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Epigenetics: The Nature of Nurture
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Epigenetics: DNA methylation
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(Montalvo‐Ortiz JL, 2022)



DNA methylation patterns are established during brain development, 
but may be disrupted by early‐life adversity.
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Epigenetics of Childhood Trauma

Parade et al., 2021



Parade et al., 2021

Epigenetics of Childhood Trauma



Risk and Resilience study



Adverse Childhood Experiences, Epigenetic Measures, and Obesity in Youth

DNA methylation sites that independently and in interaction 
with intrafamilial childhood adversity predicts BMI. 

Indirect effects of intrafamilial childhood 
adversities on BMI through methylation of PCK2.

Methylation at PCK2 has been previously linked to BMI. 
This gene has been implicated in immune regulation and proliferation.

Kaufman, et al., 2018



OTX2methylation, depression and brain 
connectivity in maltreated children

Methylation in OTX2 significantly predicted 
depression scores in children exposed to 
adversity. Increased OTX2 methylation was 
associated with increased functional connectivity 
between vmPFC and ACC.

Kaufman, et al., 2018

Increased activation in response to threat stimuli during 
the Go/No Go task was observed in the amygdala, ACC, 
insula, nucleus accumbens and frontal lobe. 
Birth parent support moderates the impact of trauma on 
brain activation during threat processing and emotional 
regulation. 

Wymbs, et al., 2020



Child abuse and DNA methylation in human postmortem brain

Differential methylation at POU3F1 and LINGO3 was specific to oligodendrocytes in the ACC. Decreased 
expression of myelin-related genes was also observed, accompanied by disrupted myelination and axonal 
integrity in the ACC of donors with history of child abuse.



Epigenetics and immune dysregulation in PTSD: Peripheral findings

Epigenetically dysregulated genes include AHRR, 
CDC42BPB, GFI1, CHD5, TOLLIP, ADCY4, and BANP. 
Many of these exhibited blood-brain correlation in 
methylation levels and cross-tissue associations in PTSD.
These genes are implicated in synaptic and neural 
plasticity processes and neuroimmune interactions. 



5mC 5hmC

By evaluating DNA methylation, hydroxymethylation, and gene expression in neurons from the 
orbitofrontal cortex, we observed dysregulation of genes involved in immune system process in PTSD. 

Núñez-Rios, et al. In preparation

Epigenetics and immune dysregulation in PTSD: Postmortem brain findings



Neuroimmune suppression and activation of peripheral immune markers in PTSD
Prefrontal-limbic TSPO availability was 
associated with PTSD severity. 

Prefrontal-limbic circuit TSPO availability is 
lower in PTSD.

Expression of TSPO and related genes is 
decreased in the postmortem PFC. CRP is negatively associated with prefrontal-limbic TSPO 

availability and positively associated with PTSD severity. 



Complex peripheral‐to‐neural immune system relationship in PTSD



Systemic immune dysregulation in PTSD

Núñez-Rios, et al. 2022

Impaired homeostasis of the central and peripheral immunological response



Central and peripheral immune crosstalk in PTSD

(1) HPA axis dysregulation

(2) Trafficking of peripheral 
inflammatory signals to brain.

(3) Pro-inflammatory 
cytokines changes in 
neurotransmitter systems.

Katrinli, et al. 2022



Potential therapeutic approaches targeting PTSD immune dysregulation

• TF inhibitor (Adalimumab, Etanercept, or Infliximab)

• Non‐steroidal anti‐inflammatory drugs  and COX‐2 inhibitors

• NLRP2 inflammasome inhibitors (BHB)

• Glucocorticoid treatment (Hydrocortisone)

• Noradrenergic beta‐receptor blockers (Propanolol*)

• Angiotensin‐converting enzyme inhibitors (Candersartan) and angiotensin receptor blockers (Losartan*)

• Cannabinoids (Nabilone)

• Psychotherapy  (Eye movement desensitization, reminder‐focused positive psychiatry) and behavioral 
interventions (yoga, and mindfulness).
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