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Neuroscience Lectures for MBT
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Neural crest cells are a temporary Epidermis
group of cells unique to vertebrates
that arise from the embryonic
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1. Cell migration

and axon pathfinding
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from: Utsonomiya-Tate et al. 2000




Reelin is Expressed in GABAergic

Neurons in Layers |, Il and I of the
Baboon PFC

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

REELIN GADés7
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Reelin expression is reduced in prefrontal cortex of

schizophrenia patients
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**p<0.01; ***p<0.001 - ANOVA followed by Bonferroni post hoc analysis

Electron Micrographs of Reelin-immunostaining
in Thin Sections Taken from Layers I-1I of
Prefrontal Cortex Human Brain with 6 Hours PMI

Mag. = 50,000X

Integrin Stimulation by Reelin Constitutive Release:
Putative Modulation of Dendritic
Resident mRNA Translation

During modulation

Post-modulation

CPEB=Cytoplasmic  polyadenylation  binding clement B OGABA

FAK inueed DAD st focion TR —

T NMDA receptor PK= TOR kinase or SRC kinase Inactive DABL Qeenqe cclin

Criteria for assessm? the validity of animal models of human
nehavioral research

Face validity: perceived resemblance between the animal
model and the situation or process in humans (qualitative)

Predictive validity: accuracy with which the animal model
predicts the course or outcome of the human phenomenon
(empirical)

Construct validity: the extent to which both the animal model
and the human phenomenon can be explained (e.g. in terms
of origin, underlying mechanisms, and function) by the same
theory (theoretical)
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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, I, Gould TD. The endophenotype concept in
psychiatry: etymology and strategic intentions.
Am J Psychiatry 2003; 160: 636-645.
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Reduced spine density in prefrontal cortex pyramidal neurons
of schizophrenia patients

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

Photo courtesy of Mouse Mutant Resource af The Jackson Laboralory.
http://wwwax.org/mmrindex. hmi .

-

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.

Golgi staining of pyramidal neurons (layer III)
of wild type (A, C, E) and heterozygous reeler mice (B, D, F)
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Photo courtesy of Mouse Mutant Resource at The Jackson L

L-Methionine Induced Aggravation of Schizophrenia Symptoms *

No. Age/ Diagnosis ‘Hospital  Reaction to methionine **
Sex years
T GOF  Hebephrenic 25 Toxic psychosis followed by acute schizophrenic symptoms
Schizophrenia
2 46F  Hebephrenic 10 Acute Schizophrenia symptoms
3 59F Schizophrenia 29 Non reactor
4 55F  Schizophrenia 37 Non reactor
5 57F  Schizophrenia 25 Become more suspicious, negativistic and withdrawal.
Manifest persccutory delusion and auditory hallucination
6 5IM Hebephrenic 20 Auditory hallucination, paranoid delusion, withdrawal, thought
S block, lack
7 53M Catatonic 16 Marked increase of symptoms
8 55M Paranoid 27 Non reactor
¥ . r—]R
9 S8M_ Schizophrenia 36 Non reactor l
10 5IM Paranoid 14 Aggravated
11 49M Catatonic 12 Exaggerated negativism, withdrawal

Schizophrenia

* 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.




Working hypothesis:
Methionine epigenetic effect

—

GpC*
Methylated target gene: RELN
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Protracted methionine administration* reduced reelin and
GADyg;, expression in mouse frontal cortex
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#$<0.05 15, VEH

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

Strctural analysis of reelin promoter in mouse
reveals a CpG island

Sequence Name: Reeiin Promoter
Organism: mouse c/some 5

Protracted methionine administration § increased methyl-H3

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

0.5
© 0.4 »
03 Vehicle g B
e 0.2 g; "
A~ 0.1 Methionine . S
0 J by 0
01 100 200 300 400 500 VEH MET
’ Prepulse/Startle Delay (msec)

7 =7, mean  SE. #<0.001, Student’s rtest

VPA prevents schizophrenia-related endophenotypes elicited by
methionine administration

; Alterations
. Reelin
Eeelin and ) of sensory
promoter oo RB"‘h_“ gating and
methylation wRNA protein social
interaction

MET T4 ] |ves

VPA +MET | | «=mp

{ DETOUR

Social interaction decreases in methionine treated mice

#$<0.05
*
100 D
0
VEH MET

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

Social interaction time (sec/10 min)

A Gedoms, MO0

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.

Thanks for your attention!

The epigenetic mouse model recapitulates some major
endophenotypes associated to schizophrenia

B Alterations
. Reelin
Reelin and . of sensory
promater iy Refinoohg and
methylation mRNA protein social
interaction
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o TR Y| ves
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‘At first, many imperfect connections are
formed, and many errors of distribution occur
... But these incongruences are progressively

corrected.’
Santiago Ramén y Cajal, 1928

— Filopodium

Lamellipodium

P domain
Microtubule
Tzone

C domain
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Lateral

T—» Rostral

They are named after the
Sanskrit word "netr", which Types of cell death
means "one who guides."

Netrins are chemotropic;

a growing axon will either 00 o\ Viable cell

° o \ Netrin-1 (+) move towards or away from
A & 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 . .
\ Netrin-1 (-)  coding for netrin (gNTN1) is Apoptosis Autophagy Necrosis
\ considered to be an

oncogene.

Phagocyte

1. Cell migration and axon pathfinding

Apoptosis

TAKE HOME MESSAGE: programmed cell death
— CHEMICAL CUES *  Form of cell death, in which a ‘suicide’ program is activated
GUIDE MIGRATING

within the cell, leading to:
NEURONS AND .

fragmentation of the DNA.
GROWING NERVE + shrinkage of the cytoplasm.
FIBRES — = .

membrane changes and cell death without lysis or damage to
neighboring cells.

(A) B)
Limb bud ablation

Spinal cord section

Ventral
horn

e N
Missing Normal
limb

f 1934: Victor Hamburger discovered
that removal of a limb bud resulted
in reduced numbers of sensory and
motor neurons in the spinal cord.

2. Cell death

RLV '40s - repeats experiments: conclude that cell death occurs not

. " . because of lack of a signal that makes them divide and differentiate,

Byjtheitimsliwaslborn, .more ofime had died than survived but because of a lack a signal that promotes their growth.
Lewis Thomas, 1992
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PD & glial derived neurotrophic factor (GDNF)

3 al cel e—derived neurotrophic
factor in the human putamen

Convective deliv

Paue F. Mogmisos, P!

ussiLL R Losis, M.D, ‘owamp H. Ouosiin, M.D.

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

BDNF: brain-derived neurotrophic factor
- Memory and synaptic plasticity

Neurotrophic electrode

Philip Kennedy > 1996 Roy Bakay

...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.

A controlled trial of r i methionyl human BDNF in ALS: The BDNF % o
Study Group (Phase Ill). L
Neurology. 1999 Apr 22;52(7):1427-33. . .
o pr 22,52(7) Enriched Environment Improves Motor
Function and Increases Neurotrophins

in Hemicerebellar Lesioned Rats

Francesca Gelfo, PhD'?, Debora Cutuli, PhD'”,
Francesca Foti, PhD'”’, Daniela Laricchiuta'’,

Paola De Bartolo, PhD'”, Carlo Caltagirone, MD',
Laura Petrosini, PhD'”, and Francesco Angelucci, PhD'

Probability
& &
FVO% Change From Bascline

2 meg/kg BONK vs. Placebo: p=0.3871
00 100 meg/g BONF vs. Placebo: p=0.270 |

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




INVITED COMMENTARY

Skeletal Muscle Is an Fnds

e Organ

Skeletal Muscle

Proinflammatory
dipokines.
e 2 diabetes melltus)
cardiovascular disease, cancef
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TR T T
Groups Concentration HRNA levell
el L % of coxtrol
Control - 100
DM 10 16849
FLU 10 182£56°

Effect of DIM or FLU on the mRNA level of NGF in PC12 cells.
n=6. MeanSD. cP<0.01 vs control.

Antidepressant
Treatment

Lipolysis of | / + Hepatic glucose Neutrophil
Adipose visceral fat | / production \
o during exercise
¢ 7 subcutaneous{ |
Visceral g | Foliistatin KNSMW‘OS‘S

1115

Cortisol
/ K Lymphocyte

Myostatin | Unknown
exercise
stimulus

+ Lymphopenia

Adipose
browning
=
N VINE
11110
FGF21 182 titira
oxcL1?
L6 Macrophage
Gastrointestinal FSTLA

=4}
.

Pancreas {8 Blood vessel

B _— > )| Promotes

{ & function and
Y ., QL) tInsuin revascularization

taLe ¢ =

DETOUR

Jansihay
\

Brain-Derived Neurotrophic Factor Contributes to Recovery
of Skilled Reaching After Focal Ischemia in Rats

Michelle Ploughman, PhD; V v PhD; Cryst M

J. Doré, PhD: Dale Corbett

ole White, BSc

Methods ense BDNF . which blocks the expression of BDNF (or saline vehicle) was infused into the
contralateral lateral ventricle for 28 days after ischemia. Animals received either a graduated rehabilitation program,
including running exercise and skilled reaching training. which simulates clinical practice, or no rehabilitation.

Functional recovery was assessed with a battery of fests that measured skilled reaching, forelimb use asymmetry. and

foraging ability
DETOUR
—->

2. Cell death

TAKE HOME MESSAGE:
— CELLDEATH IS A
NORMAL PART OF BRAIN
DEVELOPMENT -

3. Synaptic pruning

e oy
MEBV

?jOEEDS [

LITTLE
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N N e = ‘Through experience, the

[ 0 e brain works to select,
¢ Microglia Sculpt Postnatal Neural Circuits in an Activity and out of this mass of
PN Complement-Dependent Manner possible circuits, a very
- Dorothy P Schafer’ Emily K Lehrman'* Amanda O Kavtzman'* Ryuts Koyama' Aln & small subset.”
Gy Flopda Tn thanem shesion lutamte Wity Ry Yamauas*. Richard W Ransomoft. Wehae  Oreenbars Ban A Baes’ Jeff Lichtman, 2012

molecules receptors

...while past work has
focused on the role of
these cells during

studies reveal dynamic
Myosinindiiced interactions between
contractility " y .

microglia and synaptic
elements in the healthy
brain.

&> . L
Despite these intriguing
observations, the

A filopodia B filopodia C spine head D spine recise function of
initiation elongation formation plasticity pre . .
microglia at remodeling
n synapses and the
Pol, Arp2/3 complex ®  profilin + ATP-acti .
| Polymerizingend = P! rofilin actin mechanisms that

Formin (mDia2) ™ Capping protein (Eps8) ®  Profilin + ADP-actin underlie microglia-

@ e >< myosinll ®  ADP-actin synapse interactions
< Cofilin X Actin cross-linking proteins remain elusive...

Visual Synapses Peak at 1 Year of Age

Number of synapses in the
human visual cortex (x1011)

15h

of

sk

g , e . .
» 8 19,7 a%B 11 % m,
K T T

Wit Morifs Years

Age

Major Milestones in Brain
Development
Brain Synapse Formation by Age

(700 synapses per second during the early years)
Language

ry Pathways
on, Hearing)

Higher Cognitive
Function

Gerald Edelman (1978)
- The human genome alone cannot specify the whole complex
structure of the brain

Individual brains are wildly diverse
"Neural Darwinism": application of Jerne's "selectional" theory NEURAL S7 654321 | 1234567801011 | 15 0 s 0
Age in months Ageinyears

of the immune system to the brain DARWINISM Conception Birth One-year old

The brain develops categories by selectively strengthening or

weakening connections between neural groups

Neural groups "compete" to respond to environmental stimuli

- Eachbrainis different because its ultimate configuration
depends on the stimuli that it encounters during its GERALD M. EDELMAN
development




a Grey-matter volume changes during normal development _,
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‘Every man can, if he so desires,
become the sculptor of his own brain.’
Santiago Ramén y Cajal, 1923
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3. Synaptic pruning

TAKE HOME MESSAGE:
— THE BRAIN ELIMINATES UNWANTED
SYNAPSES -

b |

' EXPERIENCE-DEPENDENT PLASTICITY
- Motor skill Greater amounts of
- learning Neuronal-level cortex dedicated to

acquisition changes that skill

- .
RPN Increased motor map

increase in ‘wrist and digit
ment representations on

‘motor cortex map

% "y
representation:
y Dendric_—¢ representations
spine growth ~ srrenciH
\ Axon arborization
4 DAYS
TRARNG 8 ]9 ]10]
Significant Significant increaseiin | Significant expansion of -
skill Synapses per neuron o mover

NEUROPLASTICITY

The Ability of the Brain to Reorganize Itself,
Both in Structure and How It Functions

eﬁ@‘ A{.
o e o

NEUROGENESIS NEW SYNAPSES STRENGTHENED
SYNAPSES

ences
new neural
connections

Two current concepts

Enhancement of existing Formation of new
connections connections

[

Avery active research area; concepts are continully being updated ]

10
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Types of Neuroplasticity

Type Mechanism Duration

1. Enhancement of existing connections

A. Synapse development Physiological ms<to hours
B. Synapse strengthening Biochemical hours to days

2. Formation of new connections
Physiological
Structural

minutes to days
days to months

A. Unmasking
B. Sprouting

Eleanor Maguire, UCL

b, P——
o m o ow o o w w aw
i,
i =
K Er
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I .
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c time as a taxi driver (months)
o @ owm ow m oz e w0
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that first make
people laugh,
and then make
them think

The Ig'Nobel Prizes E
honor research [

 di tempo (mVims)
o
=1
2

0 TEMPO 0 60

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.

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.

Entorhinal cortex

Historical Ba:

@ Until 1970 : brain structure is relatively immutable in

adulthood.

History contd...

@ David Hubel and Torsten Wiesel:

°

Study with kittens

& The experiment involved sewing one eye shut and

recording the cortical brain maps

@ the portion of the kitten’s brain associated with the shut
eye was not idle, as expected. Instead, it processed visual
information from the open eye.

@ “_.as though the brain didn’t want to waste any ‘cortical

real estate’ and had found a way to rewire itself.”

1960s
1981 Nobel Prize

4. Neuroplasticity

TAKE HOME MESSAGE:
— LIFE EXPERIENCES REORGANIZE
THE BRAIN -

11
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5. Adolescence A teenager’s brain
“has a well-developed
accelerator but only a
partly developed
brake.”

Laurence

Steinberg .\
Normative Adolescent Development
urence Steinberg (2007, 2008, 2009)

‘Accelerating the intensity of emotional and
motivational tendencies ... is, metaphorically,
like revving the engine without a skilled driver.”
American psychiatrist Ronald Dahl, 2003

Impulsivity Declines with Age

Sensation-Seeking Declines with Age
Risk-Taking Peaks in Mid-Adolescence
Risk Perception Decreases Then Increases
Future Orientation Increases with Age
Delayed Gratification Increase with Age

Time Spent Problem-Solving Increases with Age
‘The young are heated by nature as

drunken men by wine." Susceptibility to Peer Influence Declines with Age
Aristotle, c. 350 BC

Dynamic mapping of human cortical development

Imbalance Model of the Adolescent Brain

Social-emotional processing network

C Imbalance model
Age 5 Adolescence Age 20

Limbic

Adolescence is a uniquely human phenomenon, a period of life regions

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.

The
AVERAGE

TEENAGE
BRAN

ntal
control reglons

Development

Age

Casey (2015). Beyond simple models of self-control to circuit-based accounts of
adolescent behavior. Annual Rev Psychology 66:6.1-6.25

INSIDE THE ~ Parietal Lobe

TEENAGE BRAIN

Adolescents are prone to
high-risk behaviour

Prefrontal Cortex
Its functions include
planning and reasoning;
grows till 25 years

Amygdala =

Responsible for touch,
sight, language; grows
till early 20s

Ful

Ventral Striatum
Reward centre, not fully
developed in teens

Social C

Emational core for passion, SO »” Hippocampus
impulse, fear, aggre: N

Parent/Caregiver Warmth vs. Hostility * (A)typical Risk-Taking or Impulsivity
Hub of memory and learning; Socialization of Cultural/Family Values « Prosocial vs. Antisocial Behaviors
grows in teens

> Peer Presence vs. Absence + Academic/Job Success vs. Failure
prefront L c Peer Acceptance vs. Rejection « Well-Being vs. Psychopathology

12



5. Adolescence

TAKE HOME
MESSAGE:

— TEENAGE
RISK-TAKING
BEHAVIOUR
MAY BE AN
EVOLUTIONA
RY
ADAPTATION -

Normal

YOUR BRAIN
SHRINKS o

stress

. Prefrontal Cortex and
Stress and the Hippocampus Hippocampus

» Within the Hippocampus, is the dentate gyrus,
a structure which seems to play a role in the
memory of sequences of events

» It has high plasticity and is constantly
producing new neurons, even throughout
adult life.

» Certain types of stress suppress neurogenesis
and cell survival in the dentate gyrus

6. Stress and the brain
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“Vidtence.

emotional numbing
tervention
loose.

The stress-brain loop

cellular changes in
the hippocampus

4 word trding

Stress Shrinks Brain Networks
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Normall SKr(’ss(‘&

|-
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‘Typical neuron—
many connections

Damaged neuron—
fewer connections.

Physical, psychological or environmental

Hypothalamus

9 levels o,

ndincren,
ses Cry &

o
)/ Pituitary Gland
/ o

ACTH
Adrenal Glands

\ R,

ponds

s res
igh

The hypoth:

(reduces CRHf cort

Cortisol L

Stress & the HPA axis

STRESS RESPONSE SYSTEM

/ f:\‘r“r J MU SYSTEM

The Inflammatory Reflex

ealen | Grteplnm
22 - ki
309
MPAFAFNA,

13



‘It is easier to build strong children

than to repair broken men.’
American social reformer Frederick Douglass, 1849

Types of stress responses

POSITIVE TOLERABLE TOXIC

A normal and essential part Response to a more severe Experiencing strong, frequent,

of healthy development stressor, limited in duration and/or prolonged adversity
EXAMPLES EXAMPLES EXAMPLES

getting a vaccine, loss of a loved one, physical or emotional abuse,
first day of school a broken bone exposure to violence

14/10/2024

Possible Mechanisms By Which Microbiota Affect CNS Function:

Adult Hippocampal Neurogenesis: Vagus Nerve:
« Involved in learning and memory || * Conveys peripheral immune
9] status (61]
* Decreased in elderly (s0] +  Essential in the microbiota-brain

Affected by inflammation (s0] pathway (62]

n

1§ lism:

SCFAs and other microbiota-derived molecules affect
metabolism, inflammation, mitochondrial function,
neurotransmitter levels, histone acetylation (8,77)

Immune Activation:

+ Decline in function in elderly (57)

+ Bidirectional communication
between the immune system
and CNS (65)

* Blood brain barrier and

microglia involvement (67,68)

Possible Treatment Strategies:

Decreases anxiety-like behaviour in rats
and humans [s1]

Alters expression of GABA receptors (2]
Alters concentration of fatty acids (s4)

Dietary patterns can modulate brain structure and function
through adult hippocampal neurogenesis (102)

Calorie restriction, intermittent fasting, and dietary fatty acid
concentration can alter cognitive function (102)

Influence on: Influence on:
Weight Gain Neurotransmitters
Bowel Movements ( GUT BRAIN AXIS Stress/Anxiety
Nutrient Delivery Mood
Microbial Balance Behaviour
MicromioTA

4

HPA axis

Bacterial
molecules:

TTT AT
— Neuroendocrine
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6. Stress and the brain
TAKE HOME MESSAGE

— PROLONGED STRESS IS TOXIC TO
THE BRAIN —

7. The ageing brain

14



14/10/2024

a. Young b. Oid-low c. Old-high

‘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

Gray matter volume varies with age

Cognitive changes and “normal” aging
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As we age, the white matter degenerates.
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Abstract

“The hippocampus plays  crucial ole in the formation of spaial memories, and it s thought that adult hippocampal
rogenesis may partcipate in this form of leaming. To better elucidate the relationship between neurogenesis and
spatial learning, we examined both across the entire lfo span of mice. We found that cell prolffration, neuronal
differentiation, and neurogenesis significantly decrease with age, and that there is an abrupt reduction in these
rocesses early on, between 1.5-3 months of age. Afer this, the neurogenic capacily continues to decline steadly.
‘The initial abrupt deciine in adult neurogenesis was paralleled by a significant reduction in Morris Water
performance, however overall learning and memory remained constant thereater. Further analysis of the search
strategies employed revealed that reductions in neurogenesis in the aging brain were sirongly correlated with the
adoplion of spatially imprecise search strategies. Overall, performance measres of leaming and memory in the
Morris Water Maze were maintained at relatively constant levels in aging animals due to an increase in the use of
spatially imprecise search strategies.
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Relative volume of Rt DLPFC

Figure 2.

Pr ive variant for hipp pal 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.

AP AT o ita torsen A mutation in APP protecting against

Terg2 St Alzheimer‘s disease (Jonsson et al., 2012)

Controls > 85y and
normal cognition
Controls >
8sy
Controls

Azheimer's
_ I

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.
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