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Dave Arendt  – 22 January 2010

NMDA receptor activation induces differential epigenetic modification of Bdnf promoters in hippocampal neurons Feng Tian, AM Marini, RH Lipsky 2010 Amino Acids ?:  ??-??
1. BDNF is a neuropeptide trophic factor
a. Made in brain and muscle
i. Also found in the circulation

b. Receptors are the tropomyosin related kinase type – specifically TrkB
i. Receptors in CNS, heart, lungs, kidney
ii. Activates 2nd messenger
iii. Activates genes

2. Exercise and Learning can stimulate increased BDNF
a. Synaptic activity, NMDA, L-VSCC, Ca++ stimulate BDNF synthesis
b. BDNF stimulates genes that promote LTP
i. Enhance receptor trafficking and cytoskeletal structure

1. Delivers AMPA receptor subunits

ii. increased branching and spine density
3. BDNF gene: many mRNAs – but only one protein

a. 9 exons

i. 1-8 each have promoters

1. Produce multiple (18) mRNAs

2. Non-coding mRNA
ii. The only coding portion is found in exon 9

iii. Promoters I and IV are activity dependent

b. Humans have 10 exons

i. 9 promoters

4. Epigenetics
a. heritable changes in genome function without change in DNA sequence
b. histones on DNA
i. acetyl groups added = acetylation activates genes

1. HAT = Histone Acetyltransferase

2. HDAC = Histone Deacetylase

ii. methyl groups = methylation = repress gene activity

1. HMT = Histone Methyltransferase

2. HDM = Histone Demethylase

iii. MeCP2 – anchors repressor enzymes to histone

c. DNA can also be methylated at the cpg sites
5. NMDA given to hippocampal cells (cultured) stimulates BDNF exon 1 and 4 transcription
a. BDNF exon 1 mRNA increased 60X in 12h

i. Rapid, bigger and more sustained mRNA activity

b. BDNF exon 4 mRNA increased 22X in 6h

i. Smaller more brief mRNA expression

6. Inhibition of  HDAC1 caused increases in BDNF exon 1 and 4 mRNAs
a. Greater, longer increase in exon 1 than exon 4 mRNA

b. TSA inhibits HDAC

7. HDAC1 binds to 2 sites on BDNF exon 4 and 1 site on exon 1

a. NMDA stimulates release of HDAC1 from the BDNF exon 1 proximal pm51 site

i. Lasts 3 h

ii. But not the distal pm9 site

b. NMDA also stimulates release of HDAC1 from BDNF exon 4 pmS4 site
i. Lasts 12 h

8. NMDA causes releas of MeCP2 from BDNF exons 1 and 4
a. Slowly from pm51 and pm9 sites on exon 1

b. Rapidly from pmS4 on exon 4

Maneeshi Prasad – 29 January 2010

Changes in alternative brain-derived neurotrophic factor transcript expression in the developing human prefrontal cortex
 Wong J, MJ Webster, H Cassano, CS Weickert 2009 European Journal of Neuroscience 29:  1311–1322
1. BDNF in the human brain
a. Alternative promoters

i. Humans: 11 exons, 10 promoters (1-VIIIh), 1 open reading frame (IX; ORF)
1. Promoters = I, II, III, IV, V, Vh, VI, VII, VIII, VIIIh (h = human)

a. In the 5’UTR (5’ = upstream or beginning; UTR = untranslated region)

2. ORF is translated into preproBDNF protein

a. ORF ends with a 3’UTR (3’ = tail or downstream DNA) 

ii. Differential sub-cellular localization

iii. Differential mRNA stability

b. BDNF mRNA with long 3’UTR are localized in dendrites

i. Long 3’UTR carries signal for transport to dendrite
ii. BDNF mRNA with short 3’UTR is restricted to the soma

iii. UTR transcription regulated separately

c. hBDNF gene also has 5 translational start sites (ATG)

i. similar to TATA box to start RNA Polymerase II binding sites

d. Mature BDNF protein stimulates neurogenesis, growth and differentiation of neurons and synapses, LTP, learning
i. BDNF binds TrkB receptor

1. TrkB+ includes the tyrosine kinase catalytic domain 

2. TrkBTK- is truncated which does not have Tyr kinase
a. BDNF binds TrkBTK- on astrocytes with high affinity

b. TrkBTK- sequesters and redirects availability of BDNF

c. Astrocytes increase in number with age

d. TrkBTK- mRNA is reduced with age 

ii. proBDNF stimulates LTD

1. proBDNF binds p75NTR (NTR = neurotrophin receptor)
2. BDNF transcription in dlPFC is greatest for promoters I, II, IV, VI
a. Dorsolateral prefrontal cortex (dlPFC) is the last region of the brain to develop
i. Including myelination
ii. Significant postnatal development

iii. Significant connectivity to other regions of PFC

1. Such as mPFC

iv. Makes connections to other regions (hippocampus, ACC, insular ctx…) indirectly via the mPFC

b. Transcripts I-X, IV-IX, and VI-IX BDNF mRNA are greatest in infant dlPFC

i. Neonate levels were lower than older infants

ii. What are prenatal BDNF mRNA levels

c. Transcript II-IX for BDNF mRNA is greatest in toddler dlPFC

d. BDNF promoter IV is associated with formation of inhibitory synapses in the cortex
e. All 4 transcripts found in greatest expression in deeper layers of the dlPFC

i. Layer I: no expression at any age group
ii. Layer II: moderate expression
iii. Layer III: robust expression in neonates
iv. Layer IV/mid cortical layer: lower expression
1. Slightly higher expression in older people due to projections from layers V and VI

v. Layer V and VI: intense expression of BDNF mRNA
3. Mature BDNF and proBDNF proteins in dlPFC were also highest in infants and toddlers
a. And lowest in young and older adults
i. Similar to mRNA trascripts
Justin Smith – 5 February 2010
Deficit in BDNF does not increase vulnerability to stress but dampens antidepressant-like effects in the unpredictable chronic mild stress  Ibarguen-Vargas Y, A Surget, P Vourc’h, S Leman, CR Andres, AM Gardier, C Belzung 2009 Behav Brain Res  202: 245–251
1. BDNF gene can have a mutation at locus point 66
a. Valine (Val) is replaced by methionine (Met)
i. Val66Met
ii. Valine in position 66 is normal

1. Val/Val = normal, Val/Met = heterozygote, Met/Met = mutant
2. Met mutation in human BDNF gene exhibited attenuated HPA activity
a. Salivary cortisol (F) rises less in Val/Met and Met/Met during stressful event

i. Stressful event is public speaking

ii. No increase in F at the beginning of the speech (15 min)
iii. Smaller increase in F by the end of the speech (25 min)
iv. Cortisol response was shorter

3. Met mutation in hBDNF gene exhibited attenuated cardiovascular responsiveness

a. Demonstrates reduced autonomic reactivity in Val/Met & Met/Met humans
b. Autonomic reactivity is less in Met hBDNF mutants at 25 min end of the speech

4. Val/Met and Met/Met mutants self report more nervousness

a. At 15 and 25 minutes

5. BDNF+/- heterozygous knockout mice produce half the concentration of BDNF protein in hippocampus

a. exhibited blunted antidepressant-like responses to forced swim test
b. display hyperphagia and obesity

c. display hyperactivity

d. display aggressiveness

e. exhibit neither anxiety- nor depression-like behaviors
6. Unpredictable Chronic Mild Stress (UCMS) in BDNF+/- and BDNF+/+ mice were not different in anxiety, aggression, and depressive-like behavior
a. UCMS = Bedding ∆, predator feces, cage tilting or shaking, cage exchange, poke, altered circadian cycles in a randomized order

b. Anxiety: Novelty Suppressed Food Intake test

i. Food is delivered in a novel place

1. On a white platform in the middle of a novel arena

ii. Imipramine treatment reduced anxiety in both BDNF+/+ and BDNF+/- mice

1. Tricyclic antidepressant: affects 5-HT, NE, DA

2. Increases histone acetylation of the BDNF gene

a. of promoters III, IV, and V

3. Decreases HDAC5
c. Aggression: Resident Intruder test

i. Imipramine treatment reduced aggression in the BDNF+/+ mice

1. Reduced but not significant in BDNF+/-
d. Depression: TST tail suspension test

i. Latency to immobility when suspended by the tail from a rod
ii. Imipramine reduced depression-like behavior in BDNF+/+
1. Reduced but not significant in BDNF+/-
e. No ∆ in normal food intake

f. Coat quality is diminished by UCMS in both BDNF+/+ and BDNF+/- mice
7. Corticosterone levels are lower in BDNF+/- 

8. BDNF mRNA levels are reduced in BDNF+/- by half

a. Imipramine doubles the expression of BDNF mRNA in BDNF+/- and BDNF+/+ mice

b. Imipramine-induced doubled BDNF mRNA in BDNF+/- mice equals normal BDNF mRNA levels

9. Val66Met (G196A) mutation in humans may modify antidepressant response similar to BDNF+/- mice

a. However BDNF-/- mice do not survive, but BDNFVal/Val mutants do survive

Kristi Tschetter – 12 February 2010

Maternal deprivation induces a rapid decline in circulating leptin levels and sexually 2 dimorphic modifications in hypothalamic trophic factors and cell turnover M-P Viveros, F Díaz, B Mateos, N Rodríguez, JA Chowen 2010 Horm Behav doi:10.1016/j.yhbeh.2010.01.009
1. BDNF exon 1 & 4 mRNA transcripts are restricted to cell soma
a. BDNF exons 2 and 6 are located in dendrites

2. Translin translocates the 2 or 6 transcripts to the dendrites
a. by binding with Trax to guanine (G) nucleotide at 178 and 196 position of the mRNA

i. Tanslin/Trax binds G196 and G178
1. G196 and G178 are found in the BDNF coding region
b. Replacing G (guanine) with A (adenine) at 196 (G196A or Val66Met for protein) the Translin/Trax binding is limited

i. therefore translocation to the dendrite is inhibited

ii. G196A (Val66Met) mutation is associated with axiety, depression, feeding disorders, OCD, biopolar disorder, asthma, alterations in episodic memory
c. G196A = Val66Met disrupts dendritic BDNF functioning 
3. BDNF delivered in a small single dose → ↓ depression-like behavior

a. Delivered by alginate microspheres
b. BDNF stimulates sprouting of survival of serotonergic neurons and enhanced 5-HT function

i. the effect of BDNF → ↓ depression-like behavior may be due to 5-HT activity
c. BDNF delivered over a longer period → no ∆ in depression

i. Delivered by EVAc matrices
ii. High dose-longer duration BDNF can be neurotoxic 
d. Porsolt swim test for testing depressive behavior
4. sustained exposure to BDNF may interfere with its antidepressant-like effects
5. Maternal Deprivation (md) inhibits hippocampal BDNF mRNA levels in male rat pups
a. No clear hypothalamic BDNF mRNA reduction in female rat pups

i. Increased ♀ BDNF mRNA 36h after maternal deprivation (12h after return to mom)

b. Hypothalamic IGF1 mRNA ↓ at 24h md and ↑ at 36h/12h post in ♂ and ♀
i. No ∆ in IFG1R

c. Plasma corticosterone ↑ in ♂ and ♀ at 12, 24, and 36h
d. Leptin is ↓ in ♂ and ♀ at 12, 24, and 36h

i. Leptin receptors ObR ↑ in ♂ and ♀ at 12, 24, and 36h

e. Hypothalamic GFAP ↑ in ♂ during development and is ↓ after md

6. BDNF synthesis is modulated differentially depending on sex following Maternal Deprivation stress

a. Also true for corticosterone and GFAP

7. BDNF activity can be modulated by neural location/translocation (translin) of BDNF mRNA to dendrites vs soma, mutation at the G169 nucleotide (Val66Met); duration, concentration, and brain region of BDNF protein, and sex
Sharleen Yuan – 19 February 2010
BDNF induces late-phase LTP of C-fiber evoked field potentials in rat spinal dorsal horn Zhou L-J, Y Zhong, W-J Ren. Y-Y Li, T Zhang, X-G Liu 2008 Experimental Neurology 212: 507–514
1. BDNF can stimulate long-term potentiation (LTP)
a. Early phase LTP (eLTP)
i. Independent of protein synthesis
ii. Associated with transmitter release and sensitization, receptor trafficking, un-silencing synapses 
1. AMPA trafficking
iii. lasts up to 3 h

1. eLTP duration is variable

b. Late phase LTP (lLTP)
i. Protein synthesis involved
ii. Associated with new synapse formation

iii. Lasts over 3h

c. Pain stimulates LTP in dorsal horn nociceptive connections 

2. Pain stimulates elevated BDNF protein levels

a. Increased immediately during pain stimulus

i. But BDNF remains elevated during recovery from pain

b. Glu rises immediately

i. But also returns to normal as soon as pain ends

c. Substance P (SP) also rises immediately

i. Remains elevated during recovery

3. BDNF stimulates LTP in spinal cord dorsal horn C fibers
a. Two types of nociceptive (pain) axons
i. 1st pain Aδ fibers
ii. 2nd pain C fibers

b. BDNF-induced LTP is blocked by TrkB inhibitors
i. BDNF binds TrkB receptors – inhibited by K252a (drug) or TrkB-Fc (IgG sponge)
4. High frequency stimulation of LTP in C fibers is not BDNF dependent

a. HFS is often used in hippocampus to produce LTP

b. HFS does not mimic the effect of C fiber firing

5. Low frequency stimulation of LTP in C fibers is BDNF dependent
a. LFS did produce eLTP but lLTP is blocked by TrkB inhibitors

b. LFS is more physiologically relevant, similar to C fiber firing

6. BDNF-induced LTP requires protein synthesis

a. Blocked by anisomyosin

b. Blocked eLTP and lLTP

7. BDNF-induced LTP requires NMDA receptors

a. Blocked my MK801

b. Blocked eLTP and lLTP

8. BDNF-induced LTP requires NFB
a. NFB is a transcription factor, regulates immune system, and long lasting synaptic plasticity

b. Blocked by PDTC

c. NFB is induced by BDNF-TrkB activity

d. NFB induces BDNF transcription

9. eLTP cannot inhibit (occlude) BDNF-induced lLTP
a. but lLTP blocks BDNF-induced lLTP

b. lLTP is dependent on BDNF
10. BDNF-induced LTP is dependent on ERK and P38MAPK
a. Not dependent on  JNK-MAPK

11. BDNF in dorsal spinal cord is capable of enhancing pain reception and sensitivity and potentially produces hyperalgesia and allodynia
Stacy Zeigler – 5 March 2010
Abnormal aBDNF processing in human narcolepsy with cataplexy  S Schwartz, A Ponz, R Poryazova, E Werth, P Boesiger, R Khatami, CL Bassetti 2008 Brain 131: 514–522

1. BDNF → TrKB → MEK → ERK → RSK2 → ↑ phosphoylation of CREB on Ser133
a. CREB also activated by CaMK2&4 and PKA
i. CREB binds to CRE on DNA
ii. CREB/CRE elements are present in BDNF promoters

b. BDNF in female ♀ prelimbic prefrontal cortex (PL PFC) ↓ after chronic stress
c. Not acute stress

d. No ∆ in CREB or pCREB in acute and chronic  stress in hippocampal CA1, CA2, CA3, dorsal anterior cingulated (dAAC), in infralimbic cortex (ILA), amygdala (LA, BLA, pBLA, pMeA), and paraventricular thalamus (PVT)
2. ↑ BDNF in  ♀ dentate gyrus (DG) after acute stress (not chronic)
3. BDNF does not ∆ following acute or chronic stress in males ♂

a. No BDNF ∆ in DG or PL PFC

i. Basal BDNF is higher in ♂

b. ↓ pCREB in acute and chronic  stress in hippocampal CA1, CA2, CA3
i. ↓ CREB in acute and chronic  stress in CA2
c. Chronic stress → ↓ pCREB in dAAC

d. No ∆ in CREB or pCREB following stress ILA 

e. ↓ pCREB in acute and chronic  stress in amygdala (LA, BLA, pBLA, pMeA)

f. ↓ pCREB in acute  stress in PVT

Amanda Henke – 26 March 2010

Protective effects of neurotrophic factor–secreting cells in a 6-OHDA rat model of Parkinson disease O Sadan, M Bahat-Stromza, Y Barhum, YS Levy, A Pisnevsky, H Peretz, A Bar Ilan, S Bulvik, N Shemesh, D Krepel, Y Cohen, E Melamed, D Offen 2009 Stem Cells and Development 18: 1179–1190
1. BDNF reduced in the substantia nigra (SN) of Parkinson’s Disease patients
a. Parkinson’s Disease 
i. Develops after loss of dopaminergic cells in SN
ii. Reduced DA in SN and striatum
1. Neuromelanin (DA pigment) loss
iii. Increased glial cells in SN
1. Lewy bodies

iv. Symptoms include bradykinesia and resting tremors
b. DA neurons coexpress BDNF in SN and VTA cell bodies

i. DA/BDNF coexpression in cortical terminals

2. BDNF-/- mice have reduced striatal tyrosine hydroxylase (TH) – a DA synthetic enzyme
a. These BDNFKO mice also have reduce TH in SN, but not VTA
3. BDNFKO also have motor deficits

a. Show clutching behavior
b. Reduced rotorod performance (balance and 
4. BDNF, VEGF and GDNF are secreted by bone marrow stem cells (MSC)
a. MSC can be induced to secrete more BDNF (NTF-SC)

b. MSC differentiate to DA neurons, astrocytes, oligodendrocytes
i. MSC stimulate neurogenesis in DG

c. MSC secrete nestin, neuron-specific enolase, β3-tubulin 

d. Subpopulation of MSC is derived from neural crest

e. migratory

5. NTF-SC secrete more BDNF and GDNF than MSC
6. BDNF/GDNF secreting NTF-SC infused into 6-OHDA treated striatum show greater [DA]
a. And greater striatal TH activity

b. 6-OHDA is a selective DA neurotoxin
c. NTF-SC and MSC are less sensitive to 6-OHDA in vitro

d. Striatal NTF-SC infusion protects from amphetamine motor hyperactivity

i. Unilateral 6-OHDA produces turning hyperactivity

e. NTF-SC infused into striatum migrate along corpus callosum
i. Past lesion site, anterior in SN
Abby Suelflow – 9 April 2010
Brain-derived neurotrophic factor (BDNF) overexpression in the forebrain results in learning and memory impairments C Cunha, A Angelucci, A D'Antoni, MD Dobrossy, SB Dunnett, N Berardi, R Brambilla 2009 Neurobiology of Disease 33: 358–368
1. BDNF is released in 2 ways

a. Constituitive secretory pathway

i. Smaller amounts, constant release

b. Regulated secretory pathway

i. majority of release

ii. Intracellular cleavage
2. proBDNF is cleaved to mature BDNF by plasmin or BMPs

a. proBDNF binds more to P75 neurotrophin receptors (P75NTR)

i. P75NTR  → NF-kB and → RhoA-GTP and → JnK

b. mBDNF binds more readily to TrKB
i. TrKB has tyrosine kinase elements as a part of the intracellular domain

ii. TrKB → PI3K→Akt and → PLC→IP3→Ca++→PKC and → RAS→ERK/MAPK
c. plasminogen → tPA  → plasmin
3. BDNF receptors TrKB promote cell survival, and P75NTR stimulate apoptosis
a. TrKB stimulates LTP
i. Early LTP = eLTP dependent on BDNF/TrKB
1. Requires protein phosphorylation

ii. Late LTP dependent on BDNF/ TrKB
1. Requires protein synthesis

2. Requires plasmin and tPA (proteases)

b. P75NTR stimulate LTD
4. BDNF expression is increased by learning tests

a. Morris water maze, radial arm maze, passive avoidance, contextual fear condition

b. BDNF or TrKB gene ablation results in learning impairments

5. mBDNF transgenic over-expression resulted in decreased retention of memory and learning in the Passive Avoidance task
a. learning deficits in both short- and long-term memory

b. deficits in both acquisition and consolidation

i. deficit in forming and stabilizing the memory

c. longer term memory deficits last up to 10 days

6. BDNF over-expression learn spatial and instrumental memories less efficiently

a. Slower learning and more errors

i. In radial arm and Morris water mazes

b. BDNF over expression resulted in less time in platform quadrant MWM probe trials 

c. No differences in latency to complete the radial arm maze task (find the food)

7. BDNF over-expression produces better learning in response to positive than negative stimuli 

8. Too much BDNF over a long time results in learning impairments

a. Learning and memory deficits in spatial and instrumental memory tasks

b. Increases anxiety behavior

c. More spines in BLA
Tori Collins – 16 April 2010

Brain-derived neurotrophic factor drives the changes in excitatory synaptic transmission in the rat superficial dorsal horn that follow sciatic nerve injury VB Lu, JE Biggs, MJ Stebbing, S Balasubramanyan, KG Todd, AY Lai, WF Colmers, D Dawbarn, K Ballanyi, PA Smith 2009 J Physiology 587.5: 1013–1032
1. Chronic nerve injury causes release of  BDNF from microglia in the dorsal root ganglion
a.  Nerve injury can be modeled by chronic constriction injury
i. Of the sciatic nerve
ii. CCI → ↑ neuron excitability in the dorsal horn
iii. CCI → central sensitization
2. ↑ [BDNF] → CCI-like symptoms
a. BDNF & CCI produce similar electrophysiological signature
b. Sequestration of BDNF decreases pain 
3. BDNF → ↑ amplitude and ↑ frequency of RD (excitatory neuron) sEPSCs 

a. CCI also ↑ amplitude and ↑ frequency of RID sEPSCs
4. BDNF → ↓ amplitude and ↓ frequency of TIC (inhibitory neuron) sEPSCs

a. sEPSC = Spontaneous excitatory post synaptic current

b. CCI → ↓ frequency of TIC (inhibitory neuron) sEPSCs

5. BDNF → ↓ amplitude and ↓ frequency of GAD+ (inhibitory neuron) sEPSCs
6. BDNF → ↑ amplitude and ↑ frequency of GAD- (excitatory neuron) sEPSCs

7. BDNF → ↑ amplitude of Ca++ current 

a. Ca++ current stimulated by K+
b. ↑ peak height and ↑ area under the curve
i. # of channels vs how long they are open

c. Medium from activated microglia also ↑ amplitude of Ca++ current

d. aMCM → ↑ amplitude of Ca++ current is blocked by TrKB antagonist TrkB-d5
e. the action of activated microglia is mediated by BDNF
f. BDNF → ↑ amplitude of Ca++ current even in the presence of a GABAA antagonist 
i. disinhibition of  excitatory response?
ii. GABAA antagonist has no effect on Ca++ current

g. ↑ amplitude of Ca++ current is a glutamatergic response

i. ↑ Ca++ current blocked by AMPA and NMDA antagonists (CNQX and AP5)

ii. duration of Ca++ current ↑ by Glu reuptake inhibitor (DHK)

8. Similar pattern of BDNF/CCI effects may reflect increased contribution of AMPA receptors
9. Long-term exposure to microglial (& other) BDNF increases overall dorsal horn excitability
10. Long-term BDNF → ↑ central sensitization → ↑ neuropathic pain

Torrie Rasmussen – 23 April 2010
Repeated stress prevents cocaine-induced activation of BDNF signaling in rat prefrontal cortex Fumagalli F, L Caffino, G Racagni, MA Riva 2009, European Neuropsychopharmacology 19: 402–408 
1. BDNF is made in the ventral tegmental area (VTA) and prefrontal cortex (PFC)
a. BDNF can be anterogradely transported to the nucleus accumbens (NAc)
i. BDNF bound TrKB receptors are internalized (endocytosis)
1. Internalized BDNF/ TrKB can be moved along cytoskeletal

ii. BDNF can also be retrogradely transported
2. Cocaine stimulates increased BDNF in NAc
a. Cocaine also  stimulates phosphorylation of TrKB in NAc 
3. In the absence of NAc TrKB sensitization of cocaine reinstatement is blocked
a. Blocking TrKB with a dominant negative TrKB with no phosphorylation sites

i. dnTrKB 

4. TrKB- in NAc also blocked conditioned place preference to cocaine

5. BDNF/TrKB action in NAc enhances addiction and relapse

6. BDNF infused into the PFC-OFC attenuates cocaine seeking

a. BDNF in OFC reduced context, cue and cocaine stimulated cocaine seeking

7. BDNF in OFC reduces cocaine-stimulated levels of Glu
a. OFC Glu potentiation of NAc is reduced

b. OFC BDNF infusion restores cocaine-reduced pERK levels in NAc

8. Stress potentiates drug seeking and relapse behaviors

9. Cocaine stimulates increased BDNF mRNA in PFC 
a. Chronic stress inhibits the cocaine-induced BDNF mRNA increase in PFC

10.  Cocaine stimulates increased TrKB expression (mRNA) and TrKB in PFC

a. Chronic stress inhibits the cocaine-induced TrKB mRNA & TrKB protein increase in PFC

b. Chronic stress inhibits the cocaine-induced ERK1&2 increase in PFC

c. Chronic stress inhibits the cocaine-induced ARC expression in PFC

11. Stress stimulates drug seeking, use and relapse due to reduced BDNF, TrKB and ERK in PFC following cocaine use
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