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Welcome to the World of Epigenetics!



Agenda

• Review the human genome & epigenome
• Explain the history & science of epigenetics
• Describe epigenetic modulation in normal development, 

the environment & due to lifestyle behaviors
• Describe how smoking affects the epigenome & causes 

disability
• Explain how epigenetic testing can measure the impact of 

excess alcohol use, which leads to increased disability 
risk

• Review how coronary heart disease, a leading cause of 
long-term disability, can be discovered through epigenetic 
blood testing



Genome v. Epigenome

Genome (Genetics is the biologic study of genes, variation & heredity)

• Entire genetic code across all cell types

• Heritable

• Can be damaged by radiation

• Can be edited through gene therapy (e.g., CRISPR)

Epigenome (Epigenetics is the biologic study of the epigenome)

• Entire epigenetic code across all cells in the body

• Can be reprogrammed due to normal development, environmental 
exposures, diseases & medications that target epigenetic regulators



Genome v. Epigenome

Sir Conrad Waddington was a pioneer!

• First defined epigenetics in the early 1940s as: “The branch of biology 
which studies causal interactions between genes and their products, 
which bring the phenotype into being.”

• What’s a phenotype? Phenotype: Observable physical characteristics 
of an organism (e.g., appearance, behavior, development)

• Later in the 1940s, a type of epigenetic change called DNA methylation 
was described.

• In 1975, Allfrey et al. demonstrated DNA methylation & histone 
modification contributed to gene expression control.



Conceptualizing Epigenetics

We are alike but different… 
why?

Epigenetics!

Epigenetic systems modulate gene 
transcription to:

• Ensure proper cell fate. 

• Compensate for differences in 
background genetic variation.

Same in form, different in genotype



Epigenetics in Normal Development

Epigenetics play an important 
role in our normal development, 
turning stem cells into a variety 
of cells that we need to live, 
such as:

• Bone cells
• Blood cells
• Nerve cells
• Muscle cells
• Immune cells



Environmental & Lifestyle Impact

Epigenetic modulation
• Alters the phenotype but not the 

genotype of an organism
• Can be good or bad

• Can negatively occur from many different 
things, such as:

• Smoking
• Diet
• Drugs of Abuse
• Lack of Exercise
• Stress
• Disease exposure



DNA & How Epigenetic Changes Occur



The Science of DNA Methylation

Types of Epigenetic Modification

• DNA Methylation
• Methyl group is added, turning a 

gene off (GOOD!)
• Demethylation: A methyl group is 

removed, turning a gene on (BAD!)
• Histone Modification

• DNA wraps around histones 
(proteins)

• Tightly packed: Gene is “off”
• Loosely packed: Gene is “on”

**The degree of methylation is measured 
at key sites in the epigenome.



What About Smoking?

Photo by Panos Sakalakis on Unsplash
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https://unsplash.com/collections/8690638/people/f6fd2e3f679699005597b0ae280a3be1?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText


The Effect of Smoking 
on the Epigenome

• Smoking has a profound effect on 
the epigenome.

• At the nominal level, over 1/4th of 
the variable epigenome in white 
blood cells (WBCs) is affected by 
smoking.

• From a methylation perspective, it 
may be the single worst thing you 
can do.

Epigenetics & Smoking



“…one of the strongest and 
most consistently replicated 
epigenetic relationships…”

“There is nothing else 
comparable with the 

remarkable AHRR–smoking 
relationship in the rest of the 
SUD epigenetics literature”

Gelernter & Polimanti, 
Nature Reviews 2021

Good Science Starts 
With Reproducible 

Findings

Epigenetic Research With Smoking



Epigenetic Research With Smoking



Epigenetic Research With Smoking



Associations of cg05575921 methylation 
Medical Conditions

• Mortality

• Alcohol use disorder

• Coronary heart disease

• Lung cancer

• Emphysema

• Stroke

• PTSD

• ADHD

Medically-Related Traits

• Educational achievement

• Accelerated epigenetic aging

• Impaired immune cell response

• Low infant birth weight

• ADHD in offspring

• Frailty

• Impaired cognition

• Poverty

Epigenetic Associations



DNA Methylation as a Predictor of Lung Cancer

Figure 1.  An illustration of the cumulative hazard (95% 
confidence ribbons) as a function of pack years 
consumption (PY), and Cg05575921 for four possible 
61 yr old subjects. Values for the latter two are set at 
the 25th and 75th percentiles, and age is set to the 
mean of the sample. Panel B represents someone at 
75th percentile for both PY and smoking intensity, while 
Panel C represents someone at the 25th percentile for 
PY and smoking intensity. From Philibert et al., 2022



What About Alcohol?



The Effect of Alcohol on the Methylome
• Low amounts of alcohol 

intake have no discernable 
effects of DNA methylation.

• However, heavy alcohol 
consumption (HAC) has 
profound effects on genome-
wide DNA methylation.

• In 2014, Dr. Philibert’s group 
produced the first 
epigenome-wide study of 
HAC.

Epigenetics & Excess Alcohol 



Epigenetic Research With Alcohol



Two methylation tools available for 
assessing alcohol

Alcohol T Score (2019)
• Metric based on 4 MSdPCR assays

• Validated using CDT, hospital records & BAC

• Commercially available

MethylDetectR (2021)
• Uses genome wide array data to estimate alcohol 

intake

• Academic

• Calibrated off self report

DNA Methylation Tools for Quantifying Alcohol 

Only Direct Comparison of the ATS with MethyDetectR
• Neither were correlated with current self-report.
• Both predict CDT levels equally well.
• ATS better predicts immune cell changes.

2022

Epigenetic Testing for ETOH Use





What About Coronary Heart Disease?

From Broyles and Philibert, in submission

Epigenetics & CHD



Epigenetic Prediction of CHD



Philibert et al., 2023

Epigenetic Diagnostic Testing for CHD

Epigenetic changes caused by coronary 
artery disease are now able to be 
detected through blood testing. 

Imagine diagnosing heart disease through 
a blood test & not a stress test!



• The science of epigenetics will change both clinical medicine & insurance 
medicine as we know it.

• Epigenetic changes are part of our normal development but also assist in 
detection of increased morbidity & mortality risk.

• Lifestyle behaviors such as cigarette smoking & excess alcohol intake cause 
deleterious epigenetic changes, which lead to diseases that negatively impact 
morbidity.

• New methods of epigenetic testing use blood to detect coronary heart 
disease.

Summary



Please Provide Your Feedback on the Conference App
OPTION 1 OPTION 2



Thank You
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