her
around to care for the growing baby. During each breastfeeding a baby ingests
thousands to millions of stem cells that are unique to the mother.

The Kosaka et al. (2010) study confirms the high levels of microRNAs in breastmilk
in the first six months of lactation. A baby receives approximately 1.3 x 107
copies/liter/day of miR-181a. The research team believes these particular miRNA
are present to help modulate the immune system. This study suggests that this is
one additional way that humans can transfer genetic material other than through
sexual reproduction.

The epigenetic changes are not just related to the breastmilk itself, but also the act
of breastfeeding itself. The babies of mother rats who lick, groom and arch their
backs during breastfeeding to allow for more skin to skin and access to milk have a
more moderate stress response. Additionally the babies who have higher touch
mothers have epigenetic changes that influence the hippocampus development and
release of glucocorticoid receptor expression (Weaver, 2004). How we touch, hold,
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and practice skin to skin with our babies can change the epigenome, as well.
Weinstock (2015) showed that when mother rats were stressed out during
pregnancy, their babies had damage to the HPA axis in the brain, as well as
increased anxiety. If the prenatally stressed babies were then fostered and nurses
by non-stressed rats, their HPA axis was repaired and their anxiety decreased.

In Closing

Knowing how important a baby’s first food is to the health of the baby long term, it
is vital that healthcare professionals start to talk to families about all of their options
for accessing breastmilk in the event that a mother cannot breastmilk or provide
breastmilk to her baby. All mothers should be educated on the availability of
breastmilk from human milk banks. In France, one can access donor milk though the
European Milk Bank Association, EMBA. Additionally, it is also important to share
information with mothers who cannot access donor human milk on share milk
systems. They should be educated on how to access, as well as the risks and
potential benefit of share milk. Every mother has a right to make a decision to have
her baby completely human milk fed if she so chooses, especially considering this
new information regarding the importance of human milk and the epigenome.

Questions:

info@motherjourney.com

www.motherjourney.com

References/Bibliography:

e Alsaweed, M.; Hartmann, P.E.; Geddes, D.T.; Kakulas, F. MicroRNAs in
breastmilk and the lactating breast: Potential immunoprotectors and
developmental regulators for the infant and the mother. Int. J. Environ. Res.
Public. Health 2015, 12, 13981-14020.

e Alsaweed, M.; Lai, C.T.; Hartmann, P.E.; Geddes, D.T.; Kakulas, F. Human milk
miRNAs primarily originate from the mammary gland resulting in unique
miRNA profiles of fractionated milk. Sci. Rep. 2016, 6, 20680

* Bayol SA & Stickland NC. Maternal “junk food” diet and post-natal
development. Nova Acta Leopoldina. 2011; 382:21-26.

* Begum, G. etal,, A. Epigenetic changes in fetal hypothalamic energy
regulating pathways are associated with maternal undernutrition and
twinning. The FASEB Journal, 2012; 26 (4): 1694 DOI: 10.1096/1j.11-198762

* Bicking Kinsey, Cara, and Judith E. Hupcey. “STATE OF THE SCIENCE OF
MATERNAL-INFANT BONDING: A PRINCIPLE-BASED CONCEPT ANALYSIS.”
Midwifery 29.12 (2013): 10.1016/j.midw.2012.12.019. PMC. Web. 6 Oct.
2015.

* Black RE, Allen LH, Bhutta ZA, et al. Maternal and child undernutrition: global
and regional exposures and health consequences. Lancet.
2008;371(9608):243-260.

Laurel Wilson, BS, IBCLC, CLE, CLD, CCCE info@motherjourney.com



May not be copied without permission.

* Bogoch, Y, Biala, Y. N, Linial, M., and Weinstock, M. (2007). Anxiety induced
by prenatal stress is associated with suppression of hippocampal genes
involved in synaptic function. J. Neurochem. 101, 1018-1030. doi:
10.1111/j.1471-4159.2006.04402 x

* (Canani, R et al. Epigenetic mechanisms elicited by nutrition in early life.
Nutrition research reviews, 2011. 24; 198-205.

* Chung, et al. Role of Compensatory Mammary Growth in Epigenetic Control
of Gene Expression. FASEB Journal. Vol. 19. 2005

* Costandi, M. Microbes manipulate your mind. Scientific American Mind.
2012.23(3)

* Curley, James P., and Frances A. Champagne. "Influence of maternal care on
the developing brain: Mechanisms, temporal dynamics and sensitive
periods." Frontiers in neuroendocrinology 40 (2016): 52-66.

* DOHabD. International Society for the Developmental Origins of Health and
Disease. Available at http://www.mrc.soton. ac.uk/dohad/index.asp.
Accessed 14 January 2013.

* Dolinoy, Dana C,, et al. "Maternal genistein alters coat color and protects A vy
mouse offspring from obesity by modifying the fetal epigenome."
Environmental health perspectives (2006): 567-572.

* Doneray H, Orbak Z, Yildiz L: The relationship between breast milk leptin and
neonatal weight gain. Acta Paediatr. 98(4), 643-647 (2009).

* Dos Santos, Camila et al. An Epigenetic Memory of Pregnancy in the Mouse
Mammary Gland. Cell reports. May 7, 2015.

* Einstein, Francine. Challenges of Linking Early-Life Conditions and Disease
Susceptibility. Diabetes May 2012 61:981-982; doi:10.2337/db12-0087

* Fernandez L, et al. The human milk microbiota: Origin and potential roles in
health and disease. PharmacolRes (2012),
http://dx.doi.org/10.1016/j.phrs.2012.09.001

* Flannick, ] et al.Assessing the phenotypic effects in the general population of
rare variants in genes for a dominanat Mendelian form of diabetes. Nat
Genet. 2013.45(11): 1380-1385.

* Floris, L; Billard, H.; Boquien, C.Y.; Joram-Gauvard, E.; Simon, L.; Legrand, A.;
Boscher, C.; Roze, ].C.; Bolanos-Jimenez, F.; Kaeffer, B. miRNA analysis by
quantitative PCR in preterm human breast milk reveals daily fluctuations of
hsa-miR-16-5p. PLoS ONE 2015, 10, e0140488.

* Floris, llaria, Jamie D. Kraft, and Illimar Altosaar. "Roles of MicroRNA across
Prenatal and Postnatal Periods." International Journal of Molecular Sciences
17.12 (2016).

* Gomez-Gallego, Carlos, et al. "The human milk microbiome and factors
influencing its composition and activity." Seminars in Fetal and Neonatal
Medicine. Vol. 21. No. 6. WB Saunders, 2016.

* Gluckman PD, Hanson MA. Living with the past: evolution, development and
patterns of disease. Science 2004;305:1733-6.

Laurel Wilson, BS, IBCLC, CLE, CLD, CCCE info@motherjourney.com



May not be copied without permission.

* Huang, Li-Tung. "Early-life stress impacts the developing hippocampus and
primes seizure occurrence: cellular, molecular, and epigenetic mechanisms."
Frontiers in molecular neuroscience 7 (2014): 8.

* Ilcol YO, Hizli ZB, Ozkan T: Leptin concentration in breast milk and its
relationship to duration of lactation and hormonal status. Int. Breastfeed . 1,
21(2006).

¢ Karlsson, Oskar, et al. "Detection of long non-coding RNAs in human
breastmilk extracellular vesicles: Implications for early child development.”
Epigenetics 11.10 (2016): 721-729.

* Kelly, John R,, et al. "Transferring the blues: Depression-associated gut
microbiota induces neurobehavioural changes in the rat." Journal of
Psychiatric Research 82 (2016): 109-118.

* Kosaka et al.: microRNA as a new immune-regulatory agent in breast milk.
Silence, 2010,1:7.

* Kuzawa, C. W. and Sweet, E. (2009), Epigenetics and the embodiment of race:
Developmental origins of US racial disparities in cardiovascular health. Am. J.
Hum. Biol,, 21: 2-15. doi: 10.1002/ajhb.20822

* Kuwaza, C. et al. Timescale of human adaptation: the role of epigenetic
processes. Epigenomics, 3(2), 221-234, 2011.

* Kuzawa CW: Fetal origins of developmental plasticity: are fetal cues reliable
predictors of future nutritional environments? Am. . Human Biol. 17(1), 5-
21 (2005).

* Jablonka E, Lamb M. The inheritance of acquired epigenetic variations. |
Theoret Biol. 1989; 139:59-83.

* Jablonka E, Lamb M. Epigenetic inheritance and Evolution: the Lamarckian
dimension. 1995: Oxford University Press, Oxford.

* Langley-Evans, SC. Nutrition in early life and the programming of adult
disease: a review. | Hum Nutr Diet. 2014 Jan 31. doi: 10.1111/jhn.12212.

* Lee, YK. Has the microbiotica played a critical role in the evolution of the
adaptive immune system? Science. 2010. 330 (6012) 1768-1773.

* Lundstrom, Johan N, et al. "Maternal status regulates cortical responses to
the body odor of newborns." (2013).

* Maningat, P.D,; Sen, P.; Rijnkels, M.; Sunehag, A.L.; Hadsell, D.L.; Bray, M.;
Haymond, M.W. Gene expression in the human mammary epithelium during
lactation: The milk fat globule transcriptome. Physiol. Genom. 2009, 37, 12-
22

* Margolis, Kara Gross, and Michael D. Gershon. "Enteric Neuronal Regulation
of Intestinal Inflammation." Trends in Neurosciences 39.9 (2016): 614-624.

* Melnik, B.C.; Kakulas, F.; Geddes, D.T.; Hartmann, P.E.; John, S.M.; Carrera-
Bastos, P.; Cordain, L.; Schmitz, G. Milk miRNAs: Simple nutrients or systemic
functional regulators? Nutr. Metab. 2016, 13, 1-5.

* Miralles O, Sanchez ], Palou A, Pico C: A physiological role of breast milk
leptin in body weight control in developing infants. Obesity (Silver Spring)
14(8), 1371-1377 (2006).

Laurel Wilson, BS, IBCLC, CLE, CLD, CCCE info@motherjourney.com



May not be copied without permission.

* Mischke, Mona and Torsten Plosch Am | Physiol Regul Integr Comp Physiol
2013;304:R1065-R1069

* Mischke, Mona and Torsten Plésch Am | Physiol Regul Integr Comp Physiol
2013;304:R1065-R1069

* Na, RS, E, GX; Sun, W,; Sun, X.W.; Qiu, X.Y.; Chen, L.P.; Huang, Y.F.
Expressional analysis of immune-related miRNAs in breast milk. Genet. Mol.
Res. 2015, 14,11371-11376.

* National Institutes of Health. National Human Genome Research Institute. Al
About the Human Genome Project. Accessed Jan 2014.
http://www.genome.gov/10001772

* Nilsson, E et al. Environmentally Induces Transgenerational Inheritance of
Ovarian Disease. PLOS One. May 03, 2012 DOI:
10.1371/journal.pone.0036129

* Obermann-Borst, S et al. Duration of breastfeeding and gender are
associated with methylation of the Leptin gene in very young children.
Pediatr Res 74: 344-349; advance online publication, July 24, 2013;
doi:10.1038/pr.2013.95

* Ozkan et al.: Milk kinship hypothesis in light of epigenetic knowledge. Clinical
Epigenetics 2012, 4-14.

e Park, Chung. Role of compensatory mammary growth in epigenetic control of
gene expression. FASEB Journal, 2005. Vol 19, no. 12.

* Rasmussen KM, Habicht ]J-P: Maternal supplementation differentially affects
the mother and newborn. J. Nutr. 140(2), 402-406 (2010).

* Savino F, Liguori SA, Fissore MF, Oggero R: Breast milk hormones and their
protective effect on obesity. Int. J. Pediatr. Endocrinol. 2009, 327505 (2009).

* Savino F, Liguori SA, Oggero R, Silvestro L, Miniero R: Maternal BMI and
serum leptin concentration of infants in the first year of life. Acta Paediatr.
95(4), 414-418 (2006).

* Simmons, R. Epigenetics and maternal nutrition: nature v. nurture. Proc Nutr
Soc. Nov 29:1-9, 2010.

¢ Sherman, Michael P., Habib Zaghouani, and Victoria Niklas. "Gut microbiota,
the immune system, and diet influence the neonatal gut-brain axis." Pediatric
research 77.1-2 (2014): 127-135.

* Thayer, Z et al. Biological memories of past environments. Epigenetics 6:7,
798-803: July 2011.

e T.H.-T. Tan, et al. The Role of Genetics and Environment in the Rise of
Childhood Food Allergy. Clinical and Experimental Allergy. 2012 (42) 20-29.

* Tow, Jennifer. Heal the mother, heal the baby: epigenetics, breastfeeding and
the human microbiome. Breastfeeding Review 2014. 22(1): 7-9.

e Valles, Y. etal. Metagenomics and the development of the gut microbiotica in
infants.
http://www.lcg.unam.mx/frontiers/files/frontiers/Valle%60s_etal final.pdf

* Verduci, E.; Banderali, G.; Barberi, S.; Radaelli, G.; Lops, A.; Betti, F.; Riva, E.;
Giovannini, M. Epigenetic Effects of Human Breast Milk. Nutrients 2014, 6,
1711-1724.

Laurel Wilson, BS, IBCLC, CLE, CLD, CCCE info@motherjourney.com



May not be copied without permission.

e Waly, M. et al. Prenatal and Postnatal Epigenetic Programming: Implications
for GI, Immune, and Neuronal Function in Autism. Autism Research and
Treatment. Volume 2012. http://dx.doi.org/10.1155/2012/190930

* Waterland, Robert and Jirtle, Randy. Early Nutrition, Epigenetic Changes at
Transpoons and Imprinted Genes, and 20:63-68. 2004.

* Weaver, I.C. et al. (2004) Epigenetic programming by maternal behavior.
Nature Neuroscience, 7(8), 847-854.

* Weinhold, Bob. Epigenetics: The Science of Change. Environmental Health
Perspectives. 2006; vol 114(3), 160-167.

*  Weinstick, M. Changes induced by prenatal stress in behavior and brain
morphology: can they be prevented or reversed? Adv Neurobiol. 2015;10:3-
25.doi: 10.1007/978-1-4939-1372-5_1.

Professional Organizations and Projects
e list-behavior=unordered prefix-word= mark-type=disc
e DNA Methylation Society (international)
http://www.dnamethsoc.com/main.htm
e Epigenome Network of Excellence (Europe) http://www.epigenome-noe.net
e Human Epigenome Project (Europe) http://www.epigenome.org
Journal
Epigenetics
http://www.landesbioscience.com/journals/epigenetics/

DNA Methylation Database
http://www.methdb.de/front.html

Imprinted Gene Databases
e list-behavior=unordered prefix-word= mark-type=disc
e http://igc.otago.ac.nz/home.html
e http://www.geneimprint.com/databases/?c=clist
http://www.mgu.har.mrc.ac.uk/research/imprinting/

Laurel Wilson, BS, IBCLC, CLE, CLD, CCCE info@motherjourney.com



