Neuroscience Lectures for MBT
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(A) Monkey at rest

Amirror neuron is in a resting state

b’

(8) Grasping execution

(©) Observation of grasping movements

Amirror neuron fires

e

(No electrical signals)

1996

| predict that mirror neurons will
do for psychology what DNA did

for biology
Vilayanur S. Ramachandran, 2000
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the Neurobilogy of Empathy
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Neurons that shape civilization
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Prefrontal Cortex (PFC)

* Recent phylogenetic development

« Delayed ontegenetic maturation
(complete development 20-24 years
old).

* Most relevant age-dependent
modifications: volumetric involution
and WML (“frontal aging hypothesis™)

A child with autism -or- an autistic child?

The reality of Autism..
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Polar PFC: metacognition
(putting oneself into another’s shoes)

Theory of Mind (ToM), empathy, humor

o 145230

The frontal lobes are necessary for ‘theory of
mind’ )

Doid . S Gordon G, Gallep, 9 2 Michae P Abrandr'

Neural correlates of feeling sympathy
Jean Decety"*, Thierry Chaminade ™"

Nature Reviews | Neuroscience
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AUTISM SPECTRUM DISORDER

o

HIGH-FUNCTIONING AUTISM SEVERE AUTISM
AUTISM
LEVEL2 LEVEL3
LEVEL1 Needs substantial support Needs very substantial
Needs support Patient's social and support
Patient’s social and communication skills and Patient’s social and
communication skills and repetitive behaviors are still communication skills and
repetitive behaviors are only obviousto the casual observer, repetitive behaviors severely
noticeable without support. even with support n place. impair dailylife.




1. Mirror Neurons
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TAKE HOME MESSAGE:
— Brain cells that
“reflect” the actions
of others —

Caenorhabditis elegans
Ao

5,000 connections
1970s-1986

2. The Connectome

‘You are your connectome’
Sebastian Seung, 2011

Syncytium or Network... or both?

Download Data



Diffusion Tensor Imaging of the Brain

-DTI -

Diffusion in brain tissue

+ Differentiate between tis: sed on the diffusion (random
motion) of water molecules within them
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2. The Connectome

TAKE HOME MESSAGE:
— A COMPLETE WIRING
DIAGRAM OF THE BRAIN -
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3. Embodied cognition

Traditionally, the brain is thought of as
the master controller — generating
thoughts and actions by converting
abstract representations of the world
into commands for the body.
According to a new theory, however,
thoughts and behaviours are not
produced by the brain alone, but are
the result of dynamic interactions
between the brain, the body and the

environment.
Costandi. 50 Human Brain Ideas You Really Need to
Know.

THE EXTENDED MIND THEORY (EMT)

The extended mind

ANDY CLak 8 DAVID CHALMERS
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‘Where does the
mind stop and the
rest of the world
begin?’

‘Bodily states and action
underlie cognition.’

American cognitive scientist Lawrence

Barsalou, 2008

‘The body ... serves to impress notions of external
objects ... and to recall and connect them interiorly ...
[It] is indispensable for thinking.’

Immanuel Kant, 1755

Hill looks steeper wearing a backpack
Holding a warm drink, people rate others as
more warm and friendly than w/cold drink
Faster to respond 'yes' when pushing lever,
faster to respond 'no' when pulling it

Right handed people view things more
positively on the right side and vice versa
More likely to recall positive experiences
when moving marbles up into box than
when moving them down

Bodily maps of emotions

Lawr Nummenmas™~, Enrico Glerean’, Ritta Hari™", and Jari K. Histanan®

it

Anger Fear Disgust Happiness Sadness Surprise Neutral

119194

Emotions coordinate our behavior and physiological states during
survival salient events and pleasurable interactions. Even though
we are often consciously aware of our current emotional state
such 23 anges or happiness, the mechanisms giving rise to these
subjective sensations have remained unresolved. Here we used
3 topographical seif-report 100l (o reveal that different emo
tional states are associated with topographically distinet and
culturally universal bodily sensations; these semsations could
underfie our conscious emotional experiences. Monitoring the
topography of emotion-triggered bodily sensations brings forth
a unique tool for emotion research and could even provide a
biomarker for emational disorders.

3. Embodied cognition

TAKE HOME MESSAGE:
—THE MIND IS A
PRODUCT OF BRAIN,
BODY AND OUTSIDE
WORLD INTERACTIONS -




4. Bodily awareness

Who am |, and how did | come to be who | am?

Self-identity is a complex phenomenon that consists of multiple components,
including personality, memory and sexual and national identity.

At the core of the self is something that most of us take for granted — the
body, and our awareness of it.

‘Body am | entirely, and nothing
more; and soul is only the name

of something about the body.’
Friedrich Nietzsche, 1883

Somatoparaphrenia

«When an individual denies ownership of alimb, or part of
their body

+ Sometimes believes tht the limb belongs to someone else
« Related to body integrity identity disorder (81ID)

* May cause the person to desire amputation

1998 Matthew Botvinick and Jonathan Cohen describe the rubber hand illusion

@

Parietal Lobe

A portrait of
Henry Head,
the pioneering
English
neurologist
who first
defined and
used the term
"body
schema".
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Hormones & ANS: the HRV

the Anorexic Continuum

ECG records were analyzed according to

time-domain methods (ie., related to the 2%
variability of beat-to-beat, or NN intervals) 175 | . ;
and to frequency-domain methods. For time- 15y . .
domain, the following variables were
assessed: (1) SDNN, the standard deviation ~ '**
of NN intervals; (t2) SDANN, the standard 190 |
deviation of the average NN intervals; (t3) 75 *
rMSSD, the square root of the mean squared g, .,
difference of successive NN; (14) pNNSO,
numbers of pairs of adjacent normal beat l"
3

o
W Hy-FHA
NFHA
ClcTrL
(NN) intervals differing by more than 50 ms MSS!
(NN50) given as the percentage of the total SDNN D pNNSO - SDANN
number of NN intervals. For frequency
domain, spectral analysis was performed by x| B e s c
fast Fourier transformation and two frequency B
components assessed:  (f1) LF, low g . 4
frequency, and (f2) HF, high frequency; o 3
moreover, (f3) the LF/HF ratio (LFHFT) was  1s00. N st
calculated. 1o B
o ' ‘
o o
3 HE LFHFr

Bomba M. et al. Heart rate variabilty in functional hypothalamic amenorthea and anorexia nervosa adolescent patients. Fert Sterl. 2012-51
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1964 Hans Kornhuber and Lider Deecke
identify the readiness potential

1983 Benjamin Libet et al. report that the
readiness potential precedes awareness of the
intention to move

. ! .

‘ v
Time (rilliseconds)

4. Bodily awareness

TAKE HOME MESSAGE:
— AWARENESS OF THE
BODY IS CRITICAL TO
THE SENSE OF SELF -

2007 Patrick Haggard et al. discover the brain’s veto power
2008 Researchers predict choices from brain activity up to 10
seconds before actions

2010 Study shows readiness potential can be detected
regardless of which decision is made

2011 Neurosurgeons identify motor cortical neurons that are
activated up to 1.5 seconds before the will to act

Free Will vs. Free Wont

Voluntary ‘We feel we choose,
Brain signal Desire to move Movement but we don’t.’
[ I copover ] )
- Patrick Haggard, 2011

Halfa second

Libet (1989)

5. Free will

Do not dream about
things you can
not reach yourself;
your highest achievement
is freedom, it
can not make
you beautiful, rich,
strong or happy
in the eyes
of the world,
but can set
you free

v S—

There are several causes related with the distinct subtypes of
alien hand syndrome that appear to be assaciated with specific
distributions of associated brain injury.

They are :- «Damage to Corpus callosum
*Unilateral or bilateral injury to brain’s frontal lobe
sDamage to the posterolateral parietal lobe
and/or the occipital lobe of the brain

Stanley Kubrick 1964 Dr Strangelove
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Progranulin Leu271LeufsX10 is ¢

mutations world:

of the most common FILD and CBS associated

ABSTRACT

Mutations in the progranulin gene (PGRN) are a major cause of frontotemporal lobar degeneration (FILD). Herein
we estimated the contribution of the PGRN Leu271 LeufsX10 mutation to FILD and related disorders in the Brescia
cohort. The PGRN Leu271LeufsX10 mutation was found in 31% of corticobasal syndrome (CBS), 29% of
frontotemporal dementia with motorneuron disease (FTD-MND), 15 of behavioral variant frontotemporal
dementia (FID), 9.5% of primary progressive aphasia (PPA), 25 dementia with Lewy bodies and 0% of progressive
supranuclear palsy and multiple system atrophy cases. The prevalence strongly increased in familial forms (75%
CBS, 50% FTD-MND, 27% FID, 18% PPA): in our cohort thi onisa major di for FTLD-related
disorders with a prominent motor component. MAPT haplotype was demonstrated to be a disease modifier in
PGRN Leu271LeufsX10 carriers: in H1H2 subjects the disease onset was eariier than in H2H2 individuals.
Sequencing of the whole PGRN gene disclosed a previously described mutation (<2T>C, Met1X) and three novel
ones (¢.709-3; c1011delG, His340ThifsX21; €1021C>T, CIn341X) in single families. In the Brescia cohort, while
MAPT mutations have low prevalence, mutations in PGRN were shown in 28% of familial FILD and 75% of familial
CBS cases. The PGRN Leu271LeufsX 10 mutation becomes one of the most common mutations worldwide, since it
was identified in 28 patients belonging to 27 unrelated families.

© 2008 Elsevier Inc. Al rights reserved.
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Progranulin Resolves Inflammation

[T —

SCIENCE

The Growth Factor Progranulin Binds
to TNF Receptors and Is Therapeutic
Against Inflammatory Arthritis in Mice

Wei Tang, "% ¥1 Lu,"* Qing-Yun Tian,'* Yan Zhang," Feng-in Guo,'} G
Nabeel Muzattar Syed," Yongibe Lal" Edward Atan Lin," Li Kong,' Jeftrey
AlHao Ding,* Alesandra Zania-Thorov,” Michael L. Dustin,” Jian Tao,* Joseph €
Zhinan Yin," Jan Q. Feng,” Staven B. Abramson,” Xiu-Ping Yu” Chuse-ju Lis"**s

8 P 20,008
¥ P<0.001
" ; Pl
Loss of function mutations in the progranulin .
gene are related to pro-inflammatory cytokine i
dysregulation in frontotemporal lobar § :
degeneration patients !
=3 =
. 1
ol
HC___ FTLD-PGRN. FTLD-PGRN

Tounder effect and estimation of the age of the Progranulin Thr272fs
mutation in 14 Ttalian pedigrees with frontotemporal lobar degeneration

Barbara Borroni®'#, Cristian Bonvicini™', Danicla Galimberti®, Lucio Tremolizzo?,

Alice Papetti”, Silvana Archetti®, Marinella Turla', Antonella Alberici®, Chiara Agost

Enrico Premi, Iidebrando Appollonio”, Innocenzo Rainerof, Carlo Ferarese?,
Massimo Gennareli™", Elio Scarpini®, Alessandro Padovani®
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TAKE HOME MESSAGE:
— FREE WILL MAY BE
AN ILLUSION -




6. Sex differences

FEMALE BRAIN

PARKING

MALE BRAIN

DRIVING
SKILLS

LISTENING s

@D,

WOMEN
CoNTROL
e
C~—
ASK FOR
DIRECTIONS _ avorp
PERSONAL
QUESTIONS

CAR FIXATION TALKING

DRIVING
SKILLS
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The Brain—is wider than the Sky—
For—put them side by side—

The one the other will contain J.-
With ease—and You—beside—

The Brain is deeper than the sea—
For—hold them—Blue to Blue—

The one the other will absorb—

As Sponges—Buckets—do—

The Brain is just the weight of God—
For—Heft them—Pound for Pound—
And they will differ—if they do—

As Syllable from Sound

Brain of male

—Emily Dickinson

Sagital
plane

Key:
I Varmillary region
I Tuberairegion
[ Supreoptic region
I Preopiic region

Intermediate mass
of thalamus.

Dorsomedial
fucleus
Posterior
hypothalamic
nucleus
Ventromedial

Mammillary
body

Neuroendocrine interface
- SCN: circadian ryhthms

- Vasopressin (ADH) + Oxytocin

- -releasing hormones (RH)

- Sympathetic control

__— Corpus callosum
Paraventricular
nucleus

Lateral preoptic
nucleus

Medial preoptic
nucleus

A
hypothalamic
Arcuate ! o
‘nucleus A ‘Suprachiasmatic
P i
Infundioulum Supraoptic nucleus.
Optic chiasm ‘Optic (1) nerve

e

-

the “cuddle hormone”
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Studies have looked at oxytocin's role
in various behaviors, including orgasm,
social recognition, pair bonding,
anxiety, and maternal behaviors.

Ingalhalikar M, Smith A, Parker D, Satterthwaite TD, Ellott MA, Ruparel K, Hakonarson H, Gur RE, Gur RC, Verma R.
‘Sex differences in the structural connectome of the human brain,
PNAS, December 2, 2013 DOI: 10.1073/pnas. 1316909110
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Fastest Reaction
Time

00 pm

2:00 am
Deepest Sleep.

4:30 am
Lowest Body

Circadian e
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= 6:45 am

in Humans e

Pressure Rise
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Melatonin Secretion
Stops

B 10:00 am
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Non-Visual Pathway

intrinsically photosensitive
Retinal Ganglion Cells
(IPRGC)

IPRGC Projectto \
Suprachiasmatic Nuclei (SCI
And other control centers

Into the
nucleus

Time (hr)
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Melatonin
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Melanopsin Retinal Ganglion Cell Loss

in Alzheimer Disease

mMRGC density (number por mm) 00

crRLs ap

History Of SSRI's

+ SSRI's were introduced in 198’

7
+ The first was Fluoxetine (Prozac:Eli Lilly &
Company) FDA approved 1987

- Sgraline (Zolof; Pizer, Inc) FDA approved
+ Paroxetine gPaxiL GlaxoSmithKline) FDA
approved 1992
+ Citalopram (Celexa; Forest Pharmaceuticals)
FDA approved 2000
. Escwta\upraméLexagro, Forest Pharmaceuticals)
DA approved 200:

Pathway of brain neurosteroid synthesis
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.o e . DETOUR
Delirium, a neurobehavioral syndrome

+*Organic brain syndrome
*Acute brain syndrome

*Acute brain failure

*Acute confusional episode
*Reversible or Masked dementia

Puaue
301

20
/

MMSE
1
’

& No delirium

0 2 4 6 8 10
Years in study
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7. Personality

Figure. Inflammatory Model of the Pathophysiology of Postoperative Delirium
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Dolrum of Deliium of
shortduration  long duration | L TRy

“Personalif

6. Sex differences

TAKE HOME MESSAG
— WE DON’'T KNOW HOW
MALE/FEMALE BRAIN DIFFERENCES
AFFECT BEHAVIOUR -

is the supreme realization of the
innate idiosincrasy of a living being”
Carl Jung, 1934

five factor model (FFM)

the Big Five

Emotional
stal

extraverted--------
open to new experiences-

—-introverted
closed-minded

bl

g
neuroticism-----

emotional stability

Dopamine (DA)

Monoamine oxidase (MAO), Catechol-O-methyl-
Aldehyde dehydrogenase transferase (COMT)
HO. OH _0.
HC
NH;
HO' HO'

3,4-Dihydroxyphenyl-
acetic acid (DOPAC)

N\
Catechol-O-methyi- Monoamin oxidase (MAO),
fransferase (COMT) Adehyde dehydrogenase

3-Methoxytyramine (3-MT)

Homovanillic acid (HVA)

12



The Role of the Catechol-O y

(COMT) Gene in Personality and Related
Psychopathological Disorders

Montag et al. CNS Neurol Disord Drug Targets. 2015

SNP
Val158Met
- ° 0
Cards: A
K
Sorted A
& | e
PR A

Card to be
sorted:

Neuroanatomy of the self

Evidence from patients with
frontotemporal dementia
B. L. Miller, MD, W. W. Seeley, MD, P.
Mychack, PhD, H. J. Rosen, MD,
Ismael Mena, MD and K. Boone, PhD
Neurology. 2001

Methods: Seventy-two consecutive FTD patients were evaluated with neuropsychiatric,
neuropsychologic, and behavioral measures. Patients were imaged with MRI and SPECT. Charts
were reviewed by a social psychologist to determine patients who exhibited a dramatic change in
their self as defined by changes in political, social, or religious values. The brain areas with the
most severe atrophy or hypoperfusion on neuroimaging were noted.

Results: Seven of 72 patients exhibited a dramatic change in self. In six of the seven, the
selective dysfunction involved the nondominant frontal region. In contrast, only one of the other
65 patients without selective nondominant frontal dysfunction showed a change in self.

Conclusions: FTD patients with asymmetric loss of function in the nondominant frontal lobe
often exhibit a diminished maintenance of previously learned self-concepts despite intact
memory and language. Normal nondominant frontal function is important for the maintenance of
the self.

“Dementia That's Neither
Alzheimer's Nor Easy”

00

Normal Alzheimer's

01/10/2024

Alzheimer’s
Disease

Frontotemporal
Dementia

frontal lobe

‘F o Lobar D i

Frontotemporal dementia subtypes

*Behavior variant (bvFTD)

+ Semantic dementia (SD)

« Progressive nonfluent aphasia (PNFA)

+ Progressive Supranuclear Palsy (PSP)

« Corticobasal degeneration (CBD)

» FTD with motor neuron disease (FTD-MND)

* ALS/CTE (Chronic Traumatic Encephalopathy)

Boxer AL, Miller BL. Clinical features of frontotemporal dementia. Alzheimer Dis Assoc
Disord. 2005:19 51:53-6

13



01/10/2024

Frontotemporal dementia (55%)

—

Primary progressive aphasia ggmantic dementiz
(25%)

(20%)
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TDP-43

Nucleoli

Cajal Body

RNA Granules
-
7
7
4
re-mRNA . TDP-43
W,
-
,/ FUSLTD
DNA ! (@
g,I
sl
a1 RNP complex will
be
3 ‘somatotopically

driven to the right
site of synthesis

§ Decay snymes
TRNA Fabihiod
RNP
Complex
Neuron
Nucleus Site of Protein

Synthesis
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CI9ORFT72

GGGGCC

Patient 2 with a hexanucleotide repeat expansion of C9ORF72

MMU‘M”LV ‘LWJWWWU'M! I uur;w.l.mu m

Positive control

%Uw!d‘JW\"‘J\MWf‘&lmelmm s

Normal control

‘L.A»M

The molecular basis of the frontotemporal lobar degeneration-
amyotrophic lateral sclerosis spectrum

Tim Van Langenhove', Julie van der Zes' & Chuistine Van Brosckhoven

(A) ®

FTLD [ Frontowmporal lober degeneration ]

£
§
FTLD-MND like E
FLDALS | £

ALSci, ALSbi

SCHIZOPHRENIA 1911

15
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7. Personality

TAKE HOME MESSAGE:

— HOW DOES BRAIN
STRUCTURE AND
FUNCTION DETERMINE
PERSONALITY? -

Normal Period

Psychotic Period

\ that's a tough question...

8. Brain-damaged patients

Reduced spine density in prefrontal cortex pyramidal
neurons of schizophrenia patients

DETOUR
A: non psychiatric B and C: schizophrenia

Glantz et al 2000

16
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Normal brain H.M’s brain

Hippocampus

Split brains

) fﬁ@/@\sk

. Y& - RING

Henrv Gustav Molaison=1926-2008"

The Limbic System

17
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Wernicke’s Encephalopathy

TRIAD
1 — Confusion (90%)

2 — Ataxia (87%)
3 — Ophtalmoplegia (96%)

DETOUR
—>

, £ .
Korsakoff’s Syndrome Wernicke’s Encephalopathy

e Characterized by amnesia, creation of new memories, apathy

(Tarnowskie Gory, 15-05-1848 — Grafenroda, 15-06-1905)

e Both of these diseases are caused by vitamin B1 (thiamine) deficiencies, . Reduced B1
simultaneous occurrence makes wernicke-korsakoff disorder

« Beri-beri, Korsakoff

» 1881 case series
* 1930 role of B1

N
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i
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Aneurin, (1926

MEMENITOY

8. Brain-damaged patients

TAKE HOME MESSAGE:
— CASE STUDIES PROVIDE VALUABLE
BEC ' INSIGHTS INTO BRAIN FUNCTION -

Blood Ethanol
Concentration

50-150 mg/dL (0.5-1.5
g/L): euphoria, reduced
concentration

150-250: ataxia and
sleepiness

>400: coma, respiratory
failure, death
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9. The theatre of consciousness

“We experience ourselves and the world as a constant
flow of thoughts and sensations, but how the brain
generates this stream of consciousness is a mistery.
According to one influential theory, consciousness is

like a theatre...”
Costandi M.

porary manipulates

- ﬁ(

WOrklng Memory

9. The theatre of consciousness

TAKE HOME MESSAGE:
— CONSCIOUSNESS IS
THE SPOTLIGHT OF
ATTENTION -
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10. Consciousness disorders

Global Workspace Theory

Bernard Baars (1988; Baars et al., 1998) argues
that the function of consciousness is to broadcast
information to separate functional modules
through-out the brain.

His ‘global workspace’ is a central processor
that contains the contents of consciousness.

The Workspace functions as a cognitive
“blackboard”.

A LIl (hanged t

¢ Due to the potassium
deficiency, Terri had
tremendous brain damage.
This brain damage was
permanent and made Terri
go into a vegetative state for
the last fifteen years of her
life. Doctors said that there
was no chance that she
would return to normal
someday, and the
controversy to keep her on
life support would begin...
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Vegetative state

A patientina
vegetative state
has slightly
more brain
functions than
aperson in

a deep coma,
and may open
eyes or even
make sounds,
while remaining
unresponsive to
instructions

Acomaisa
deep state of
unconscious-
ness in which
patients are
alive but unable
to move or
respond to

the external
surroundings. A
patient in coma
may slip into a
vegetative state

How vegetative state differs from coma & brain death

A brain dead
patient is dead.
Brain death is
linked to the
irreversible loss
of the brain stem,
a key region of the
brain responsible
for the capacity
for consciousness
and the capacity
for breathing.

Itis irreversible

Answers « YES »

« HEALTHY SUBJECT »

Answers « NO »

« VEGETATIVE STATE »

10. Consciousness disorders

TAKE HOME MESSAGE:

— AWARENESS IS IMPAIRED IN
CONSCIOUSNESS DISORDERS -
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