
Anatomy, Development, Evolution of the Brain

Moses V. Chao
Skirball Institute of Biomolecular Medicine

Depts of Cell Biology; Physiology & Neuroscience; Psychiatry
NYU School of Medicine





The The Neurotrophin Neurotrophin Hypothesis of Depression Hypothesis of Depression 

•  Reduction in BDNF leads to atrophy and
cell loss in the hippocampus and PFC in
depressed subjects

•  Antidepressants counter these effects by
increasing BDNF expression

 Stress/Depression-- Decrease in hippocampal [BDNF]

 New Activities--Increase in hippocampal [BDNF]



Nature 341, 149-152 (1989)





The Classic Hypothesis for Neurotrophic Factors



Survival 

Retrograde signaling

The Classic Hypothesis for Neurotrophic Factors



Neurotrophins and their receptors are absent in C elegans 
and Drosophila melanogaster
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Chromatin      TUNEL

Sympathetic neurons deprived of NGF undergo apoptosis
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The Neurotrophin Receptors
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Neurotrophins: Survival factors with a wide range of activities
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BDNF and Behavior 

Hyperactivity 
Intermale aggresssion

Anxious (light/dark exploration test)

Hyperphagic

Learning deficit (Morris water maze, contextual fear learning)

 BDNF

Increased ETOH intake



Antidepressants that increase BDNF

Serotonin reuptake inhibitors
fluoxetine (Prozac)

paroxetine (Paxil)
sertraline (Zoloft)

citalopram (Celexa)

Tricyclic antidepressants
desipramine (Norpramin)

amitriptyline (Elavil)
imipramine (Tofranil)

Chen et al., Biol Psychiatry, 2001 
Shimizu et al., Biol. Psychiatry 2003





Duman et al., 1998
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The BDNF val66met polymorphism

Met allele associated with poor episodic memory (fMRI)

Met-BDNF-GFP failed to localize to secretory granules or 
synapses

BDNF with Met66 is not processed or secreted normally

Egan et al Cell 112, 257 (2003)



Pezawas et al., 2004

Humans heterozygous for BDNFMet display
decreased cortical and hippocampal volumes



BDNF Val66Met Mice
• Similarity to BDNF +/- mice

– Intermale aggressiveness
– Elevated body weight

Francis Lee

Transgenic BDNFMet/Met mouse

•    Increased anxiety related behaviors
–Open field
–Elevated plus maze



Snyder, 2002



Open Field Test

% time in center

% entries to  center

Quantitation of “anxiety-like” behavior 

WT

Met/Met



hippocampal
memory impairment

Human (Val66Met)

hippocampal volume

Mouse (Val66Met)

hippocampal
memory impairment

hippocampal volume

Pharmacological rescue

anxiety-related 
behaviors



Val66Met polymorphism affects regulated secretion of BDNF

Hippocampal-Cortical Neurons

        BDNFProdomain

Val/Met



BDNFPro
Val→Met

Regulated secretion of BDNF

Bai Lu

HFS

E-LTP



A main function of BDNF in the adult CNS is synaptic plasticity
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NMDARAMPARBDNF-induced glutamate release in the hippocampus
depends upon TrkB receptor and myosin VI
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Post-synaptic mechanisms?
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Trk receptors are implicated with multiple ion channels
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Size = Cognitive function?

Katerina Semendeferi, 2002



Cytoarchitecture of the prefrontal cortex

Working Memory and Executive Functions
The ability to hold several facts in memory
temporarily while performing a task



Prefrontal Cortex Interactions

Matthew & Ho, 2006
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Maturation Trajectories
of Different Cortical Areas
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BDNF Levels During Development

(Katoh-Semba et al, 1997)

Hpc Septum Ctx OB Hyp Striatum Cb

Rats

(Gorski et al, 2003)

Mice - Visual Ctx

(Webster et al, 2002)

Humans - Prefrontal Ctx



BDNF expression in postnatal mouse brain 

Baquet et al., 2004



BDNF receptors in the PFC

Reduced cortical BDNF and TrkB in Huntington’s dementia
(Zuccato et al., 2001; Gines et al., 2006).

BDNF protein immunoreactivity is preferentially found in
pyramidal neurons (Murer et al., 1999)

Decreased BDNF and TrkB in the PFC of schizophrenics
(Hashimoto et al., 2005).

Polymorphisms in the BDNF gene in both schizophrenia and
ADHD (Krebs et al., 2000; Kent et al., 2005).



BDNF is a major factor in the cortex

Huntington’s disease

Schizophrenia

ADHD



Huntington’s Disease Pathology

Trushina et. al (2007)

-HD is 1 of 15 triplet repeat neurodegenerative disease (CAG)

-Expansion occurs at DNA level in exon 1 of Htt gene.

-Normal 6-34 / Disease 36-121

-frequency (European descent) ~ 1/10,000

-Autosomal dominant with complete penetrance

-Late onset: typically 30-50 years of age

-(10-20 years from onset to death)

Q: poly glutamine (polyQ)

P: proline rich domain (PRD)

H: HEAT repeat

Huntingtin protein (Htt)



St. Vitus’s dance

In East Hampton, it was the name people used for the disease,
by the end of the nineteenth century, came to be called “hereditary”
or Huntington’s chorea after the East Hampton-born physician,
George Huntington, who described it in 1872 . . .

Hereditary chorea . . . came on gradually in adulthood, usually
beginning in the fourth decade of life.  It was characterized by 
involuntary movements .  . . as well as progressive cognitive loss
and emotional disturbance. 

Alice Wexler, Chorea and Community in a Nineteenth-Century Town



Baquet et al J Neuroscience 2004

Loss of cortical BDNF--
Decrease in cortical and striatal volumes

Motor dysfunction--limb clasping

Reduction in number dendritic spines of medium spiny neurons

Loss of striatal neurons in old but not young adult Emx-BDNFKO mice





BDNF support to the striatum

Altar et al., 1997; Groenewegen and Uylings, 2000; Zuccato and Cattaneo, 2007

Gauthier L.R. et al Cell. 2004;118:127-138



Axonal transport of BDNF- RFP

10 µm

Katrin Deinhardt
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R. DESCARTES, 1664
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