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ResultsIntroduction
Major Issue: substance abuse and addiction leads to social,

physical, and emotional problems, and can alter the brain’s

functioning abilities

Research question: Are changes to brain function as a result of

substance abuse caused by epigenetics, and can these

changes affect subsequent generations?

• Epigenetics: when environmental factors like drugs cause

heritable changes to gene expression through DNA

methylation and chromatin remodeling.

Conclusion

Literature Cited

Analyze literature to identify :

• Substance abuse risk factors in DNA how they affect the brain

• Whether there are epigenetic changes with substance abuse

that can influence future generations

• The stage in life – from birth to adolescence – when these

traits will be fully expressed

• Substance abuse negatively influences early epigenetics that

makes a mark on future generation’s DNA..

• Many addictive drugs are now known to cause epigenetic changes.

• This knowledge of the genetics behind substance abuse and how

this issue can be changed for the better.

• The executive functioning that allows for self-control in the brain,

influence the expression of the genes dealing with memory. The

prefrontal cortex stores the drug-seeking behavior and addiction

risk.

• If further developed, I would like to look more into the mental health

of substance abuse being developed into future generations
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What stages of development are most affected?

• Greater levels of epigenetic substance abuse is present during

adolescences than at birth (Ref 2)

• Higher risk of developing substance addiction at birth stage (Ref

2)

• Epigenetic changes caused by life events altered behavior in rats

dealing with drugs throughout each stage of development (Ref 5)

• At birth epigenetic variation is tightly interconnected in genes with

greater levels of substance use during adolescence than at earlier

stages (Ref 5)

Objectives and Methods

How do risk factors affect brain processes?

• Individuals that dealt with higher risk of addiction, had a reduced

activity in the medial prefrontal cortex and fewer dopamine

receptors (Ref 1)

• Drug abuse stimulates dopaminergic signaling. Additional brain

regions are also involved in addiction3

How does substance abuse impact epigenetics?

• Exposure to drugs or alcohol in an environment can alter gene

expression and gene function (Ref 5)

• Substance abuse marks DNA, it effects the expression of traits

passed to offspring (Ref 5)

• Higher rates of DNA methylation of upregulated expression in

offspring DNA due to cocaine exposure (Ref 6)

• During development of cocaine addiction levels of brain proteins

increase in the nucleus (Ref 6)

• Increased OPRMI was found to decrease m RNA content which

also altered the DNA methylation in leukocytes (Ref 6)

• The cortex with cultured neurons of alcohol show elevated DNA

methylation (Ref 6)

Table 1: Epigenetic modifications in drug abuse

Figure 2. Impact of Epigenetic Remodeling

on Addiction. Life experiences can determine individual 

vulnerability to additction3

This figure shows the 

parts of the brain that 

get affected by 

dopamine pathways 

during substance use.

Type of drug or alcohol Gene Reference

FosB, HDAC5, CaMKIIa, Bdnf Cocaine 6

OPRMI Opioids 6

ANP, NGF, HERP, DLK1 Alcohol 6

Figure 2: DNA 

methylation and 

substance-use risk 

wide spanning 

study to 

adolescence 

Figure 1: compilation 

of epigenetic 

influences on 

humans
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