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A bit of history

1943- Leo Kanner:

* “extreme aloneness from the beginning of life and anxiously obsessive
desire for the preservation of sameness.”

*  “We must, then, assume that these children have come into the world
with innate inability to form the usual, biologically provided affective
contact with people, just as other children come into the world with
innate physical or intellectual handicaps ”.

Initial cause: psychodynamic theories, bad parents, refrigerator mothers ....
Autism is a behavioral syndrome ... a developmental syndrome ...

Common deficit: lack of the theory of mind.

Autism as multiple disease entities, multiple etiologies, including metabolic and
immune system deregulation.

2008: However, as in many areas of neuroscience, we are ‘““data rich
and theory poor”’ (Zimmerman, Autism — current theories).



ASD criteria

Severe abnormality of reciprocal social relatedness
Severe abnormality of communication development
Restricted, repetitive patterns of behavior, interests, imagination.

Early onset (before 3-5 years).

Lack of awareness of feelings of others.
Bizarre speech patterns.

Lack of spontaneous and make-believe play.
Preoccupation with parts of objects.
Repetitive motor movements.

Marked distress over changes.




ASD

* Autism Spectrum of Disorders includes:

* Autism, 1-2 per 1,000, regressive autism (>2nd year), over 25% cases.
* Asperger syndrome, about 0.3 per 1,000 (normal IQ but low social cognition).

* PDD-NOS, pervasive developmental disorder not otherwise specified, when more
specific criteria are not met - vast majority!

* Atypical forms childhood disintegrative disorder — rare.
* Rett syndrome —rare.
* Total ASD - about 6 per 1000, 4x more boys than girls.

|ABD = Infantile Autistic Bipolar Disorder, cyclical pattern of autistic symptoms
Purine Autism: abnormal levels of uric acid, end product of all purine pathways,
majority have seizures, loose language, possible self-injury.

Autistic Savants: few percent learn unusual memory or motor skills.



Screening

* Does the baby prefer to be left alone?

* Is the eye-to-eye contact normal?

* Is he/she comforted by proximity/body contact?
* Does he/she often smile or laugh unexpectedly?

Examination:

°* Hand stereotypies - repetitive motor movements,
strange looking or posturing.

* Stiff gaze, avoidance of normal eye contact.

* Little reaction to strong, unexpected noise, but may
also overreact to lower level at other times.

* Passive, obvious lack of interest.

Do your child soem over-sonsitive 1o sounds?

es your child react to your face with a smile?

¥YES MO




Epidemics of ASD?

* Number of children aged 6—17 who were served under the Individuals
with Disabilities Education Act (IDEA) with a diagnosis of autism, from
1996 through 2007, per 1,000 U.S. resident children aged 6-17).

1996 1997 19958 1599 2000 2001 2002 2003 2004 2005 2006 2007



Epidemics of ASD?

RECOGNIZED CASES OF AUTISM IN U.S.

Cases of diagnosed autism spectrum disorders have increased

" o q dramatically. But it is not clear how much of this is because of improved
Rise in prevalence all over the world. diagnosis and expanded diassifications of autism versus an actual
increase in the disorder. Today, scientists estimate that 1 in 150 children
° Byrd et al 2002 California Study. has an autism spectrum disorder.
’ ] Number of cases
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although there may be a reason why natural death rate has been so high ...
In 1900 average life expectation in Pomerania was about 19!

Maybe nature is not so good after all ... apoptosis kills more than half neurons
similar evolutionary solution could operate also at social level.

Around 1800 fertility rate in USA was over 7; in the last 20 years infant
mortality rate dropped by half, from about 10 to 5.



Epidemics of ASD?

Number of cases according to different diagnostic criteria and number of
articles, proportional to the funding in this area (Zimmerman 2008).
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M.D. Kogan et. al (2009). Prevalence of Parent-Reported Diagnosis of
Autism Spectrum Disorder Among Children in the US, 2007 Pediatrics, 124
(4) : 10.1542/peds.2009-1522, estimates are ~1.1%



Symptoms

Difficulty in mixing with other children.
Prefers to be alone; aloof manner.
Inappropriate laughing and giggling.
Inappropriate attachment to objects. i :

Little or no eye contact. sl el I R

May not want cuddling or act cuddly.

Apparent insensitivity to pain.

Spins objects; sustained odd play. o
Insistence on sameness; resists changes in routme

Noticeable physical overactivity or extreme underactivity.

Unresponsive to normal teaching methods.

No real fear of dangers.

Echolalia (repeating words or phrases in place of normal language).

Not responsive to verbal cues; acts as deaf.

Difficulty in expressing needs; uses gestures or pointing instead of words.
Tantrums - displays extreme distress for no apparent reason.

Uneven gross/fine motor skills (no kicking of balls but can stack blocks).
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Autisms |

Pathophysiology 5 %'::4
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* Alteration of brain development soon after conception, significantly
influenced by environmental factors.
* Isthere a unifying mechanism at molecular, cellular, or systems level?

* Autism may result from a few disorders caused by mutations converging on
a few common molecular pathways.

* Autism may be a large set of disorders with diverse mechanismes, like
intellectual disability.

* An excess of neurons that causes local overconnectivity in key brain regions.

* Disturbed neuronal migration during early gestation.

* Unbalanced excitatory—inhibitory networks.

* Abnormal formation of synapses and dendritic spines, poorly regulated
synthesis of synaptic protein, also associated with epilepsy.

Geschwind DH (2008). Autism: many genes, common pathways? Cell 135: 391-5;
Mdller RA (2007) The study of autism as a distributed disorder. Mental
Retardation and Developmental Disabilities Research Reviews 13 (1): 85-95

Casanova MF (2007) The neuropathology of autism. Brain Pathology 17: 422-33



More pathophysiology

Autism is a multifactorial or complex trait.

Genetic studies report that monozygotic twins have a concordance rate of
75% as opposed to 3% for fraternal twins. Families having an autistic member
have a 10-40% increased incidence of other developmental disorders.

Many different genes may be involved in the expression of autism. In 2009
PTEN and the serotonin transporter gene were implicated in large brain size
and poor social behavior in mice.

Genes act in an additive way along with the environment to produce the final
phenotype. Underlying pathologies to a multifactorial trait exhibit a
continuous distribution of changes.

ERP studies: differences in autistic individuals with respect to attention,
orientation to auditory and visual stimuli, novelty detection, language and
face processing, and information storage; several studies have found a
preference for non-social stimuli.

MEG studies: delayed responses in the brain's processing of auditory signals.



Neuroanatomy

Increased brain size in childhood is the most robust macroscopic feature of
autism, the difference (10-20%) disappears with age.

Increased cerebral gray and white matter and cerebellum.

Most significant is the frontal gray and white matter intrahemispheric
volume increase occurring in the first 2-4 years.

Widespread cortical abnormalities, disruption of laminar organization and
heterotopias (displacement of gray matter into white matter or ventricles).

Mental retardation in 60—-70% of cases.

Absence of spasticity or vision/hearing loss.

Seizures in about 30% of cases.

40% autistic children have some form of epilepsy.

No focal dysfunctions, distributed neocortical system disorder.

Common belief: more frequently problems with association/prefrontal cortex

than sensory/motor areas.



Understanding

Modular (bottom-up) and system biology approaches (interacting levels), M.R.
Herbert, M.P. Anderson, Chap 20, Zimmerman.

Causality is not linear, top-down and bottom up influences are possible.
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Theories, theories

Autism
Best book so far: Current Theories
and Evidence
* Zimmerman Andrew W. (Ed.) ack W S

Autism; current theories and evidence.
Humana Press 2008.

* 20 chapters divided into six sections:

* Molecular and Clinical Genetics (4 chapters);

* Neurotransmitters and Cell Signaling (3 chapters);

* Endocrinology, Growth, and Metabolism (4 chapters);

* Immunology, Maternal-Fetal Effects, and Neuroinflammation (4 chapters);
* Neuroanatomy, Imaging, and Neural networks (3 chapters);

* Environmental Mechanisms and Models (2 chapters).



Minicolumnar irregularities

Manuel F. Casanova, comparative neuroanatomy: minicolumnopathy
in autism, minicolumnar irregularities provide a neurologically sound
localization to observed clinical and anatomical abnormalities.

*Average minicolumnar width was 27.2 um in controls, 25.7 um in autistic
patients => smaller minicolumns in dorsolateral prefrontal cortex.

*Neuron density in autism exceeded the comparison group by 23%.
Increased cell density is the result of a greater number of minicolumns,
otherwise the number of cells per minicolumns appears normal.

*Shorter connecting fibers between minicolumns favor local computation at the
expense of inter-areal and callosal connectivity.

*Diminished minicolumnar size in the cortex restricts the absolute span of this
module’s variability in both size and associated circuitry.

Casanova: minicolumnar variability is the result of genetic and epigenetic
influences that provide for combinatorial diversity within overlapping networks,
necessary for behavioral flexibility, reduced in autism.



Mirror Neuron System

The mirror neuron system (MNS): multimodal neurons, in motor cortex,
react also to visual observations, observing action elicits similar motor
activations as if it had been performed by oneself.

The MNS helps to understand actions of others, modeling their behavior via
embodied simulation of their actions, intentions, and emotions.

MNS theory of autism: distortion in the development of the MNS interferes
with the ability to imitate, leads to social impairment and communication
difficulties.

Structural abnormalities in MINS regions of individuals with ASD exist,
correlations between reduced MNS activity and severity of ASD.

But ... in ASD abnormal brain activation in many other circuits; performance
of autistic children on various imitation tasks may be normal.

MNS is not really a special system ... the idea is used to explain almost
everything in social neuroscience.



MNS EEG

EEG on controls and autistics on 4 different tasks, comparing mu rhythms.
At baseline, large amplitude mu oscillations in synchrony. Seeing an action
causes mu rhythms to fire asynchronously resulting in mu suppression.

So mu wave suppression will reflect activity of the mirror neuron system.

In autistics mu is suppressed for own hand movements, but not for the

observed hand movements of others.
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. . X
Empathizing—systemizing theory &

* The extreme male brain theory: autism as an extreme case of the male
brain, those individuals in whom systemizing is better than empathizing
(according to psychometrical tests).

* Systemize = develop internal rules to handle events inside the brain.
* Empathize = rules handling events generated by other agents.

* Explains why more boys have autism, but baby boys and girls do not
respond differently to people and objects.

* Theory of mind: autism arises from inability to ascribe mental states to
oneself and others, as shows in the results of tests for reasoning about
others' motivations.

* Agrees with the mirror neuron system theory of autism.
* Many aspects are not addressed, very superficial understanding ...

S. Baron-Cohen, Autism: the empathizing-systemizing (E-S) theory.
Ann N Y Acad Sci. 1156:68-80, March 2009.



Executive dysfunction

Executive dysfunction hypothesis: autism results mainly from deficits
in working memory, planning, inhibition, and other executive functions.

Executive processes such as voluntary eye movements slowly improve in
time but do not reach typical adult levels.

Predicts stereotyped behavior and narrow interests.
No executive function deficits have been found in young autistic children.

Weak central coherence theory hypothesizes that a limited ability to see
the big picture underlies the central disturbance in autism.

One strength of this theory is predicting special talents and peaks in
performance in autistic people.

Enhanced perceptual functioning theory focuses more on the superiority
of locally oriented and perceptual operations in autistic individuals.

These theories map well from the underconnectivity theory of autism.

Social cognition theories poorly address autism's rigid and repetitive
behaviors, while the nonsocial theories have difficulty explaining social
impairment and communication difficulties.



Function connectivity theory

Model developed over 20 years (Nancy J. Minshew): autism as widespread
disorder of association cortex, development of connectivity, only secondarily
as a behavioral disorder. Fine, but still quite general.

Abnormalities in genetic code for brain development
d

Abnormal mechanisms of brain development
$

Structural and functional abnormalities of brain
l

Cognitive and neurologic abnormalities
s

Behavioral syndrome

Goal: understand the pathophysiology from gene to behavior, eventually the
influence of etiologies on this sequence, ultimately support the development
of interventions at multiple levels of the pathophysiologic sequence.



FC many names

Minshew model of autism: “complex information processing disorder”,
“connectivity/disconnectivity/ underconnectivity disorder”, a “disorder of
cortical development”, a “neuronal organization disorder”, intact or enhanced
simple information processing, but poor complex/higher order processing.

Integration of multiple features, processing of large amounts of information,
or novel material requires association cortex, but not sensory or motor
cortices — no blindness or deafness => problems mostly in prefrontal areas?

Preschool ASD children repeat words without comprehending, and/or
spontaneously use those words in an original way.

Most severe ASD: little to no development of functional connections between
sensorimotor cortex and association cortex, and thus no meaning was being
attached to information => stronger impact on connectivity with frontal cortex
than connectivity with unimodal cortex; reduced connections between the
memory and executive systems ... common denominator is a dependence on
the degree of integration at the information processing level.

But why these connections are so weak?



Grossberg iSTART ﬂ%* .

iISTART, Imbalanced Spectrally Timed Adaptive Resonance Theory (2004).

START model developed by Grossberg to explain how the brain controls normal
behaviors, based on his ART (Adaptive Resonance Theory) theory.

Interactions of cognitive, emotional, timing, and motor processes involving
prefrontal and temporal cortex, amygdala, hippocampus, and cerebellum
create autistic symptoms.

Breakdowns in these brain processes:
*under-aroused emotional depression in the amygdala/related brain regions,
*learning of hyperspecific categories in temporal and prefrontal cortices,

*breakdown of adaptively timed attentional and motor circuits in the
hippocampal system and cerebellum.

Malfunctions in a subset of these mechanisms through a system-wide vicious
circle of environmentally mediated feedback cause and maintain problems.

Interesting but complex, hard to connect to molecular level.



ISTART specifics

Autistic people have vigilance fixed at such a high setting that their learned
representations are very concrete, or hyperspecific, which perpetuates a
multitude of problems with learning, cognition, and attention.

Cognitive-Emotional-Motor (CogEM), model, extends ART to the learning of
cognitive-emotional associations between events and emotions that give
these events value; under- or over-arousal can cause abnormal emotional
reactions and problems with cognitive-emotional learning.

If the emotional circuits are under-aroused, the threshold for activating an
emotion is abnormally high, but when this threshold is exceeded, the
emotional response can be over reactive - individuals with autism experience
reduced emotional expression as well as emotional outbursts.

Spectral Timing model: failures of adaptive timing that lead to the premature
release of behaviors which are then unrewarded.

Mapping to brain regions is possible - hyperspecific recognition: temporal
and prefrontal cortices, emotions: amygdala, timed attention and motor
circuits in the hippocampal system and cerebellum.



Excitatory and inhibitory neurons
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Retina

Retina is not a CCD that passively registers images.

Key principle: find contrasts in space/time, discover edges,
uniform surfaces are not so important.

Fotoreceptors in cones (7M) and rods (100M).
3-layered network, ganglion cells=>1M fibers LGN.

Receptive field: the area that
strongly activates ganglion cell. a) On—center

Over 100M receptors reduce info to
1M transmission lines providing on-
center) and off-center receptive
fields, extracted from receptor
signals by bipolar + ganglion cells.

This enhances the edges.

Such information arrives in LGN
and than visual cortex with a speed
estimated at 9 Mbps.




Image in V1

Model is mostly focused on edge detectors, as this is the most important
function of primary visual area.

Edge Detectar

Bir Detector




Vision

* From retina through lateral geniculate body, LGN (part of thalamus)
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Recognition of many objects

* Vision model including LGN, V1, V2, V4/IT, V5/MT
Two objects are presented.

Output  Target

Connectivity of these layers:

Spatl < V2, Spat 2
Spatl < V2, Spat 2
Spat2 <& V2.

Spatl has recurrent

activations and inhibition,

focusing on a single object.

In normal situations neurons

desynchronize and

synchronize on the second
obiect = attention shift.



Attractors

Attention results from:

* inhibitory competition,
* bidirectional interactive prog
* multiple constraint satisfacti

Basins of attractors: input activa

* Normal case: relatively large
attraction to another, explo

* Without accommodation: de
basin, associations are weak

Fm_spat_scale controls how strongly the focus on the spatial area holds
attention on one object.
This network makes many errors, not the best simulation ...



Attractors for words

Model for reading includes
phonological, orthographic and
semantic layers with hidden layers in
between.

Non-linear visualization of activity of
the semantic layer with 140 units.

Cost and rent have semantic
associations, attractors are close to
each other, but without
accommodation basins are small and
narrow.

Broadening phonological/written form
representations may help.

Will training of autistic children with increasing variance stimuli help?



Deep, localized attractors are formed; what are the consequences?

Consequences

Problems with disengagement of attention;

precise memory for images, words, numbers, facts, movements;
strong focus on single stimulus, absorption, easy sensory overstimulation;
in motor cortex this leads to repetitive movements;

generalization and associations are quite poor; integration of different
modalities that requires synchronization is impaired, connections are weak;

echolalia, repeating words without understanding (no associations);

“has the name but not the meaning” ... trapped in the sound;

nouns are acquired more readily than abstract words like verbs;

play is schematic, fast changes are not noticed (stable states cannot arise);
play with other children is avoided in favor of simple toys;

faces are ignored (change to fast), and thus contact with caretakers is
difficult, gaze focused on simple stimuli;

normal development — relations, theory of mind, empathy — is impaired.

Simple basic deficit => host of problems, severity and local expression,

many insights from simple but general mechanism.



Experimental evidence: behavior

Kawakubo Y, et al. Electrophysiological abnormalities of spatial attention in
adults with autism during the gap overlap task. Clinical Neurophysiology 118(7),
1464-1471, 2007.

*“These results demonstrate electrophysiological abnormalities of
disengagement during visuospatial attention in adults with autism which cannot
be attributed to their IQs.”

*“We suggest that adults with autism have deficits in attentional disengagement
and the physiological substrates underlying deficits in autism and mental
retardation are different.”

Landry R, Bryson SE, Impaired disengagement of attention in young children with
autism. Journal of Child Psychology and Psychiatry 45(6), 1115 - 1122, 2004

*“Children with autism had marked difficulty in disengaging attention. Indeed, on
20% of trials they remained fixated on the first of two competing stimuli for the
entire 8-second trial duration.”

Several newer studies: Mayada Elsabbagh.



Experimental evidence: molecular

What type of problems with neurons create these types of effects?

* Neural self-regulation mechanisms lead to fatigue or accommodation of
neurons through leaky K* channels opened by increasing Ca concentrations,
or longer acting GABA-B inhibitory synaptic channel.

* This leads to inhibition of neurons that require stronger activation to fire.

* Neurons accommodate or fatigue and become less and less active for the
same amount of excitatory input.

Dysregulated calcium signaling, mainly through voltage-gated calcium channels
(VGCCQ) is the central molecular event that leads to pathologies of autism.
http://www.autismcalciumchannelopathy.com/

Calcium homeostasis in critical stages of development may be perturbed by
genetic polymorphism related to immune function and inflammatory reactions
and environmental influences (perinatal hypoxia, infectious agents, toxins).

Genetic mutations => proteins building incorrect potassium channels
(CASPR2 gene) and sodium channels (SCN2A gene).



Genes & functions

I.N. Pessah, P.J. Lein, Evidence for Environmental Susceptibility in Autism

What We Need to Know About Gene x Environment Interactions , Ch. 13

(Gene (map)
CACNAIC

(12p13.3)
CACNAIH

(16pl13.3)

SLC25A12
(2q24)
KCNMALI
(10g22.3)
PTEN
(10923.3)
MECP2
(Xqg28)

MET (7g21.1)
CADPS2

(7Tq31—q32)

NL-1; NL-3:

Function

L-type voltage-dependent Ca” "
channel (CaV1.2)

T-type voltage-dependent Ca®™
channel (CaV3.2)

Ca” " -dependent mitochondrial
artate/glutamate carrier
Ca~ " -activated K™ channel (BK¢,"7)

Ca* " -regulated PI-3-phosphatase;
regulates CaVl1.2

DNA methylation (Ca*™* -dependent
phosphorylation)

Tyrosine receptor kinase for
hepatocyte growth factor coupled to
[P3 production

Ca” " -dependent activator protein for
secretion

Neuroligin-synapse formation
function EF-hands

Mutation (Dysfunction)

G406R -delayed inactivation
(Timothy Syndrome)

R212C: ROO2W. W962C.
Al874V- altered activation
(autism)

SNPs (autism)

Balanced 9g23/10g22
translocation

HY93R. D252G, F2415-
(macrocephaly: autism)

Down regulated /mutations-
altered DNA methylation
(autism, RETT syndrome)

Polymorphism-down regulation
(autism)

Aberrant alternative splicing
lacks exon 3 (autism)

NL-1 R476C (autism)

NL-3 R471C (autism)




Questions

There are many parameters characterizing biophysical properties of neurons
and their connections within different layers.

*How does depth and the size of the basins of attractors depend on these
parameters? How to measure and/or visualize attractors?

*How does it depend on the accommodation level? Noise? General arousal?
Inhibition strength, local excitations, long-distance synchronization?

*How will symptoms differ depending on specific brain areas? For example, mu
suppression may be due to deep attractors, brain compartmentalized ...

*What are precise relations to ion channels and proteins that build them?

*Some parameters may be changed by pharmacological intervention, but also
learning procedures may have some influence on how these basins are formed
— for example, learning to read may depend on the variability of fonts,
handwriting may be much more difficult etc.

*Can one draw useful suggestions how to increase generalization?

*Will it help in therapy? {:‘;



Generative Psychiatry

Norma (przytomnosé) Stan wegetatywny

\V

How genetic and molecular cha
What will be the effects of local |
What will be the effects of lack

Consciousness levels:

The role of the brain stem (retic ~ reem=mkneee i
Transition from normal state to ~

Coma — no reactions to externa L
Minimal consciousness state, w
Vegetative state, only spontane
Brain death process.

Neuroanatomy and psychology of talent?

Feedback projections (dt-MRI) to sensory cortices should be critical in
creation of vivid imagery.




Conference Series

* Body, perception and awareness. Motor and multimodal perspectives,
Torun, 7-9.09.2009.

Interdisciplinary conference following:

*Enactivism: A new paradigm? From neurophenomenology and
social/evolutionary robotics to distributed cognition (2008).

*Self, Intersubjectivity & Social Neuroscience: from Mind and Action to
Society (2007).

*Embodied and Situated Cognition: from Phenomenology and
Neuroscience to Artificial Intelligence (2006).

Cognitive science curriculum starting at NCU in 2009.
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