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The Dynamic Brain

Neuroscience Lectures for MBT
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1. Cell migration 

and axon pathfinding

Wilhelm His, 1868 
"the cord in between" (Zwischenstrang) 

Neural crest cells are a temporary 
group of cells unique to vertebrates 
that arise from the embryonic 
ectoderm cell layer, and in turn give 
rise to a diverse cell lineage—
including melanocytes, craniofacial 
cartilage and bone, smooth muscle, 
peripheral and enteric neurons and 
glia

Development of  the cerebral cortex

REELIN

from: Utsonomiya-Tate et al. 2000
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Reelin is Expressed in GABAergic 
Neurons in Layers I, II and III of the 

Baboon PFC

Taken from: Rodriguez et al, PNAS 2000, Vol 97, 3550-3555

Mag. = 50,000X

A B C

Electron Micrographs of Reelin-immunostaining
in Thin Sections Taken from Layers I-II of 

Prefrontal Cortex Human Brain with 6 Hours PMI

Integrin Stimulation by Reelin Constitutive Release: 
Putative Modulation of Dendritic 

Resident mRNA Translation

NMDA receptor

AMPA receptor

integrin receptor

reelinInactive DAB1

FAK= Focal adhesion tyrosine kinase

PK= TOR kinase or SRC kinase

CPEB= Cytoplasmic polyadenylation binding element

FAK induced DAB1 adapter  functionPK

GABA
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Reelin modulation
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reelin modulation

PSD

FAK

DAB1

A

P

P-

dendrite dendrite

SP

axon

mRNA

ribosome

axon

DAB1

During modulation
Post-modulation

P
P K

Reelin

Reelin

Glutamate Glutamate

Reelin expression is reduced in prefrontal cortex of 
schizophrenia patients

**p<0.01; ***p<0.001 - ANOVA followed by Bonferroni post hoc analysis
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Can we really model in mouse dissociative thinking?

The endophenotype concept in psychiatry: Gottesman and Gould

The concept of endophenotypes, measurable components unseen by the
unaided eye along the pathway between disease and distal genotype, has
emerged as an important concept in the study of complex neuropsychiatric
diseases. Endophenotypes may be neurophysiological, biochemical,
endocrinological, neuroanatomical, cognitive, or neuropsychological
(including configured self-report data) in nature. This concept has gained
attention especially in the field of complex diseases.

Gottesman, II, Gould TD. The endophenotype concept in 
psychiatry: etymology and strategic intentions. 

Am J Psychiatry 2003; 160: 636-645.

Relnrl/Relnrl mice exhibit an ataxic gait, dystonic posture and tremors starting
around 2 weeks of age. These mutants are incapable of maintaining their
hindquarters upright and often fall over during locomotor activity.

Photo courtesy of Mouse Mutant Resource at The Jackson Laboratory.
http://www.jax.org/mmr/index.html J:110244

Genetic Background

B6C3Fe a/a-Relnrl/J 

Photo courtesy of Mouse Mutant Resource at The Jackson Laboratory.
http://www.jax.org/mmr/index.html J:110244

A: non psychiatric   B and C: schizophrenia Glantz et al 2000

Reduced spine density in prefrontal cortex pyramidal neurons 
of schizophrenia patients

Golgi staining of pyramidal neurons (layer III) 
of wild type (A, C, E) and heterozygous reeler mice (B, D, F)

No. Age/
Sex

Diagnosis Hospital
years

Reaction to methionine **

1 60/F Hebephrenic
Schizophrenia

25 Toxic psychosis followed by acute schizophrenic symptoms

2 46/F Hebephrenic
Schizophrenia

10 Acute Schizophrenia symptoms

3 59/F Schizophrenia 29 Non reactor

4 55/F Schizophrenia 37 Non reactor

5 57/F Schizophrenia 25 Become more suspicious, negativistic and withdrawal.
Manifest persecutory delusion and auditory hallucination

6 51/M Hebephrenic
Schizophrenia

20 Auditory hallucination, paranoid delusion, withdrawal, thought
block, lack of concentration

7 53/M Catatonic
Schizophrenia

16 Marked increase of symptoms

8 55/M Paranoid
Schizophrenia

27 Non reactor

9 58/M Schizophrenia 36 Non reactor

10 51/M Paranoid
Schizophrenia

14 Aggravated

11 49/M Catatonic
Schizophrenia

12 Exaggerated negativism, withdrawal

L-Methionine Induced Aggravation of Schizophrenia Symptoms *

* Summary from  Antun et al. (11).
** 20 g of L-amino acid daily during the first week and 10 g daily during the second week.
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Working hypothesis: 
Methionine epigenetic effect

Strctural analysis of  reelin promoter in mouse
reveals a CpG island

Methionine administration increases 
SAM and SAH in mouse frontal cortex

*p<0.05 vs. VEH

Protracted methionine administration* reduced reelin and 
GAD67 expression in mouse frontal cortex

*MET 6.6 mmol/kg s.c. twice daily 15 days; GLY 13.2 mmol/kg

*p<0.05 vs. VEH

§MET 6.6 mmol/kg s.c. twice daily 15 days
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Protracted methionine administration § increased methyl-H3 
histone content in mouse frontal cortex

Protracted methionine administration § increased reelin 
promoter methylation in mouse frontal cortex

§MET 6.6 mmol/kg s.c. twice daily 15 days
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n = 7, mean ± SE. *p<0.001, Student’s t-test
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Protracted methionine administration facilitates the 
extinction of  the inhibitory reflex induced by the pre-pulse 

(PREPULSE INHIBITION OF STARTLE, PPI) 

MET 6.6 mmol/kg s.c. twice daily for 15 days

Social interaction decreases in methionine treated mice

MET 6.6 mmol/kg s.c. twice daily for 15 days 

*p<0.05

The epigenetic mouse model recapitulates some major 
endophenotypes associated to schizophrenia

VPA prevents schizophrenia-related endophenotypes elicited by 
methionine administration

Thanks for your attention!

REELIN and schizophrenia: a disease at the interface of the genome and the
epigenome. Costa E et al. Mol Interv. 2002 Feb;2(1):47-57.

‘At first, many imperfect connections are 
formed, and many errors of distribution occur 
… But these incongruences are progressively 

corrected.’ 
Santiago Ramón y Cajal, 1928
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They are named after the 
Sanskrit word "netr", which 
means "one who guides." 
Netrins are chemotropic; 
a growing axon will either 
move towards or away from 
a higher concentration of 
netrin. Though the detailed 
mechanism of axon 
guidance is not fully 
understood, it is known that 
netrin attraction is mediated 
through UNC-40/DCC cell 
surface receptors and 
repulsion is mediated 
through UNC-5 receptors. 
Because netrin is so 
influential in the regulation 
of cell death, the gene 
coding for netrin (NTN1) is 
considered to be an 
oncogene.

TAKE HOME MESSAGE:

– CHEMICAL CUES 
GUIDE MIGRATING 

NEURONS AND 
GROWING NERVE 

FIBRES –

1. Cell migration and axon pathfinding

2. Cell death

By the time I was born, more of me had died than survived
Lewis Thomas, 1992

RLV ’40s - repeats experiments: conclude that cell death occurs not
because of lack of a signal that makes them divide and differentiate, 

but because of a lack a signal that promotes their growth.
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BDNF: brain-derived neurotrophic factor
- Memory and synaptic plasticity

NT3 e NT4 (NT5)

A controlled trial of recombinant methionyl human BDNF in ALS: The BDNF 
Study Group (Phase III).

Neurology. 1999 Apr 22;52(7):1427-33.

Results: The study failed to 
show benefit of BDNF treatment 
for the primary end points. 

PD & glial derived neurotrophic factor (GDNF) 

… Systemic delivery is 
ineffective given the inability of 
therapeutic amounts of GDNF to 
penetrate the blood–brain 
barrier. …

Neurotrophic electrode

…the device gets its name from the fact that it is coated with Matrigel and 
nerve growth factor to encourage the expansion of neurites through its tip. 

Philip Kennedy  1996 Roy Bakay 
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Effect of DIM or FLU on the mRNA level of NGF in PC12 cells. 
n=6. Mean±SD. cP<0.01 vs control.

TAKE HOME MESSAGE:

– CELL DEATH IS A 
NORMAL PART OF BRAIN 

DEVELOPMENT –

2. Cell death

3. Synaptic pruning
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i farmaci per la riabilitazione: luci e ombre – Monza 18 Nov, 2011

… 100.000.000.000 …

...while past work has 
focused on the role of 
these cells during 
disease, recent imaging 
studies reveal dynamic 
interactions between 
microglia and synaptic 
elements in the healthy 
brain.
Despite these intriguing 
observations, the 
precise function of 
microglia at remodeling 
synapses and the 
mechanisms that 
underlie microglia-
synapse interactions 
remain elusive...

‘Through experience, the 
brain works to select, 

out of this mass of 
possible circuits, a very 

small subset.’
Jeff Lichtman, 2012
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TAKE HOME MESSAGE:
– THE BRAIN ELIMINATES UNWANTED 

SYNAPSES –

3. Synaptic pruning

4. Neuroplasticity
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long-term potentiation (LTP) is a persistent strengthening of synapses based 
on recent patterns of activity. These are patterns of synaptic activity that 

produce a long-lasting increase in signal transmission between two neurons. 
The opposite of LTP is long-term depression, which produces a long-lasting 

decrease in synaptic strength.

1960s
1981 Nobel Prize

Eleanor Maguire, UCL

The Nobel Prize for physiology or 
medicine has been awarded to three 
scientists who discovered the brain's 
"GPS system".
UK-based researcher Prof John O'Keefe 
as well as May-Britt Moser and Edvard 
Moser share the award.

TAKE HOME MESSAGE:

– LIFE EXPERIENCES REORGANIZE 
THE BRAIN –

4. Neuroplasticity
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5. Adolescence

Adolescence is a uniquely human phenomenon, a period of life 
marked by a peak in risk-taking behaviour. 
New research shows that the brain continues to mature 
throughout adolescence and into early adulthood. 
This results in a prolonged period of plasticity that makes 
teenagers highly vulnerable, but it may also have conferred 
an important evolutionary advantage. 

‘Accelerating the intensity of emotional and 
motivational tendencies … is, metaphorically, 
like revving the engine without a skilled driver.’ 

American psychiatrist Ronald Dahl, 2003
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TAKE HOME 
MESSAGE:

– TEENAGE 
RISK-TAKING 
BEHAVIOUR 
MAY BE AN 

EVOLUTIONA
RY 

ADAPTATION –

5. Adolescence

6. Stress and the brain

The Inflammatory Reflex
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‘It is easier to build strong children 
than to repair broken men.’ 

American social reformer Frederick Douglass, 1849

TAKE HOME MESSAGE:

– PROLONGED STRESS IS TOXIC TO 
THE BRAIN –

6. Stress and the brain

7. The ageing brain
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‘Man when he grows old … can no more learn 
much than he can run much; youth is the time 

for any extraordinary toil.’
Plato, c. 350 BC

Young people run faster, but seniors know the shortcuts
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ApoE

Protective variant for hippocampal atrophy identified by whole exome 
sequencing
An in-silico predicted missense variant in REST (rs3796529) was found 
exclusively in subjects with slow hippocampal volume loss and validated using 
unbiased whole-brain analysis and meta-analysis across 5 independent cohorts.
Ann Neurol. 2015 Mar;77(3):547-52.  

Amyloid precursor protein (APP) A673T mutation in the elderly Finnish 
population.

The A673T variant is extremely rare in US cohorts and does not play a substantial role in risk for AD in this 
population. This variant may be primarily restricted to Icelandic and Scandinavian populations. 

TAKE HOME MESSAGE:
– THE BRAIN COMPENSATES 

FOR AGE-RELATED 
DETERIORATION –

7. The ageing brain


