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Epigenetic mechanisms

Epigenetics: ”Epi”: Greek – above

Changes in gene activity without changes to the DNA sequence



• DNA methylation occurs at cytosine residues and is mostly studied at CpG  

sites (Ehrlich et al, 1982)

• CpG sites are found in high density in gene promoters, called CpG islands, 

where methylation may repress transcription (Bird, 1986, Ling and Groop, 2009)

DNA methylation



How does it look like in “real life”



DNA methylation and fetal/placental development

Father and mother



• Look at a single gene region – candidate gene studies

(when you have an idea of what you are looking for)

How to study epigenetics?



Genome-wide epigenetics
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Epigenome-wide association 

studies (EWAS)



Epigenetic studies of the Developmental Origins of Health and 

Disease hypothesis (DOHaD)

Health at birth
Health during 

childhood

Adult phenotype ?

Exposure to Stress or 
Malnutrition

Where do epigenetic

changes fit in???



Gestational diabetes and obesity in pregnancy

Aim:

To explore genome-wide DNA methylation changes in blood in 9- to 16-year-old 

offspring exposed to GDM in utero, initially using a genome-wide-based discovery 

approach followed by replication
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DNBC GDM study cohort
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• We identified 76 differentially methylated CpGs (FDR-corrected)

between GDM and control offspring, associated with 56 different

genes

• Several CpGs associated with aging, obesity and T2D

DNA methylation discovery study (n = 188)

Adjustment for maternal BMI, and offspring BMI, age and sex

L. Hjort et al, JCI Insight 2018



• PTSD is a severe psychiatric condition, 
resulting as a direct consequence of 
exposure to a traumatic event or from 
chronic trauma exposure. 

• Children born to traumatized women are 
more likely to have behavioral, 
developmental and clinical problems, 
including PTSD symptoms. 

Maternal PTSD in pregnancy and childhood

Aim:

What are the possible mechanisms for generational transmission of 
trauma derived from PTSD in pregnancy?



Study population and methodology

• Interview of 130 women who experienced sexual violence/torture during 
the war in Kosovo:

• Inclusion of 117 women:

- 84 of the women had PTSD during pregnancy, 33 had not. 

- The rest developed PTSD after giving birth

• All of the women gave birth to at least one child born after the war 
ended (today aged 1-18 years old, not related to the sexual assault).

We examined:

1. The children´s stress levels (cortisol concentration)

2. If PTSD exposure was associated with DNA methylation differences



• Children born to mothers with 
pregnancy PTSD were more likely to 
have high cortisol levels (15.5%) 
compared to children of mothers 
without pregnancy PTSD (3.0%), P=0.04

L. Hjort et al, Epigenomics, 2021



EWAS analysis: 
- To identify differentially methylated CpGs we performed multiple regression 
modelling adjusting for mothers age, the sex and age of the child
- After FDR: no CpGs were significantly associated with PTSD in pregnancy......

Pilot study

Discovery
study 

DNA 
samplesControl offspring 

n=33
PTSD offspring 

n=86

♂♀ ♂♀

Epigenome-wide association study (EWAS) of DNA methylation

The EPIC platform
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Candidate gene look-up in the EWAS data

• Literature search to identify stress related genes: (NR3C1, NR3C2, HTR3A, SLC6A4, 
OXTR, FKBP5, BNDF).

• Differential methylation of all seven genes were replicated in the discovery study 
between offspring exposed to maternal PTSD during pregnancy, and the controls.



Exposure to Maternal 
malnutrition or stress Adult life

Increased risk of 
disease

Epigenetic changes?

Childhood

Epigenetic changes

Pregnancy or postnatal
environment?

Childhood
environment?

The effects of malnutrition and maternal stress during pregnancy may become biologically 
embedded in the child by epigenetic mechanisms, with potential for both short and long-term 
effects on their development and risk of disease in later life. 
– However, some unknowns on timing of exposure and other confounders, that require careful 
future study designs:

Conclusions



Thanks for your attention



Stability vs. flexibility



BMI

Epigenetic flexibility

Rönn et a. HMG 2015



AGE

Epigenetic flexibility

Rönn et a. HMG 2015


