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What is DNA?



What is DNA?

DNA carries our genetic information.

Chromosome is a long DNA molecule.

There are over 200 different types of cells in the body.

Almost all our cells share the same genetic information, but not 
all genes are expressed simultaneously by all cell types.

Genes are turned off or on depending on what type
of cell we are creating!



One Way Gene Expression Works: 

Methylation
DNA methylation regulates gene expression by recruiting proteins 
involved in gene repression or by inhibiting the binding of transcription 
factor(s) to DNA.

The enzymes that establish, recognize, and remove DNA methylation 
are broken into three classes: writers, erasers, and readers.



Bottom Line: DNA methylation typically acts to repress gene transcription.

Writers are the enzymes that catalyze the addition of methyl 
groups onto cytosine residues. 

Erasers modify and remove the methyl group.

Readers recognize and bind to methyl groups to ultimately 
influence gene expression. (Moore et al, 2013)



More on Methylation
“While we know that DNA is 
based on 4 crucial elements 
- adenine (A), cytosine (C), 
thymine (T), and guanine (G) 
- that’s not exactly true.

(The Mysteries of Metastases, 2015)



The methyl-C adds a methyl group to that element, 
silencing it, which likely changes the meaning of the 
sequence it is part of.

C can be a plain C, or it can be a methyl-C.

Usually, a nonmethylated C is associated with active 
transcription and a methylated C is associated with silencing.”



Why is 
this good? 



When methylation goes wrong: 

“If we look at cancer cells, the methylation patterns look 
different than the tissue from which the cell was derived. The 
cell has lost its identity, it has lost its normal DNA mutation 
profile. Epigenetic alterations might explain the transformation 
of a normal cell to a cancerous cell.”

Manel Esteller, MD, PhD, head of the Grupo de Epigenética 
del Càncer (Epigenetics of Cancer) at the Bellvitge Biomedical 
Research Institute

(The Mysteries of Metastases, 2015)



Why is this important? 
“Aberrations in the DNA methylation system have
an important role in human disease.”

“DNA methylation patterns are globally disrupted 
in cancer, with genome-wide hypomethylation and 
gene-specific hypermethylation events occurring 
simultaneously in the same cell” (Robertson, 2005)



Let’s back up - What is Epigenetics
According to the CDC, “epigenetics is the study of how your 
behaviors and environment can cause changes that affect the 
way your genes work.”

Unlike genetic changes,

(What is epigenetics, n.d.)

Reversible

Do not change your DNA sequence

Can change how your body reads a DNA sequence.



How Does it Work?
Epigenetic mechanisms “generate different and interchangeable 
structural states that modify gene activity. These mechanisms include 
interdependent modifications of DNA and of chromatin, the histone 
protein structure that compacts DNA in the cell nucleus.

“The addition of methyl groups to cytosines causes the 
condensation of chromatin, which renders the DNA unavailable 
to the transcriptional machinery leading to gene silencing”

(Venditti et al., 2020)



The other two ways gene expression works:

These modifications can be grouped into three 
main categories:

(Venditti et al., 2020)

DNA methylation,

Modifications of histones, and

Small non-coding RNAs.



What about Telomeres (size matters!)?



Telomeres are complexes comprising DNA and protein that cap 
and protect the ends of eukaryotic chromosomes, providing 
stability for replication and preventing fusions. 

Telomeres are characterized by repetitive, single-strand DNA 
sequences that decrease in length with each cell division. As 
telomeres shorten to a critical length, cells typically become 
senescent; however, during this period, the risk of maladaptive 
cellular changes also increases.

Eukaryotic = cell with a nucleus

Senescent = aging, a cell that no longer replicates. 

(Sibille et al., 2012)



“Importantly, some cells are buffered by 
telomerase, a complex enzyme comprised 
of telomerase RNA, a reverse transcriptase, 
and accessory proteins. Telomerase adds 
telomeric DNA sequence repeats to the ends of 
chromosomes, providing protection, repair, and 
even potential lengthening of telomeres.”
(Sibille et al., 2012)



Shorter telomeres:
Age-related diseases, 

Chronic mental and physical health 
conditions, 

and Mortality

Longer telomeres: 
Years of healthy life. 

Telomere length “is negatively associated 
with persistent psychosocial stress; 
examples include caregiving stress and a 
history of childhood adversity.”

(Sibille et al., 2012)



“Epigenetic dysregulation has long been 
recognized as a key factor contributing to 
tumorigenesis and tumour maintenance that 
can influence all of the recognized hallmarks of 
cancer.” (Morel et al, 2020)

What are the Implications?



What else is 
affected by 
EPIGENETICS?

Beyond
Cancer



According to the American Academy of Pediatrics, toxic 
stress caused by ACEs impact children while they (and 
their brains)  are developing

Babies are not born with fully developed nervous  systems.

Structural development is guided by cues from the environment

Exposure to toxic stress causes prolonged activation of stress 
response mechanisms  

Long-term result is the increase in risk of stress-related disease 
and cognitive impairment

This condition disrupts the development of the brain and other organs



“Genetic research has identified a variety 
of alleles that appear to protect against, or 
predispose to, long-term sequelae of traumatic 
stress by varying the sensitivity of stress 
hormone receptors in the limbic system. 
An increasing body of evidence points to 
the ability of early life experience to trigger 
epigenetic modifications, effectively altering 
brain structure by changing gene transcription.

(American Academy of Pediatrics, 2014)

Alleles = genetic sequences



ACEs are associated in a dose-dependent way with over 60 
mental and physical health outcomes and premature death, 
including many of the leading causes of death in the US, such 
as heart disease, cancer, unintentional injuries, stroke, chronic 
lower respiratory disease, diabetes, kidney disease, and 
suicide. (Ortiz et al., 2022)

From JAMA Neurology, a monthly peer-reviewed medical 
journal published by the American Medical Association:





ACEs are also associated with common neurological and 
neuropsychiatric conditions, including dementia and memory 
impairment, epilepsy or seizure disorder, attention-deficit/
hyperactivity disorder (ADHD), and headaches, in addition to 
sleep disturbances, developmental delay, learning or behavioral 
problems, autism spectrum disorders, mood disorders and 
posttraumatic stress disorder, and chronic pain. (Ortiz et al., 2022)

From JAMA Neurology, a monthly peer-reviewed medical 
journal published by the American Medical Association:





“Physiological dysregulation can alter brain 
architecture and other organ systems during 
sensitive periods of childhood development 
when children are most vulnerable to social 
and environmental context; the negative health 
outcomes that follow later in adult life may be a 
result of cumulative physiological, epigenetic, and 
cognitive responses to chronic stress due to early 
exposure to adversity” (Purewal Boparai et al., 2018)





“Data on ACE exposures among youth in foster care, 
and community settings reveal that these populations 
demonstrate particularly high prevalence of early adversity.”

“Foster care children are at between 1.5 and 7 times greater 
odds of having experienced any one of the 10 traditional 
ACEs compared to children not placed in foster care, even 
after controlling for race/ethnicity, parent education and 
employment, welfare services, and poverty status”

(Purewal Boparai et al., 2018)





Epigenetic Modifications in Stress Response Genes 
Associated With Childhood Trauma 
Jiang et al. state that “early life is a special period 
characterized by a high level of plasticity and fast 
development. Thus, the impact of childhood trauma is 
particularly deleterious, since the developmental trajectory 
of the brain is affected, with resultant alteration of the 
circuitry for threat detection, emotional regulation, and the 
reward system” (2019)

Specifics on which genes are involved:
https://www.frontiersin.org/articles/10.3389/fpsyt.2019.00808/full

https://www.frontiersin.org/articles/10.3389/fpsyt.2019.00808/full


But They’re Too Young to 
Know What’s Happening? 



Environmental 
exposure of a 
mother carrying a 
child can impact 
the development of 
the germ cell line 
and thus impact the 
grandchildren.

Epigenetic Changes 
can Affect Multiple 
Generations



Dr. Emma Meaburn states that “intergenerational epigenetic 
effects… when the embryo is developing in the mother’s 
uterus, epigenetic information for the developing embryo is 
essentially reset and relayed down…That developing embryo’s 
germ cell lines are also developing at the same time and also 
having the epigenetic marks laid down. So, when the embryo 
is developing inside the mother, if the embryo is exposed 
to an environmental effect so is its germ cells and it’s those 
germ cells that will go on to make the third generation – the 
grandchildren. So that’s an example of intergenerational 
epigenetic effects.” 
(Epigenetics and Mental Health, n.d.)



According to the CDC, “a pregnant woman’s environment 
and behavior during pregnancy, such as whether she eats 
healthy food, can change the baby’s epigenetics. Some of 
these changes can remain for decades and might make 
the child more likely to get certain diseases” 
(What is epigenetics, n.d.) 



“People whose mothers were pregnant with them during the 
famine were more likely to develop certain diseases such as heart 
disease, schizophrenia, and type 2 diabetes. Around 60 years after 
the famine, researchers looked at methylation levels in people 
whose mothers were pregnant with them during the famine. These 
people had increased methylation at some genes and decreased 
methylation at other genes compared with their siblings who were 
not exposed to famine before their birth. These differences in 
methylation could help explain why these people had an increased 
likelihood for certain diseases later in life” (What is epigenetics, n.d.)

Dutch Hunger Winter Famine (1944-1945)



“Chronic exposure to 
environmental stressors, 
including but not limited 
to work-related stress, 
has been implicated 
in the patho-etiology 
of various mental 
disorders and represents 
a substantial cause of 
morbidity, imposing a 
considerable societal 
disease burden” 
(Gottschalk et al., 2020)



Why don’t we have more research?
Separating identical twins at birth or starving
an entire nation is unethical.

“The brain is inaccessible for DNA methylation analysis in 
living humans, most studies are limited to peripheral tissues 
such as saliva and white blood cells, and the relevance to 
brain physiology and pathology is uncertain.” (Szyf, 2019)



Why the Body is Using
Epigenetics

“Epigenetic mechanisms are hypothesised to be one 
molecular pathway of how adverse and traumatic events 
can become biologically embedded and contribute to 
individual differences in resilience” (Smeeth et al., 2021)



“Moshe Szyf is one of the pioneers in the field of epigenetics. 
Szyf’ lab has proposed three decades ago that DNA methylation 
is a prime therapeutic target in cancer and other diseases and has 
postulated and provided the first set of evidence that the “social 
environment” early in life can alter DNA methylation launching the 
emerging field of “social epigenetics”” (TEDx Talks, 2016)



Why the Body is Using
Epigenetics (PART 2)

“Signals from the mother tell the child what 
type of world they will be living in.”

“Is it going to be harsh and you better be anxious and be 
stressful? Or is it going to be an easy world and you have 
to be different?”



“Is it going to be a world with a lot of food or a little food? 
If there’s no food around, you better develop your brain to 
binge whenever you see a meal or store every piece of food 
you have as fat” 

“Evolution developed this way to allow our fixed old DNA to 
function in a dynamic way in new environments”
(TEDx Talks, 2016)







The article ‘Ameliorating the biological impacts of childhood 
adversity: A review of intervention programs’ “presents the 
latest science on the impact of interventions to improve 
biological health of children who have experienced early 
life stress. This field holds promise in that interventions can 
indeed improve or normalize outcomes in children exposed 
to adversity across institutional, foster care, and community 
settings.” (Purewal Boparai et al., 2018)

https://www.sciencedirect.com/science/article/pii/
S0145213418301650
(Purewal Boparai et al., 2018)

https://www.sciencedirect.com/science/article/pii/S0145213418301650
https://www.sciencedirect.com/science/article/pii/S0145213418301650




Molecules of Silence: Effects of Meditation on 
Gene Expression and Epigenetics 

“Relevant examples of stress-related targets of epigenetic deregulation 
are genes involved in glucocorticoid signaling, serotonergic signaling, 
and neurotrophins. Surprisingly, meditation practices seem to act on the 
same gene targets, such as FKBP5, SLC6A4, and BDNF, and promote 
endocrinal, neuronal, and behavioral functions.



This suggests that the achievement of a state of inner silence through the 
practice of meditation can prevent or reverse the detrimental effects of a 
stressful environment”(Venditti et al., 2020)

“Mental and emotional health can be ameliorated by the experience of inner 
silence, which induces a state of equanimity and leads to improved attention 
and increased relaxation” (Venditti et al., 2020)

“Inner silence can therefore be considered a powerful tool to counteract the 
negative effects of overabundant environmental noise, thanks to its power to 
relieve stress-related symptoms” (Venditti et al., 2020)
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