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Epigenetics of Depression
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Dave Arendt – 28 Jan 2011
Epigenetics and depression: current challenges and new therapeutic options  M Schroeder, MO Krebs, S Bleich, H Frieling 2010 Curr Opin Psychiatry 23: 588-592
1. Symptoms of Depression
a. Anhedonia, hopelessness,  lack of motivation, sleep problems, fatigue, cognitive problems, can’t concentrate, feelings of guilt, feelings of worthlessness
i. Suicide
2. Demographics of Depression
a. Currently depressed = 5% of the US population

b. Depression during lifetime = 20% 

3. Animal Models of Depression
a. Learned Helplessness Models

i. Forced Swim Test

1) Immobility after struggling to swim reflects depressive behavior

a) Lack of motivation

b) SSRIs inhibit immobility

ii. Tail Suspension Test

1) Also Immobility – lack of motivation

b. Motivation / Reward Models
i. Sucrose Preference Test

1) Reduced consumption of sugar water

a) Anhedonia

ii. Social Avoidance

1) Social interaction decreased below normal

iii. Sexual Preference

4. Brain Structural Change
a. Decreased size of hippocampus 

b. Decreased activity of prefrontal cortex (PFC)

c. Amygdalar size – may change

5. Neurotransmitter changes

a. Decreased serotonin (5-HT), dopamine (DA), norepinephrine (NE)
b. SSRIs reverse depression, they increase synaptic 5-HT by blocking reuptake transporter function

i. Takes 6-8 weeks to work

ii. Most SSRIs and most new antidepressants are 5-HT + DA + NE RIs

6. Neurotrophin changes
a. Diminished hippocampal or PFC BDNF is found in depression

b. Enhanced BDNF in VTA and NAc causes depression
7. Stress changes

a. Depression slows the stress response of the HPA axis
i. HPA = hypothalamo-pituitary-adrenal axis

1) CRF →+ ACTH →+ cortisol (F)

b. Dexamethasone suppression test

i. Administration  of Dex (synthetic glucocorticoid) should produce negative feedback and reduce plasma levels of CRF and ACTH

1) Depressed patients exhibit blunted negative feedback

2) CRF and ACTH are not reduced

c. Reversal of HPA delayed responsiveness and blunted negative feedback are required for remission of depression

8. Epigenetics

a. Modifications to DNA that influence gene expression

i. Methylation and/or acetylation

9. Methylation of DNA
a. Direct methylation and de-methylation  of DNA

b. DNA methyl transferase (DMT), DNA demethylase

c. DMT adds methyl groups to cytosine at CpG sites

i. Inhibits gene expression

1) Increases helical coiling of the DNA, reduces availability of gene sites

ii. DDM enhances gene expression

d. Methyl cytosine binding protein (MeCP)
i. Binds methylated cytosine

ii. Further repression

10. Histones bind to DNA

a. Methylation of Histones

i. Histone methyltransferase (HMT) adds methyl groups

ii. Typically inhibits DNA expression

1) Methylation of Lysine 9 or 27 on histone tail inhibits DNA expression

2) But methylation of Lysine 4 activates DNA expression

b. Demethylation via histone demethylase (HDM) reverses inhibition

c. Acetylation of Histones  enhance DNA expression

i. Histone Acetyltransferase (HAT) add acetyl groups

ii. Reversed by Histone Deacetylase (HDAC)

11. Epigenetic changes are heritable
Justin Smith – 16 September 2011
Lasting epigenetic influence of early-life adversity on the BDNF gene  Tania L Roth, FD Lubin, AJ Funk, JD Sweatt 2009 Biological Psychiatry 65: 760–769
1. BDNF mRNA (exon IX) in prefrontal cortex is depressed in adult mice maltreated as pups by their stressed mothers 
a. Maltreatment does not affect hippocampal BDNF mRNA
i. Hippocampal BDNF is up-regulated, but not by maternal abuse

b. Exon IX has large CpG sites

c. Exon IV encompasses the transcription start site for CRE

i. Stimulates neural activity-dependent BDNF gene expression

ii. Dynamic methylation of IV → BDNF expression during development and stress

d. maltreated of pups were stepped on, dropped, dragged, actively rejected, roughly handled by their mothers
2. DNA methylation of PFC exon IX is increasingly evident over developmental time
a. More methylated and less unmethylated: ↑ postnatal PN day 8 → ↑↑PN30 → ↑↑↑PN90 

b. Methylation of exon IV in PFC is evident by PN90

3. DNA cytosine methylation of PFC exon IV on PN90 occurs at CpG 1, 2, 4, 5, 8 , 9, 11, 12

a. CpG 1 is located in CRE, and CpG 2 is close to the CRE

b. CpG 1 and 2 are the most highly methylated

4. methylation inhibitor →↓ methylation of BDNF exon IV
a. Zebularine = DNA methylation inhibitor

5. Demethylation rescued reduced exon IV BDNF mRNA in maltreated mice
a. Rescued total BDNF mRNA 

b. Exon IV and IX BDNF mRNA were increase with methylation inhibition

6. Increased DNA methylation of BDNF exon IV is inherited by the pups of maltreated mice

a. Methylation of CpG sites 1, 12 of BDNF exon IV in PFC are inherited
b. Methylation of CpG sites 2 of BDNF exon IV elevated in hippocampus are inherited

i. Cross-fostering maltreated 2nd generation pups partially rescues hippocampal CpG 2 methylation 

7. behavioral observations indicate that females with history of maltreatment displayed significantly more anxiety
Torrie Rasumssen – 23 September 2011
Social isolation stress induces ATF-7 phosphorylation and impairs silencing of the 5-HT5B receptor gene T Maekawa, S Kim, D Nakai, C Makino, T Takagi, H Ogura, K Yamada, B Chatton, S Ishii 2010,
The EMBO Journal 29: 184-195
1. Chromatin
a. Nucleosomes

i. DNA wrapped around histones

ii. Histones are proteins that are associated with nucleic acids

iii. Modified by epigenetic processes

b. Euchromatin – unwound – can be transcribed

c. Heterochromatin – genes silenced

i. Euchromatin →  Heterochromatin → gene silencing

ii. Constituitive

1. Repetitive

2. Forms centromeres and telomeres

iii. Facultative

1. Location dependent

2. Silencing via histone methylation, miRNA, siRNA, RNAi

3. Sensitive to developmental & environmental signals 

4. Passed on throughout cell lines
2. Epigenetic processes

a. DNA methylation
i. methyl group to the cytosine represses transcription
b. Histone Modification
i. Methylation, acetylation, phosphorylation change how tightly packed
c. Histone Variants
i. Different types of histones can be more or less permissive to transcription
d. Chromosomal Arrangement
i. Distal regions brought together to interact via 3D structure
3. Histones – 5 histone classes

a. H2A, H2B, H3, H4

i. Core histones = 8 of these together

ii. DNA wraps around the core

iii. Each core histone has a tail = 8 tails / core

iv. Histone variants also influence transcription

b. H1and H5

i. Linker

ii. Binds DNA entry and exit

c. Histone nomenclature reveals interactions

i. Begin with histone name (H2A, H2B, H3, H4)
ii. Then add the amino acid abbreviation (lysine = K) and its position in the amino acid sequence

1. e.g. H3K9

iii. then add the type of modification

1. methylation = m or me

2. acetylation = ac

3. phosphorylation = p

4. e.g. H3K9m

iv. and how many m, ac, or p groups are added

1. e.g. H3K9m3

d. Post-translational (post transcription factor?) modifications

i. At the histone tail or core

ii. Methylation, acetylation, phosphorylation

4. Methylation
a. Most stable post-transcriptional modification – patterns of me are maintained
b. Can occur via transcriptional repressors
i. e.g. H3K27 PRC2 complex – contains E2H2 – mammalian methylase 

c. demethylation – via demethylase
i. e.g. MLL complex: JMJD3 & UTX enzymes - catalytic structure domain JmjC
d. HMT = histone methyltransferase

1. ESET = Erg associated protein with a SET domain
2. ESET converts H3K9m2 → H3K9m3

3. SET = Su(var)3-9 Enhancer of Zeste Trithorax
5. Acetylation

a. HAT = histone acetyltransferase

i. Typically leads to activation or euchromatin structure

b. HDAC = histone deacetylase

6. Phosphorylation
7. ATF7-/- mice bury more novel objects = ↑ anxiety
a. ↑ Acoustic startle response = ↑ anxiety

b. ↓ Pre-pulse inhibition (PPI)

c. ATF = Activating Transcription Factor, in the ATF-CREB family of transcription factors
i. Includes ATF2, ATF7 and CREBP

ii. Has Stress activated protein kinase (SAPK) phosphorylation site
1. Phosphorylated by p38 (a MAP K), and JnK

iii. ATF7 found in cortex, hippocampus, cerebellum, brainstem

d. No difference in open field test, EPM or FST
8.  ATF7-/- mice → ↑ 12X 5-HT5B receptor gene (Htr5B) expression in dorsal raphé
a. 5-HT5B is an autoreceptor – upregulation leads to 5-HT ↓ synthesis or release
i. Found in the raphé 

b. WT mice do not typically express Htr5B
i. ATF7 actively inhibits Htr5B expression in WT raphe
ii. 5-HTT  ATF7 inhibition leads to increased Htr5B expression
c. Methiothepin, a 5-HT5B receptor inhibitor  → normalized behavior in ATF7-/- mice
9. ATF7 binds directly to the CRE in the 5-HT5B gene
a. Binds nowhere else, ATF2 does not bind CRE

10. ATF7 knock down (kd) cells → ↑ Htr5B expression… but → ↓ H3K9m3 CRE binding
a. More trimethylation in CRE of Htr5B
b. Also reduced H3K9m3 in 1+ region and 2nd exon
11. ↑ ESET in the CRE of Htr5B
a. ATF7 + ESET bind together at CRE of Htr5B 
b. ESET HMT trimethylates → ↑ H3K9m3 on CRE of Htr5B → ↑ repression of Htr5B gene 
12. Stress → ↑TNFα → ↑ p38 → ↑ pATF7 → ATF7 + ESET leave the Htr5B promoter
a. ↓ ATF7 + ESET → ↓ H3K9m3 → ↑ Htr5B mRNA
13.  Isolation Stress → ↑p38 → ↑ pATF7 + ↓ATF7, ↑ Htr5B mRNA, ↑axiety
Dave Arendt - 30 September 2011
Reduced function of the serotonin transporter is associated with decreased expression of BDNF in rodents as well as in humans R Molteni, A Cattaneo, F Calabrese, F Macchi, JDA Olivier, G Racagni, BA Ellenbroek, M Gennarelli, MA Riva 2010,  Neurobiol Disease 37: 747-755
1. 5-HTT knockout (KO; 5-HTT-/-) rats exhibit increased depressive and anxious behaviors
a.  5-HTT-/- rats → ↓ sucrose preference, → ↑ immobility in forced swim test, → ↓ open arm on EPM

b. 5-HTT inhibitor in neonatal rats (wk 1-4) produces depressive behavior

c. 5-HTT inhibitor in adult rats reduces depressive behavior

2. 5-HTT-/- rats have depressed BDNF gene expression (exon IX mRNA)  in hippocampus and prefrontal cortex (PFC)
a. Rats heterozygous for 5-HTT (5-HTT+/-) in PFC also have moderately reduced BDNF exon IX mRNA
b. 5-HTT inhibitor (fluoxetine = SRI) → ↑ BDNF mRNA in wild-type rats

c. 5-HTT inhibitor does not affect BDNF mRNA in 5-HTT-/- rats,  BDNF mRNA stays low

d. 5-HTT inhibitor given to neonatal rats → ↓ BDNF mRNA in adult rats

3. 5-HTT-/- rats also have depressed BDNF mature protein (mBDNF) in hippocampus
a. proBDNF is not statistically reduced in hippocampus in 5-HTT-/- rats (mean is lower)

4. 5-HTT-/- and 5-HTT+/- rats have depressed proBDNF protein in PFC
a. More reduction in proBDNF in 5-HTT-/- than 5-HTT+/-
b. No change in mBDNF

5. 5-HTT-/- rats have reduced exon IV and VI mRNA transcripts in hippocampus and PFC 
a. 5-HTT+/- rats also have reduced IV mRNA in PFC  

6. DNA CpG methylation is enhanced on promoter VI in PFC of 5-HTT-/- rats
a. No effect on methylation of promoter IV

7. Histone 3 (H3) acetylation is reduced on promoter IV in PFC of 5-HTT-/- rats

8. 5-HTT-/- rats → ↓ Gadd45β in PFC
a. Growth arrest and DNA-damage-inducible factor 45β demethylates CpGs on DNA (activates gene)

b. Gadd45β → ↑ BDNF gene expression
9. Stressful life events promote depression, especially in people with 5-HTT promoter mutations with a short allele
a. Humans with s/s alleles have the greatest possibility of depression when following multiple stressful life events

i. More stressful life events → ↑ the possibility of depression

b. People with l/s alleles have a greater possibility of  depression following stress than those with l/l alleles 

c. 5-HTT promoter gene (5-HTTLPR) can have short mutation and single mutations (rs25531) in the long allele replacing adenine (la) with guanine (lg)

10. Humans with 5-HTT gene promoters mutations s or lg have reduced leukocyte BDNF mRNA

a. 5-HTT gene promoters mutations la/lg, lg/s, and s/s → ↓ BDNF mRNA

Li Hao – 7 October 2011

The effects of repeated social defeat on long-term depressive-like behavior and short-term histone modifications in the hippocampus in male Sprague–Dawley rats 

F Hollis, H Wang, D Dietz, A Gunjan, M Kabbaj 2010, Psychopharmacology 211: 69–77
1. Histone acetylation → ↑ access the promoter region
a. For RNA polymerase and transcription factors

b. H3 acetylation → ↑ BDNF Transcription
c. H4 acetylation → ↓ fos Transcription 

2. Social Defeat → ↑ behavior associated with depression
a. Defeat → ↓ latency to immobility and → ↑ time of immobility in forced swim test

b. Defeat → ↓ social investigation; → ↑ social avoidance
i. No ∆ in investigation of empty cage

ii. No ∆ in open field locomotion

3. Social Defeat → ↑ fear behavior
a. Defeat → ↑ freezing in the context of the social defeat

b. Long lasting: ↑ context freezing after 4 and 6 weeks

4. Social Defeat → ↑ H3 acetylation in hippocampus

a. Increasing hippocampal H3 acetylation from 30 min – 24 h

i. Hippocampal H3 acetylation returns to normal by 72 h

b. Transient acetylation

c. No ∆ in H3 acetylation in amygdala or dPFC

5. NMDA inhibition  → ↑ hippocampal H3 acetylation
a. No effect of social defeat: but defeated animals have a higher mean H3 acetylation
6. GR inhibition  → no ∆ in hippocampal H3 acetylation
Andrew Bubak – 13 October 2011
Antidepressant-like effect induced by systemic and intra-hippocampal administration of DNA methylation inhibitors AJ Sales, C Biojone, MS Terceti, FS Guimarães, MVM Gomes, SRL Joca 2011 Brit J Pharmacol  doi: 10.1111/j.1476-5381.2011.01489.x
1. DNA methyltransferase inhibitor delivered systemically reduces depressive behavior
a. Stress → ↑ DNA methylation → gene repression →  ↓ hippocampal BDNF

b. DNMT inhibitor = 5-azaD (5-aza-2’-deoxycytidine); specifically @ 0.4 mg/kg
c. DNMTi = 5-azaC (5-azacytidine); specifically @ 3.2 mg/Kg
i. 5-azaC and 5-azaD incorporate into DNA

ii. 3 injections 
d. Similar  effects to the antidepressant imipramine (tricyclic antidepressant)
e. Reduced immobility in the forced swim test

i. Pretest (15 min forced swim) → 24h test → (5 min forced swim)

ii. No ∆ in locomotory behavior in the open field test

2. Single acute systemic injection of DNMTi (5-azaD) also reduces depressive behavior
a. Effective immediately after or 5h after pretest measured 24 h later at 2nd test

3. Systemic 5-azaD → ↓ methylated cytidine (near 0)
4. Systemic 5-azaD → ↑ BDNF in hippocampus

5. Intrahippocampal 5-azaD → ↓ depressive behavior (immobility to FST)
a. Intrahippocampal RG-108 → ↓ depressive behavior (immobility to FST)

i. RG-108 interacts with the DNMT1 active site, does not incorporate

ii. 5-azaD @ 200 nmol/ μl; RG108 @ 400 nmol/ μl

6. DNMTi drugs (5-azaD) were equally effective on rats and mice (immobility to FST)

a. Also reduces depressive behavior in mice using the tail suspension test

b. Reduces locomotion in mice but not rats

Andy Luxon – 21 October 2011

Epigenetic status of Gdnf in the Ventral Striatum Determines susceptibility and Adaptation to daily stressful events S Uchida, K Hara, A Kobayashi, K Otsuki, H Yamagata, T Hobara, T Suzuki, N Miyata, Y Watanabe 2011, Neuron 69: 359–372
a. chronic mild stress produces decreased GDNF mRNA in ventral striatum (NAc)
b. tricyclic antidepressant produces → ↑ BDNF mRNA in hippocampus, amygdala, PFC
i. tricyclic antidepressant = imiprimine
ii. imip → ↑ VEGF mRNA in hippocampus, ventral striatum, and PFC
iii. imip → ↑ NT3 mRNA in amygdala
iv. imip → ↑ IGF1 mRNA in amygdala
c. chronic mild stress = 3 stress regimes

i. diurnal stress – 2 of 5 stressors/day: cage tilt, small cage, paired housing (social stress), soiled cage (water in cage), odor
ii. nocturnal stress – difficult food access, cage tilt, permanent light, soiled caged
iii. reversal of photoperiod 
2. chronic mild stress → ↓ Gdnf mRNA and GDNF protein in stress-susceptible mice in vStriatum and dStriatum
a. reversed by antidepressant 

b. BALBc is the stress susceptible mouse strain
c. B6 wild type mouse strain

3. GDNF levels in NAc is positively correlated with antidepressant behavior
a. Depressive behavior = ↓ sucrose preference (anhedonia), ↓ social interaction, ↑ immobility in force swim, ↑ 
4. Overexpression of Gdnf  in NAc → ↓ depressive behavior
a. → ↑ social interaction,  → ↑ sucrose preference in depression-susceptible mice (BALB)

b.  Only → ↑ social interaction in depression resistant mice (BC6)

5.  in depression-susceptible mice ↓ H3 acetylation of the Gdnf promoter after chronic mild stress

a. depression resistant mice → ↑ H3 acetylation of the Gdnf promoter after chronic mild stress

6. H3K4 activation trimethylation of the Gdnf promoter is → ↓ in susceptible and resistant mice after chronic mild stress

a. H3K27 repressive methylation is → ↓ in depression-resistant mice
7. HDAC2 mRNA and protein  → ↑ NAc in susceptible mice after chronic mild stress
a. Antidepressant → ↑ HDAC4 and HDAC5 in NAc

i. Antidepressant → ↓ HDAC6, HDAC7 and HDAC10 in NAc

b. No effect in hippocampus

c. No effect in depression resistant mice

8. Chronic mild stress → ↑ HDAC2 binding to Gdnf promoter in depression-susceptible mice
a. Reversed by antidepressant

b. No effect in depression-resistant mice

9. HDAC inhibitor → ↓ depressive behavior in depression-susceptible mice after chronic mild stress 

a. HDAC inhibitor = SAHA suberoylanilide hydroxamic acid: delivered ip

b. SAHA → ↑ social interaction time and sucrose preference, → ↓ latency to novelty feeding and forced swim immobility
c. HDAC inhibitor → ↑ Gdnf mRNA NAc after chronic mild stress

d. No effect of antidepressants imi or fluoxetine

10. Dominant-negative of HDAC2 → ↑ Gdnf mRNA, ↑ social interaction time, and ↑sucrose preference
11. Overexpression of de-nitrosylated HDAC2 in depression-resistant mice → ↓ Gdnf mRNA, ↓ social interaction time, and ↓ sucrose preference
a. Nitrosylation of HDAC2 reduces its function, by inducing its release from chromatin promoting translation

12. in depression-susceptible mice chronic mild stress → ↑ DNA methylation at the 2nd CpG site of the Gdnf promoter in NAc
a. wild type mice also have methylated CpG 2

b. wild type mice (B6) have → ↑ DNA methylation of CpG 2 in hippocampus

13. chronic mild stress → ↑ MeCP2 binding to Gdnf promoter in susceptible and resistant mice
a. reversible by antidepressant in susceptible mice

b. MeCP2 = methyl CpG binding protein
14. ↑ MeCP2-HDAC heterodimer is bound to Gdnf promoter following chronic mild stress in depression-susceptible mice increasing methylation
a. No effect on in hippocampus
b. No effect in depression-resistant mice

15. DNA methyltransferase inhibitors → ↓ DNA methylation of Gdnf CpG site 2 → ↑ Gdnf mRNA, ↑ social interaction, ↑ sucrose preference, and ↓ latency to feed in novel conditions, ↓ immobility in forced swim

a. DNMTi = zebularine and RG108

16. ↑ MeCP2-CREB heterodimer is bound to Gdnf promoter following chronic mild stress in depression-resistant mice decreasing methylation

17. binding of different MeCP2 complexes (i.e., MeCP2-CREB and MeCP2-HDAC2) to the methylated CpG site on the Gdnf promoter may be a causal mechanism for the induction and repression of GDNF expression in the NAc of depression-susceptible and resistant mice [image: image1.png]A 50 bp
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James Hassell – 28 October 2011

Regulation of histone acetylation in the hippocampus of chronically stressed rats: a potential role of sirtuins CL Ferland, LA Schrader 2011 Neuroscience 174: 104–114

1. Chronic variable stress → ↓ acetylation of H4K12 histones in CA1, CA3, and DG of the hippocampus
2. Stress → ↓ phospho-acetylation of H3K9S10 histones in CA3, and DG

3. Stress → class I/II HDAC inhibitor → ↑ acetylation of H4K12 histones in hippocampus
a. 4 classes of histone deacetylases (HDACs)

i. Class I = HDAC 1, 2, 3, 8
ii. Class II = HDAC 4-10
1. Na butyrate = class I/II HDAC inhibitor

iii. Class III = Sirtuins
1. Sirtinol = class III HDAC inhibitor
iv. Class IV = HDAC 11
4. Stress → ↑ HDAC5 in CA1
a. But not in CA3 or DG

5. Class III HDACi → ↑ acetylation of H4K12 histones in hippocampus in chronically stressed rats
a. Class III HDACi → ↑ phospho-acetylation of H3K9S10 histones in hippocampus in chronically stressed rats

6. Chronic stress → no ∆ Sirtuin 1 protein (↑ in CA1?)
a. Chronic stress → ↑ sirtuin 1 activity in CA3 and DG

b. Stress → ↓ p53 acetylation
Deb Perkins-Hicks – 4 November 2011

Maternal care and DNA methylation of a glutamic acid decarboxylase 1 promoter in rat hippocampus T-Y Zhang, IC Hellstrom, RC Bagot, X Wen, J Diorio, Michael J Meaney 2010 

Journal of  Neuroscience 30: 13130 –13137
1. Schizophrenic patients have ↑ methylation of the GAD1 promoter → ↓ glutamic acid decarboxylase (GAD) in the hippocampus
2. Offspring of rat mothers that show ↓ licking and grooming → ↓ GAD1 mRNA in hippocampus
a. ↓ GAD1 expression as juveniles and adults
b. Long lasting effect

3. ↑ licking and grooming → ↑ NGFI-A at the GAD1 promoter immediately after nursing
a. But not after 25 minutes away from the dam

i. Immediate effect

b. NGFI-A = nerve growth factor inducible factor A

4. 5-HT → ↑ GAD1 expression in hippocampal cell culture

5. 5-HT → ↑ GAD1 mRNA in hippocampal cells overexpressing NGFI-A in vivo
a. NGFI-A siRNA blocks the 5-HT-induced ↑ in hippocampal GAD1 mRNA

6. GAD1 promoter has a NGFI-A binding cites at the 12th and 13th CpG regions

a. Mothers showing low licking and grooming → ↑ methylation of the CpG sites in the GAD1 promoter
b. Mothers showing low licking and grooming → ↑ DNMT1 mRNA in hippocampus

7. Mothers showing low licking and grooming → ↓ acetylation of H3K9 at the hippocampal GAD1 promoter
a. In offspring of dams showing low licking & grooming → ↓ acetylation of → ↓ NGFI-A

8. Maternal attention (licking, grooming, nursing) stimulates ↑ hippocampal  5-HT, GR (glucocorticoid receptors), NGFI-A, and GABA synthesis (GAD1) → ↑ post-stress negative feedback responsiveness in offspring when they become adults 
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Justin Smith - 2 December 2011

Antidepressant treatment is associated with epigenetic alterations in the promoter of P11 in a genetic model of depression PA Melas, M Rogdaki, A Lennartsson, K Björk, H Qi, A Witasp, M Werme, G Wegener, AA Mathé, P Svenningsson, C Lavebratt 2011, Int J Neuropsychopharmacol doi:10.1017/S1461145711000940
1. P11 [image: image3.png]


 is a protein that is linked with depression
a. in humans: ↓ levels in post-mortem brain tissues of depressed individuals

b. animal models: P11 KO mice display a depression-like phenotype
i. tricyclic antidepressants, SSRis, MAOi, and ECT → ↑ P11 expression
ii. P11 interacts with 5-HT receptors: especially 5-HT1B 
1. P11 is highly expressed in hippocampal GABAergic interneurons that highly express 5-HT1B and 5-HT4 receptors

iii. Overexpression  of P11 gene in NAc of mice reverses depressive behavior

c. P11 aka S100A10, 42C, calpactin I light chain, anexin II light chain

i. S100 family of small acid EF-hand (hlh) proteins with Ca++ binding sites

1. P11 is Ca++ independent

d. functions in intracellular trafficking of transmembrane proteins to cell surface
2. 2 main methylation enzymes in brain in adults: DNMT1, DNMT3A
a. Another, DNMT3B is present in brain during embryogenesis – is important for neurogenesis

b. DNMT1, DNMT3A maintain methylation in adult brain

c. Decrease gene expression by methylating CpGs

3. rats can be bred for susceptibility or resilience to depression
a. Flinders Sensitve Line (FSL) show behavioral depressive traits, and cholinergic, serotonergic, dopaminergic, NPY, and circadian rhythm models of depression

b. FRL rats are resistant to depression

4. Baseline PFC ↓ P11 mRNA and protein in FSL rats

5. Androgen receptors (AR, Ar gene) influence depression
a. ↓ Androgens are associated with depression
i. Ar mRNA transcriptionally down-regulated in postmortem brains of depressed individuals
ii. ARE in the CRF gene promoter is a repressor transcription  
b. FSL PFC P11 ARE → ↑ methylation

i. FSL P11 ARE → ↑ methylation  reversed by escitalopram (Lexapro; SSRI)

ii. ARE = Androgen Response Element = AR binding site

6. Escitalopram (Lexapro; SSRI) → ↑ P11 expression in PFC of both FSL and FRL rats

7. FSL → ↑ DNMT1 mRNA in PFC
a. Antidepressant → ↓ DNMT1, DNMT3A mRNA

8. FSL → ↓ GADD45b in PFC
a. GADD45b has demethylase activity in the brain

Dave Arendt – 9 December 2011

Paternal transmission of stress-induced pathologies DM Dietz, Q LaPlant, EL Watts, GE Hodes, SJ Russo, J Feng, RS Oosting, V Vialou, Eric J Nestler 2011 Biological Psychiatry 70: 408–414
1. Socially defeated males (fathers) exhibit behaviors associated with depression 
a. ↑ Social avoidance from of a novel mouse

i. ↓ proximity to novel mouse

b. 10 days of social defeat for 10 minutes a day

i. Remainder of the day in proximity, but not contact, with the aggressive male

2. Approximately half of socially defeated are susceptible to depressive behavior
a. Slightly less than 50% of socially defeated mice are resilient to depression
i. Still spend most time in proximity to novel mouse

3. ♂ Offspring of defeated ♂mice (fathers) show social avoidance to submaximal social defeat

a. Submaximal defeat = 3X 10 min defeat (with 15 min rest) on one day
i. Susceptibility or resilience of the defeated father does not make a difference

1. Offspring are still susceptible to acute defeat and depressive behavior

b. Submaximal defeat will NOT produce social avoidance in mice whose fathers were not defeated

4.  susceptibility to depressive behavior is heritable
5. Offspring of defeated fathers show anxiety, anhedonia, and despair
a. ♂ offspring of defeated fathers exhibit ↓ open arms in EPM (anxiety), ↑ locomotion in novel exposure (anxiety), ↓ sucrose preference (anhedonia), ↓ latency immobility in forced swim test (despair)
b. ♀ offspring of defeated fathers only exhibit ↓ open arms in EPM, ↓ latency immobility in forced swim test

6. ♂ offspring of defeated fathers exhibit ↑ basal plasma corticosterone  and ↓ basal plasma VEGF (vascular endothelial growth factor
a. ♀ offspring of defeated fathers show no ∆

7. ♂ and ♀ ivf offspring of defeated fathers only exhibit despair 
a. No ∆ in  offspring

b. Despair  = ↓ latency immobility in forced swim test

8. Not all epigenetic changes associated with depression and anxiety are delivered via genetic material in gametes
9. Some epigenetic changes associated with depression are delivered via genetic material in gametes
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