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Epigenetics 

Neurobiology of depression 

Epigenetic modifications in the depressed brain 

Histone Acetylation DNA methylation Histone Methylation 

Epigenetic 
modifications can 

modify the 
chromatin 

structure via two 
non-exclusive 
mechanisms 

 By altering the steric or charge of the 
chromatin, which can led to chromatin 

condensation 

       By posttranslational modifications that 
serve as recognition sites that recruit 

machinery such transcription complex or 
histone modifiers 

http://www.hgu.mrc.ac.uk/img/researchers_img/meeh

an/DNA_Methylation_in_Vertebrates_a.jpg 

http://www.epigenetics.ch/images/histones_small.jpg 

Major depressive disorder is a mental disorder know to be part of the so called “Mood disorders”. It is characterised by symptoms like lack of motivation, anhedonia, insomnia, among others. 

We can consider an “epigenetic mark” as the mark in the genome that gives information about  whether a gene should be transcribed or not. It consists on the addition of a chemical group at the promoter of the gene,  (at the DNA) or at the 

histones. There are may types of modifications that we could consider, but here it will be explained the most common of them, methylation and acetylation. 

Common symptoms of depression are 

characterized by 

Altered cognition  
Emotional 

desregulation 

Altered reward 
processing 

Altered  
homeostatic 

stress responses 

Which usually is caused by the following 

alterations in this brain regions 

Decreased gray-matter volume in the PFC and 

hippocampus 

Hypermetabolism of the amydgala and frontal 

cortical regions 

Decreased activation in the NAc in response to 

rewarding stimuli 

Hyperactivity of the HPA axis 

 DNA methylation 

Histone methylation 

Histone acetylation 

What’s more, it is also found that, in general, in the Nucleus Accumbens,: 

 

Mice 

exposed 

to chronic 

social 

defeat 

stress 

Upregulation 

of CRF gene 
Hipomethylation 

CRFpromoter 

Overactivation 

of HPA axis 

High levels of GR 

Abnormal stress 

response 

- Hipocampus 

o Low levels of Bdnf  

o Low levels of VGF 

o Increased NF-kB signaling 

- Prefrontal cortex 

o Low levels of Bdnf 

- Nucleus Accumbens 

o High levels of Bdnf 

o Increased WNT-DVL signaling 

-  Amydgala 

 

 

Chronic exposure 
to predator 

stress 

Increase of DNA 
methylation at 

BDNF gen 
promoter 

Low levels of 
BDNF at 

hippocampus 

Neuronal changes and 
impairments that 

contribute to depression-
like symptoms 

Depression-

like 

symptoms 

Implicated areas 

BALB/cJ 
mice 

C57BL 

(B6) 
mice 

Low expression 

of GDNF gene 

High 

expression of 

GDNF gene 

It is found that under the same type of stress, B6 mice have an adaptive 

response to it, and BALB mice show depression-like symptoms. It is 

supposed that in the promoter of GDNF gene in BALB mice, MeCP2 binds 

to HDAC2 and this causes decreased acetylation of H3 histone that leads to 

a downregulation of GDNF, whereas in B6 mice MeCP2 binds to the 

transcriptional activator CREB, which leads to a increased expression of 

GDNF. 

   DNA methylation 

(1) Depression-like symptoms 

(2) Adaptive response to stress 

(1) 

(2) 

Uchida et al. “2011”. Epigenetic status of Gdnf in the ventral striatum determines 

susceptibility and adaptation to daily stressful events. Neuron. 69, 359-372. 

• There is an activation of the DMNTs After chronic social defeat stress 

That could be also responsible for the depression-like symptoms in mice.  

Here are shown two examples of genes that present an altered epigenetic regulation at the DNA of its promoter in 

the Hippocampus. The CRF (corticotrophin-releasing factor) gene (a) and the  BDNF gene (b). 

(a) 

(b) 

 Histone  methylation 

BDNF gene is also epigenetically regulated via histone methylation. Tsankova et al., examined the epigenetic 

changes in the BDNF gene in adult mice subjected, again, to chronic social defeat stress.  

They found that: 

Chronic social defeat stress  
Increased levels of the 

methylation of the 27th lysine 
residue in H3 histone 

Decreased BDNF expression in 
the hippocampus 

Defeated mice show decreased social interaction and depression-like symptoms. 

 Histone  acetylation General overview of epigenetic changes that 

occur in the NAc in depression 

Decrease in H3 histone acetylation at BDNF 
gene promoter that can be reversed by 
treatment administration (Imipramine) 

Chronic social defeat stress 

Decreased levels 
of methylation 

and H3K9me2 at 
RAS gene 

Incresed levels of 
RAS mrna 

(overexpression) 

Overactivation of 
ERK signal 

transduction 
pathway 

Activation of 
CREB 

CREB activates 
genes that 

contribute to 
depressive 
phenotype 

It is suggested that  chronic defeat stress also causes a global decrease of H3K9me2 levels, and this is mediated by the downregulation 

of the HMT type G9. (Histone methyl transferase). Knock out mice for this protein G9a, in the NAc, leads to an increased susceptibility to 

develop stress-related disorders.  Here it is explained the mechanism. 

Chronic social defeat stress produces: 

General overview of epigenetic changes that 

occur in the Hippocampus in depression 

Covington et al. describe 

that mice exposed to 

chronic social defeat 

stress present an 

increase of H3 histone 

acetylation 1 hour after de 

last exposure. 

This decay is followed by a gradual increase 
of the H3 acetylation (which persists for two 
weeks). Although this increase is considered 

an adaptive response to the stress, 
interestingly it is found in the brain of 

depressed pacients, so this fact could be 
considered responsible for the symptoms. 

Covington et al. “2009”. 

Antidepressant Actions of 

Histone Desacetylase 

Inhibitors. The Journal of 

Neuroscience 29(37):11451-

11460. 

Frontal cortex 

• TrkB (tropomyosion-related kinase B) gene presented an increased 
methylation in its promoter. 

• This results in a lower expression of trkB in this area. 

Wernicke’s Area 

• BDNF gene presented increased methylation at the IV promoter of 
the gene. 

• That results in a lower expression of BDNF. 

Inferior frontal gyrus 

• OAZ1 gene presented high levels of H3K3me3 mark, which is a mark 
of open chromatin and leads to an increased expression of OAZ1 in 
the inferior frontal gyrus. 

This studies were  realized from post-mortem brains of individuals that committed suicide. 

Other brain regions 

• Depression is a severe mental disorder which affects large number of people and is directly related with epigenetics. 

• In his revision it is shown that adversities in life or exposure to stress can directly modify via epigenetic changes the expression of key genes in the brain, a fact that could increase certain 

individual’s risk of suffering from clinical depression or other mood disorders. 

• The brain regions and functions that are prone to be modified by epigenetic changes in depression are Hippocampus, the Nac, and the HPA axis. 

• Finally, it is well documented that there are some epigenetic patterns in the brain that could play a protective role from adversities in life, and could made some people more resilient, whereas other 

different patterns could made some people more likely to have depression early or late in life. 

Conclusions 

S B Hake, A Xiao and C D Allis. Linking the epigenetic 

'language' of covalent histone modifications to cancer 

H Sun et al. “2012”. Epigenetics of the Depressed Brain: Role of histone Acetylation 

and Methylation. Neuropsychopharmacology. 38, 124-137. 
H Sun et al. “2012”. Epigenetics of the Depressed Brain: Role of histone Acetylation and 

Methylation. Neuropsychopharmacology. 38, 124-137. 


