
Epigenetics and Addiction



Drug addiction defined as a THREE-STAGE CYCLE

Rewarding or pleasurable

substance effects

Negative emotional 

state in the absence 

of substances

Substances seeking

after a period of 

abstinence

(Koob et al. 2017)



Environmental factor and Drug addiction



Environmental factor and neuropathic pain

❖Genes, environment and brain 

circuitry in neuropathic pain??



Dalla Tolleranza alla Dipendenza fisica…che si rivela con l’astinenza.

Dipendenza psichica (OUD)

FATTORI NEUROBIOLOGICI (genetici, farmacodinamici)

FATTORI INDIVIDUALI (psico-emozionali, socio-culturali

ambientali)Da

da: Nestler EJ, Nature Rev. Neurosci.,
2, 119-128, 2001

Environmental
(very high)

Kreek et al., 2005



The question is:
Are there neurobiological basis for which
patients suffering from chronic or 
neuropathic pain under chronic
opioid therapy do not develop an OUD?



Actions of Addictive Substances on the Brain

(Nestler EJ. Nature Neuroscience. 2005;8:1445–1449)

(Kim et al., Mol Cells 2017; 40:379-385) 

Diverse afferent and efferent 

connectivity in the striatum

(Money and Stanwood, Front Cell Neurosci 2013 ;7:260)

❖ Genes, environment and brain circuitry in drug 
addiction



Figure 1. Model of the 

mechanism of suppression of m-

agonist-induced reward in

neuropathic pain. Peripheral

nerve injury can cause sustained

activation of the

endogenous b-endorphinergic

system in the brain. b-Endorphin

released by

chronic nociceptive stimuli can 

continuously activate m-opioid

receptors in the

VTA, thus leading to 

downregulation of m-opioid

receptor function and resulting

in

a decrease in dopamine release 

in the NAc. This phenomenon

could explain the

mechanism that underlies the 

suppression of m-opioid reward

under neuropathic

pain-like states observed in 

animal models [28].

Niikura K et al., TIPS, 2010





Un modello murino di dolore neuropatico: la legatura del nervo sciatico

Ridotta funzione dei recettori oppioidi µ nel 

mesencefalo (VTA) 

Riduzione della 
ricompensa e del 

potenziale d’abuso 
indotti da morfina

Sciatic nerve ligation suppresses 

the rewarding effects of morphine 

in vivo (but not antinociception)
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In modelli di dolore neuropatico la ridotta 
attività di p-ERK in VTA causa a sua volta una 
riduzione dell’attività di TH con conseguente 

riduzione del tono dopaminergico



Epigenetics and addictive drugs

Epigenetic alterations interact with genetic predisposition,
environmental factors, exposure to addictive drugs.

All together induce long-lasting gene expression alterations
influencing the typical behavior of addiction



Cocaine epigenetic effects

1 single cocaine administration ↑ in 30 min histone H4 acetylation

(H4ac) e histone H3 phospho-acetylated (H3pac) levels in rat NAc

Self-administration of cocaine in the rat ↑ H3ac and H4ac levels in

NA but only H3ac levels are related to motivation of the cocaine

intake.

On the contrary, repeated exposure to cocaine ↓ H3 dimethylation

in Lysine in position 9 (H3K9me2), a repressive modification.

EPIGENETICS and Addictive drugs



Combining the two modifications (increase of acetylation and

decrease of methylation on H3 determines the final effect:

repeated exposure to cocaine induce a global increase of DNA

transcription.

Therefore the chronic exposure to cocaine induce in the Nac

neurons a global modification of chromatin that is favorable to

transcription by means of increase of acetylation (H3ac, H4ac) and

phosphoacetylation (H3pac) and a decrease of methylation

(H3K9me2)) di specifici istoni.

EPIGENETICS and Addictive drugs



























Mettere epig e alcool







DNA methylation


