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Autism covers a wide spectrum of disorders for which there are many views, hypotheses
and theories. Here we propose a unifying theory of autism, the Intense World Theory. The
proposed neuropathology is hyperfunctioning of local neural microcircuits, best characterized
by hyperreactivity and hyperplasticity. Such hyperfunctional microcircuits are speculated to
become autonomous and memory trapped leading to the core cognitive consequences of
hyperperception, hyperattention, hypermemory and hyperemotionality. The theory is centered
on the neocortex and the amygdala, but could potentially be applied to all brain regions. The
severity on each axis depends on the severity of the molecular syndrome expressed in different
brain regions, which could uniquely shape the repertoire of symptoms of an autistic child. The
progression of the disorder is proposed to be driven by overly strong reactions to experiences
that drive the brain to a hyperpreference and overly selective state, which becomes more
extreme with each new experience and may be particularly accelerated by emotionally charged
experiences and trauma. This may lead to obsessively detailed information processing of
fragments of the world and an involuntarily and systematic decoupling of the autist from what
becomes a painfully intense world. The autistic is proposed to become trapped in a limited, but
highly secure internal world with minimal extremes and surprises. \We present the key studies
that support this theory of autism, show how this theory can better explain past findings, and
how it could resolve apparently conflicting data and interpretations. The theory also makes
further predictions from the molecular to the behavioral levels, provides a treatment strategy
and presents its own falsifying hypothesis.
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INTRODUCTION

The neurobiology of autism has been researched extensively with
growing urgency and major strides and insights over the past
30 years (Rubenstein and Merzenich, 2003; Belmonte et al., 2004b;
Courchesne, 2004; Casanova, 2007; Minshew and Williams, 2007;
Amaral etal.,2008), yet no coherent neurobiologically based theory
of autism has yet emerged to explain its entire heterogeneity. A
wide range of interpretations, hypotheses, and theories has been
put forward, each casting a different light on an important but spe-
cific aspect of autism. The central question is whether the spectrum
of autism is due to a spectrum of neuropathologies or whether a
single common pathology can explain the spectrum. Recently, we put
forth a bottom-up hypothesis for autism that is neurobiologically
grounded and works its way up from the molecular, cellular, and
circuit levels toward the potential cognitive consequences, called the
Intense World Syndrome (for extensive review see Markram et al.,
2007b). The Intense World Syndrome hypothesis was grounded in
original experiments using the valproic acid (VPA) rat model of
autism to explore possible alterations across molecular, cellular, syn-
aptic, circuit, and behavioral levels. Such experiments can only be
performed using an animal model. This animal model was chosen
because VPA intake during pregnancy was linked to an increased
risk of giving birth to an autistic child (Moore et al., 2000; Rasalam
etal.,2005) and VPA exposure in rats has remarkably similar effects

as in humans. The multi-level approach from molecules to behavior,
possible only in an animal model, allowed piecing together the dif-
ferent levels of the brain’s organization and up toward its emergent
behavior, which revealed a common and coherent theme of altera-
tions and suggested that autism could be explained as an Intense
World Syndrome (Markram et al., 2007b). Naturally, there is a vast
gap between an animal model and autism that is currently only
recognized for humans. In this paper, we therefore explored previous
studies, results, hypotheses, and theories in the light of the Intense
World hypothesis, and examined whether this hypothesis can stand
as a formal and unifying theory of autism.

The original notion of an Intense World Syndrome in autism
arose, because VPA-exposed animals exhibited amplified fear
processing and memories (Markram et al., 2005,2008), which indi-
cated that fragments of the world could easily become emotionally
aversive and be stored excessively. In strong support of this, we
found that on the neural circuit level, VPA-exposed animals exhib-
ited enhanced neuronal reactivity and plasticity across several brain
regions, such as the amygdala and neocortex. This provided the
potential cellular and circuit explanation for how an autistic brain
could be easily trapped in a painfully intense world, potentially
explaining a broad range of common autistic symptoms such as
sensory sensitivity, withdrawal, repetitive behavior, idiosyncrasies,
and even exceptional talents.

Frontiers in Human Neuroscience

www.frontiersin.org

December 2010 | Volume 4 | Article 224 | 1


http://www.frontiersin.org/Human_Neuroscience/
http://www.frontiersin.org/
http://www.frontiersin.org/Human_Neuroscience/archive
http://www.frontiersin.org/Human_Neuroscience/
http://www.frontiersin.org/Human_Neuroscience/editorialboard
http://www.frontiersin.org/Human_Neuroscience/about
http://www.frontiersin.org/Human_Neuroscience/10.3389/fnhum.2010.00224/abstract
http://www.frontiersin.org/Human_Neuroscience/10.3389/fnhum.2010.00224/abstract
http://www.frontiersin.org/Community/WhosWhoDetails.aspx?UID=79&d=1&sname=KamilaMarkram
http://www.frontiersin.org/Community/WhosWhoDetails.aspx?UID=74&d=1&sname=HenryMarkram

Markram and Markram

Intense World Theory

The experimentally based and common neuropathology
proposed in the Intense World Theory is hyper-functioning of ele-
mentary brain modules, called local neural microcircuits, which
are characterized by hyper-reactivity and hyper-plasticity, both of
which seem to be caused by a tendency for excitatory neurons
to dominate their neighbors. Such hyper-functional microcircuits
are proposed to easily become autonomous, leading to runaway
information processing, over-specialization in tasks and a hyper-
preference syndrome. The proposed core cognitive consequences
are hyper-perception, hyper-attention, hyper-memory, functions
mediated by the neocortex, and hyper-emotionality, mediated by
the hyper-functionality of the limbic system. These four dimensions
could potentially explain the full spectrum of symptoms in autism,
depending on the severity of the microcircuit pathology in different
brain regions. The degree of hyper-functionality in different brain
regions could vary in each child depending on genetic personality
traits, on unique epigenetic conditions, and unique sequence of
postnatal experiences.

This article begins by shortly reviewing the validity of the VPA
rat model of autism as well as the experimental insights obtained
from this model, before delving deeper into an a re-examination
and re-interpretation of previous studies on human autism in the
light of these experimental results from the animal model. We
make the case for a unified Intense World Theory for autism that
can potentially explain many of the varied past results and resolve
many conflicting findings and views, and by making some falsifiable
experimental predictions.

VPA AND ITS LINK TO AUTISM

Valproic acid is widely used to treat epilepsy and bipolar disorder
and is also a potent teratogen. It was first introduced in the 60s as
an anticonvulsant and later as the mood-stabilizing drug for the
treatment of bipolar disorder. Case reports started to appear in the
90s on children with Fetal Anticonvulsant Syndrome, which included
autistic traits (Christianson et al., 1994; Williams and Hersh, 1997;
Williams et al.,2001). Two independent follow-up population stud-
ies confirmed a strong link between VPA and autism with approxi-
mately 10% of exposed children exhibiting full blown autism and
80% with one or more autistic features (Moore et al., 2000; Rasalam
etal., 2005). Overall, the autism prevalence in the prenatally VPA-
exposed population is approximately 11-100 times higher than in
the general population assuming prevalence rates of 10-91 cases
per 10,000 in the general population (Fombonne, 2006; Autism
Speaks).

The physical malformations caused by VPA, such as facial
dysmorphy and ear abnormalities, indicate an early insult to the
brainstem during embryogenesis and, more specifically, around
the time of neural tube closure. Support for the so-called brain-
stem hypothesis of autism (Stromland et al., 1994; Rodier et al.,
1996, 1997; Arndt et al., 2005) originate from a study on the brain
stem-related teratogenic effects of thalidomide (Stromland et al.,
1994), another prescribed drug strongly associated with autism.
This study was the first to reveal that the occurrence of autism
is strikingly high (30%) and exclusively when thalidomide intake
occurred during gestational days 20-24, which led to the conclu-
sions that autism is associated with a brainstem injury at the time
point of neural tube closure. This notion is supported by magnetic

resonance imaging studies which revealed brainstem hypoplasia
in autism (Hashimoto et al., 1995; Gaffney et al., 1988) as well as
a post-mortem study on an autistic subject who exhibited severe
morphological abnormalities and neuronal loss in the brain stem
(Rodier et al., 1996).

While the early brainstem hypothesis of autism assumes that all
other brain alterations observed in autism are a consequence of
this “big bang” (Rodier et al., 1996) it is possible that traces of the
impact of VPA exposure could be carried by progenitors into the
whole brain (and body), and these effects would only manifest when
these brain regions begin to develop and have to start performing
their functions. Indeed, VPA is teratogenic at sub-lethal doses and
enhances gene transcription induced by a variety of exogenous
and endogenous promoters by inhibiting histone deacetylase (Phiel
et al., 2001).

Valproic acid given continuously throughout pregnancy to rats,
as for humans, has been known for some time to cause severe behav-
ioral alterations (for review see Vorhees, 1987a,b; Wagner et al.,
2006; Markram et al., 2007b). However, theses alterations could
be confounded by the numerous other VPA-induced insults and
cognitive and motor impairments, more associated with general-
ized Fetal Anticonvulsant Syndrome than with autism. To target the
autism component of this anticonvulsant syndrome, Rodier et al.
(1996) developed a rat model for autism by specifically administer-
ing VPA only during the time period of neural tube closure accord-
ing to the neurological hypothesis that the brainstem is injured in
autism (reviewed in Markram et al., 2007b). The administration
of a single i.p. injection of VPA (350 mg/kg) administered to preg-
nant dams on embryonic days (ED) 12—-13 results in a reduction
of the trigeminal and hypoglossal motor nuclei, loss of neurons
in the abducens nucleus and in the oculomotor nucleus (Rodier
etal., 1996), which parallels losses found in the brainstem in autism
(Hashimoto et al., 1995; Rodier et al., 1996; Gaffney et al., 1988).
Follow-up anatomical studies in the rat showed that VPA exposure
on ED12.5 also results in a loss of cerebellar neurons (Rodier et al.,
1997; Ingram et al., 2000), one of the most prominent features in
the autistic brain (Ritvo et al., 1986; Kemper and Bauman, 1998;
Palmen etal., 2004). Abnormalities in the serotonergic system, one
of the most indicative biochemical pathological markers in autism
(Lam et al., 2006), were also found (Narita et al., 2002; Miyazaki
et al., 2005; Tsujino et al., 2007). Behaviorally, prenatal exposure
to VPA on ED12.5 produces the two cardinal symptoms of autism
in the rat offspring: decreased social interactions and increased
repetitive behaviors (Schneider and Przewlocki, 2005; Markram
et al., 2008). In the emotional domain, the offspring also exhibit
enhanced anxiety (Schneider and Przewlocki, 2005; Schneider
etal.,2007; Markram et al., 2008), in the motor domain, locomotor
hyperactivity (Schneider and Przewlocki, 2005), in the nociception
domain, lower sensitivity to pain (Schneider et al., 2001; Schneider
and Przewlocki, 2005; Markram et al., 2008), in the sensory domain,
hyper-sensitivity to non-painful sensory stimulation and impaired
pre-pulse inhibition (Schneider and Przewlocki, 2005; Markram
etal.,2008), and in the memory domain, enhanced eye-blink con-
ditioning (Stanton et al., 2007) —all of which are common features
of autism described in the DSM-IV and/or in the autism litera-
ture (Sears et al., 1994; Muris et al., 1998; American Psychiatric
Association, 2000; McAlonan et al., 2002; Perry et al., 2007).
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It is often argued that “autism is a human disorder” which is
based on the higher cognitive symptoms that are most commonly
associated with autism such a theory of mind and language deficits
as well as unusual human talents. Albeit in a far more rudimen-
tary form, many of the high-level cognitive functions can also be
observed and measured in much lower mammals such as rats and
mice. The common thread is the neocortex, which is the source
of mammalian higher brain functions. The microcircuitry of the
mammalian neocortex is remarkably similar from mouse to man
in terms of layering, types of neurons, interconnections, and long-
range connectivity principles (Silberberg et al., 2002). It would be
very difficult to argue that insults and predispositions are exclusive
to human neocortex. One may also argue that such a model ignores
the well-established heredity component of autism (for review see,
e.g., Persico and Bourgeron, 2006), but then not all homozygote
twins succumb to autism. A pure genetic argument also ignores
the high incidence of autism reported with thalidomide and high
doses of VPA in human offspring. The most parsimonious inter-
pretation is that autism is a poly-genetically predisposed disorder
that is triggered by an insult and that the pathology unfolds dur-
ing development. The low incidence of VPA-linked autism today
is another possible argument, but the doses used today (around
5-10 mg/kg) are about 5-10 times lower than doses used in the
earlier times (40-50 mg/kg). The animal models however used
even higher doses (300-500 mg/kg) primarily because it would not
be possible to systematically study the alterations if only 5-10%
of the offspring are affected as reported in the earlier times. The
higher doses seem to bring the incidence more into the 70-80%
range and doses above 800 mg/kg are lethal (unpublished data). It
may also turn out that these doses could be significantly lowered if
combined with animals genetically engineered with identified pre-
disposing mutations. Nevertheless, high doses do limit the strength
of conclusions drawn from this model and further validation in
human autism is required.

THE NEUROBIOLOGICAL BASIS OF THE INTENSE WORLD
THEORY

The Intense World Theory is experimentally based on direct neu-
ronal recordings and behavioral testing on rat offspring exposed
prenatally to a single dose (500 mg/kg) of VPA on embryonic day
12.5. In the course of these studies, we focused on the neocortex
and the amygdala for these reasons specified below.

The neocortex is fundamental for all higher-order cognitive
functions such as perception, attention, and memory. The entire
neocortical sheet can be viewed as a collection of functional col-
umns or modules that process different features and spatial posi-
tions of the sensory environment and their relationships to the
body. The remarkable property of these columns is that they are
very similar from mouse to man and across all neocortical regions
with a stereotypical template design and only subtle variations for
different neocortical regions and species (Silberberg et al., 2002).
These columns are therefore designed to be “general purpose proc-
essors” and they are interlinked via short and long-range connec-
tions to form brain areas, regions, and the neocortex as a whole.
These columns react to input, and their activity must be carefully
coordinated across the entire neocortex to orchestrate coherent
higher brain function. We therefore examined the alterations in the

somatosensory cortex and the medial prefrontal cortex (mPFC).
The knowledge of the normal somatosensory circuit in the rat is the
most extensive and somatosensory abnormalities, such as increased
sensitivity to touch, are common in autism. The prefrontal cortex
has received extensive attention in autism research due to its pivotal
role in executive function, language, social cognition, and regula-
tion of emotional behavior (Struss and Knight, 2002). Based on
non-invasive imaging studies during task performance in autistic
and control subjects, some studies initially suggested that the pre-
frontal cortex is not sufficiently activated in autism (Happé et al.,
1996; Baron-Cohen et al., 1999; Ring et al., 1999; Castelli et al.,
2002), but more recent studies show hyper-activation in this brain
area (Gomot et al., 2008; Knaus et al., 2008; Dichter et al., 2009;
Belmonte et al.,2010). As described further below, direct measure-
ments from somatosensory and prefrontal neurons of VPA-treated
offspring indeed suggest that these brain regions may be hyper-
reactive and hyper-plastic (Rinaldi et al., 2007, 2008a,b).

The amygdala is a key part of the emotional and social brain cir-
cuits and has many functional roles such as detecting and interpret-
ing signs of emotional and social significance in the environment,
modulating memory storage across multiple brain sites, establish-
ing fear memories, anxiety, and the regulation of autonomic and
hormonal responses (reviewed in Davis and Whalen, 2001; LeDoux,
2003; Zald, 2003; McGaugh, 2004; Adolphs, 2006). Dysfunction
of the amygdala has been related to disorders of fear processing,
anxiety, and social behaviors (reviewed in Cottraux, 2005; Damsa
etal.,2005; Hajek et al., 2005; Shayegan and Stahl, 2005; Blair et al.,
2006). In autism research, the amygdala was studied primarily due
to its role in the processing and interpretation of socio-emotional
cues and its influence on social behaviors (Baron-Cohen et al., 2000;
Sweeten et al., 2002; Amaral et al., 2003; Schultz, 2005; Bachevalier
and Loveland, 2006; Schulkin, 2007). The very first animal model of
autism was based on lesioning the amygdala and studying the effects
on social behavior and hierarchy (Bachevalier, 1994), implying that
the lack of amygdala activity may explain the lack of social inter-
actions or social intelligence in autism. This view dominated the
research performed on the role of the amygdala in autism. Parallels
were drawn between amygdala lesioned patients and autistic sub-
jects (Adolphs et al., 2001), functional magnet resonance imaging
(fMRI) studies revealing an insufficiently activating amygdala in
autistic subjects were associated with deficits in interpreting other
people’s state of minds and feelings (Baron-Cohen et al., 1999;
Critchley et al., 2000; Pierce et al., 2001). However, the opposite
could also be true and lead to similar symptoms: rather than being
hypo-active or not sufficiently responding, the amygdala could be
overly reactive in autism. Consequently, autistic people could be
processing too much emotionally relevant information, including
enhanced fear and anxiety processing. The outcome could be a
similar one to a not sufficiently active amygdala: withdrawal and
decreased social interaction due to an enhanced stress-response
and socio-emotional overflow. Indeed, as described below our
studies on VPA-treated rat offspring indicate that the amygdala
is hyper-reactive, hyper-plastic, and generates enhanced anxiety
and fear processing (Markram et al., 2008). In accordance with
this, more recent fMRI studies as well reveal amygdaloid hyper-
activation in autism (Dalton et al., 2005; Kleinhans et al., 2009;
Monk et al., 2010).
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HYPER-REACTIVITY

Autistic children can be overtly sensitive to sensory stimulation,
including light, sounds, and touch. VPA-exposed rat offspring
exhibit impaired habituation to sensory stimulation as measured by
the level of pre-pulse inhibition in vivo (Schneider and Przewlocki,
2005; Markram et al., 2008). To test neuronal reactivity to net-
work stimulation in vitro single neuron reactivity was recorded
in the somatosensory cortex, the prefrontal cortex, and the lateral
amygdala, while simultaneously stimulating the brain slices with
a multi-electrode array.

In both neocortical areas neuronal reactivity to network stimu-
lation was nearly twice as strong in VPA slices than control slices,
which could be observed across different neocortical layers (Rinaldi
etal., 2008a,b). Neuronal responses in the VPA-exposed amygdala
were also greatly amplified to network stimulation and in addi-
tion increased and prolonged episodes of bursting behavior were
observed, which were greater in number, frequency, and duration
(Markram et al., 2008). Thus, the slightest network stimulation
compared to controls, triggers a run-away-like response in the
amygdala in this animal model of autism.

In order to account for this massive increase in neuronal reac-
tivity to network stimulation several possibilities were tested. To
check if enhanced excitability of the individual neurons within
the microcircuit could account for the hyper-reactivity to net-
work stimulation, excitatory synaptic currents were studied in
paired neuronal recordings and revealed that the o-amino-3-
hydroxy-5-methyl-4-isoxazole propionic acid (AMPA) mediated
synaptic responses of connections between neurons were actually
weaker in the VPA-treated rat offspring, which was accounted
for by fewer synapses deployed (around five synapses are nor-
mally used in these connections) in each synaptic connection
(Rinaldi et al., 2008b). In addition, examination of the passive
and active conductance properties of the excitatory pyramidal
neurons revealed that pyramidal neurons required more current
to drive the neuron to spiking threshold and that the number of
spikes generated for a series of current injections was lower than
in controls (Rinaldi et al., 2008b). Thus overall, when stimulated
individually VPA-neurons were hypo-excitable, which could not
account for hyper-reactivity to network stimulation. We then
tested if reduced inhibition could account for the microcircuit
hyper-reactivity. Inhibitory currents were increased propor-
tionally to the increased excitation in the neocortex, indicating
that the excitation was able to recruit a constant matching level
of inhibition without an imbalance developing (Rinaldi et al.,
2008b). In the amygdala however, we found that inhibition was
greatly reduced (Markram et al., 2008), resulting in an excitation/
inhibition imbalance. Thus, these results paint an ambiguous
picture for the hypothesized imbalance of excitation and inhibi-
tion in autism (Casanova et al., 2003; Rubenstein and Merzenich,
2003). As far as the neocortex is concerned, excitation is bal-
anced perfectly well with inhibition in VPA-treated offspring,
while in the amygdala an imbalance toward increased reactivity
due to a loss of inhibition can be observed. It remains to be
examined if the loss of inhibition is the primary mechanism of
producing hyper-reactive microcircuits in brain areas that have
a high incidence of inhibitory neurons, such as the amygdala or
the cerebellum.

We then examined if changes in morphology could account
for the observed hyper-reactivity. Morphological examination of
3D reconstructions of somatosensory pyramidal neurons did not
show any significant differences in the extent of axonal or dendritic
arbors, in the spine or bouton densities, and in the size of pyramidal
neuron somata. There was also no change in the number of pyrami-
dal neurons or in the level of apoptosis (Rinaldi et al., 2008b).

In summary, the neuronal network response in VPA-treated
offspring is greatly amplified, resulting in hyper-reactivity to
network stimulation as a common denominator between several
distinct brain regions (Figure 1). Several potential mechanisms
can be excluded to underlie this hyper-reactivity, such as more
excitable neurons or stronger excitatory synaptic connections, or
changes in morphology. Quite to the contrary, VPA-neurons seem
to be hypo-excitable, as if they were to compensate the strong
network hyper-reactivity. A loss of inhibition can be a potential
mechanism to account for hyper-reactive microcircuits in some,
but not in all, brain regions. In the neocortex, inhibition matched
excitation levels.

After excluding all above parameters, we examined synaptic con-
nectivity patterns between neurons as a potential mechanism for
the observed hyper-reactivity.

HYPER-CONNECTIVITY

Alterations in synaptic connectivity in autism were proposed pre-
viously (Belmonte et al., 2004a; Just et al., 2004; Courchesne and
Pierce,2005b). Several fMRI studies suggested that long-range con-
nections between different brain areas are underdeveloped in autism
(Horwitz et al., 1988; Castelli et al., 2002; Welchew et al., 2005; Just
et al., 2007), and by extrapolation, that short-range connections
may be overly developed (Casanova, 2004; Courchesne and Pierce,
2005a,b; Courchesne et al., 2005; Mottron et al., 2006). While in the
human connectivity can be deduced only indirectly (e.g., through
synchronization states between different brain regions), the ani-
mal model poses the advantage of a direct and quantitative assess-
ment of neuronal connectivity. We examined the number of direct
connections established between excitatory pyramidal neurons
as well as between excitatory pyramidal neurons onto inhibitory
interneurons within the microcircuitry of the somatosensory and
prefrontal cortex using paired neuron recordings in brain slices of
VPA treated and control offspring. We found an increase of around
50% of both neuronal connection types, excitatory, and inhibitory,
in VPA-treated offspring (Rinaldi et al., 2008a,b; Silva et al., 2009;
Figure 1). When examining the circuit in an unperturbed baseline
state, this hyper-connectivity was only found for very close neigh-
boring neurons confined to the typical dimensions of a neocortical
minicolumn (less than 50 pm intersomatic distances). However, we
also applied an advanced over-night stimulation protocol (for more
details see the following section on hyper-plasticity) and found that
hyper-connectivity could also emerge beyond the mini-columnar
range as a result of enhanced micro-circuit plasticity in VPA-treated
offspring (Silva et al., 2009; Figure 3).

In summary, VPA-treated neuronal microcircuits exhibited a
50% increase in connectivity between neurons. Hyper-connectivity
between neurons and thus enhanced information flow could be
the on the underlying mechanisms causing hyper-reactivity across
different brain regions.
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FIGURE 1 | Hyper-reactivity and hyper-connectivity in VPA-treated offspring.
Depicted are schematic neural microcircuits from control (top) and VPA-treated
offspring (bottom). Brain slices were electrically stimulated through multiple
stimulation electrodes underneath the slice —a multi-electrode array. The
responsiveness to this network stimulation was recorded from individually
patched cells. In comparison to controls, neurons from VPA-treated offspring
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\
\
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were excessively reacting to the stimulation as depicted in the exemplary
voltage traces. Further examination by recording from pairs of neurons revealed
that this hyperreactivity was due to the excessive connectivity in VPA-treated
microcircuits (schematically depicted by the red half-circles). The connection
probability was increased by approximately 50% in microcircuits from
VPA-treated offspring.

HYPER-PLASTICITY

Memory processes are often altered in autism, but research in this area
has produced quite controversial results with hypothesis postulating
amnesia (Boucher and Warrington, 1976) normal (e.g., Renner etal.,
2000; Toichi and Kamio, 2002) and enhanced memory functioning
(Searsetal., 1994; Caron etal.,2004). Long-term potentiation (LTP)
is the neuronal mechanism widely assumed to underlie memory

formation (e.g., Muller et al.,2002). We therefore examined whether
synaptic plasticity was affected in the VPA-treated somatosensory
cortex, prefrontal cortex, and amygdala following a Hebbian pair-
ing stimulation protocol. In all three brain regions, the amount of
LTP was doubled in VPA-treated offspring as compared to controls
(Rinaldi et al., 2007, 2008a; Markram et al., 2008; Figure 2). In the
neocortex at the age of 2 weeks, LTP usually takes on a presynaptic
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FIGURE 2 | Cellular hyper-plasticity in VPA-treated offspring. Long-term controls across all three recorded brain regions, the somatosensory cortex (S1),
potentiation (LTP) is increased in neurons from VPA-treated offspring as the medial prefrontal cortex (mMPFC) and the lateral amygdala. Results
compared to controls. The graphs depict the percentual increase in response rearranged from original research articles (Rinaldi et al., 2007 2008a; Markram
amplitude recorded from neurons before and after a strong electrical stimulation. et al.,, 2008), with permission from PNAS, Neurospychopharmacology, and
Increases are at least two to four times higher in VPA-treated offspring than Frontiers in Neural Circuits.

form by increasing the release of glutamate (Markram and Tsodyks,
1996). This type of presynaptic LTP was normal in the VPA-exposed
animals. However, postsynaptic LTP, normally not present at this
age in the neocortex, contributed significantly to the enhanced
responses. This additional and boosted form of postsynaptic LTP
was found in both neocortical layers 2/3 and layer 5 pyramidal neu-
rons. These results indicate that glutamatergic synapses are remark-
ably hyper-plastic in this animal model of autism.

Previously, we found that connectivity between neurons can also
change as a result of each stimulation to reconfigure the network —
termed “microcircuit plasticity,” which is a form of wiring plasticity
(Le Be and Markram, 2006). To test the rewiring capacity of the
micro-networks, brain slices from VPA-treated and control rats
were perfused with glutamate overnight and neuronal connectivity
patterns were established before and after the stimulation. Indeed,
in brain slices from VPA-exposed rat offspring we found a strik-
ing increase in the rate at which neurons connect and disconnect
to rewire the circuit (Figure 3). Interestingly, this increased rate
of rewiring was particularly pronounced above the intersomatic
distance of 50 pum, which lies beyond the mini-columnar range.
Within the mini-columnar range (intersomatic distances below
50 pm) the VPA-treated circuit seemed to be saturated, since con-
nectivity is already increased at baseline levels. These results indi-
cate a remarkably increased capacity for rewiring microcircuits
as a result to stimulation and learning experiences. This suggests
that the microcircuits in this animal model of autism do not only
react excessively and modify their existing synapses in a stronger
manner, but that overall the microcircuits are also more adaptive
to stimulation (Silva et al., 2009).

HYPER-NMDA RECEPTOR EXPRESSION

The glutamatergic neurotransmitter and receptor systems, particu-
larly N-methyl-p-aspartate (NMDA ), mediates synaptic plasticity
(Nicoll and Malenka, 1999) and alterations in this system could
contribute to the above observed hyper-plasticity. As compared
to control, the VPA-treated neocortex did not exhibit any altera-
tions in the AMPA receptor subunits GluR1, GluR2, and GIuR3

and the obligatory subunit of the NMDA receptor, NR1. However,
the NMDA receptor subunits NR2A and NR2B were more than
twofold over-expressed (Rinaldi et al., 2007). Electrophysiological
experiments that isolated the NMDA component of the synaptic
currents confirmed a boosted NMDA receptor mediated current
at these glutamatergic synapses. We further examined the various
second-messenger systems and found an enhancement in CaMKII
expression, which is known to mediate NMDA receptor plasticity
induction (Silva et al., 1992; Liao et al., 1995; Giese et al., 1998;
Lisman et al., 2002). We did not find any evidence at this age that
enhanced NMDA receptor levels might render neurons more vul-
nerable to neurotoxicity, but have not examined whether this could
cause damage later on in life.

HYPER-LEARNING

If neocortical columns are hyper-reactive and hyper-plastic, there
could be significant consequences for perception, attention, as well
as for learning and memory. We therefore examined whether these
changes had any impact on learning and memory tasks that depend
on the neocortex. The rat whiskers are comparable to the human
fingertips and each whisker is neatly represented in the barrel cor-
tex (Woolsey and Van der Loos, 1970), a part of the somatosensory
cortex. Rats use their whiskers to build spatial representations of
their environment, locate objects, and perform fine-grain texture
discriminations (Petersen, 2007). Rats can therefore be trained
with a reward to discriminate between a wide and narrow aperture
using their whiskers, a task which depends on the barrel cortex
(Krupa et al., 2001). VPA-exposed offspring learned and memo-
rized better to discriminate between apertures of different sizes
than normal control rats (Markram et al., 2007a) consistent with
the hyper-functionality.

HYPER-FEAR

It is widely established that the amygdala mediates the formation
and probably also storage of fear memories (LeDoux, 2003) and
enhances memory formation throughout other brain regions by
acting as an emotional amplifier (Cahill and McGaugh, 1996). Since
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FIGURE 3 | Microcircuit hyper-plasticity in VPA-treated offspring. Depicted are
schematic neural microcircuits from control (top) and VPA-treated offspring
(bottom). In this experiment, brain slices were perfused for 12 h with a glutamate
solution in order to stimulate the circuits and induce rewiring of connections (red
and blue half-circles). The connectivity probability between neurons was accessed
before (left panels) and after (right panels) the glutamate stimulation. In controls,
the connection probability increased significantly within a range of less than

50 um (red half-circles), which is the mini-columnar range, but did not change in
ranges higher than 50 pm (measured up to 200 um, blue half-circles), which is a
columnar range. In VPA-treated offspring, the connections probability was already
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increased within the short mini-columnar range (below 50 pm, red half-circles)
before the glutamate stimulation and did not increase any further after the
stimulation (right panel), because the connection capacity was already boosted
and probably saturated to a maximum at baseline levels. Indeed, controls only
reached a similarly high connectivity probability within the mini-columnar range as
VPA-treated offspring already exhibited at baseline levels after the 12 h stimulation
was applied. However, in VPA-treated offspring, the connectivity probability
increased significantly at ranges above 50 um (right panel, blue half-circles),
revealing a further remarkable rewiring capacity at the columnar range due to
stimulation — a feature “normal” control microcircuits did not exhibit.

we observed enhanced plasticity in the amygdala in the VPA model
of autism, we asked whether this would also manifest in enhanced
fear memory formation. Indeed, VPA-exposed offspring exhibited
greatly amplified conditioned cued and contextual fear memo-
ries when tested up to 3 months after conditioning (Figure 4).
Moreover, in VPA-treated offspring, this fear generalized to another

previously non-fear evocative tone and was more resistant to extinc-
tion than in controls (Markram et al., 2005, 2008). This indicated
that VPA-treated animals store fear memories in an exaggerated
and more persistent manner, generalize learned fear more easily to
similar stimuli and once fear to a particular stimulus configuration
is acquired it is difficult to erase.
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FIGURE 4 | Enhanced fear memories in VPA-treated offspring. Offspring of
VPA-treated dams exhibits normal fear conditioning during training, but
enhanced fear memories to the tone and context 1, 30, and 90 days after
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training, with the differences becoming more pronounced with time. Results
rearranged from original research article (Markram et al., 2008) with permission
of Neurospychopharmacology.

Anxiety and phobias are known features of autism (Muris et al.,
1998; Gillott et al., 2001; Evans et al., 2005) and were initially
reported by Kanner (1943) himself and are furthermore widely
claimed in anecdotal parental reports. Nevertheless, with the
exception of two studies (Bernier et al., 2005; Gaigg and Bowler,
2007), fear processing has largely been overlooked in autism
research and this was the first demonstration of enhanced fear
processing in an animal model of autism suggesting that this may
also be occurring in autism. Enhanced fear memory formation
and a progressive generalization of fears could have major con-
sequences on behavior and account for inappropriate reactions
to the environment, sudden and apparently inexplicable anxiety
attacks, loss of the finesse required in social interactions, and
phobias. Over-generalization may also accelerate the progression
in autism by more rapidly limiting the repertoire of safe stimuli,
environments, and situations. While deficits in extinction were
previously observed in autistic children (Mullins and Rincover,
1985; Sears et al., 1994; Coldren and Halloran, 2003) and may
lead to preservation tendencies observed in autism, fear extinction
was never studied in autism. If present, a deficit in extinguishing
acquired fear in autism would make it more difficult to relinquish
old fears that are no longer relevant or justifiable. This deficit
combined with longer-lasting fear memories that are also over-
generalized, could lead to a progressive and irreversible reduction

in the repertoire of acceptable stimuli and drive a complete lock
down and blanketing out of what would rapidly become a pain-
fully intense world.

THE INTENSE WORLD THEORY OF AUTISM

The challenge for any unified theory of autism is to understand the
common cause for the wide spectrum of autistic disorders and
the autistic traits that are found in other disorders, if there is one.
The Intense World Theory proposes that autistic traits could emerge
if a molecular syndrome is activated that sensitizes gene expression
pathways to respond excessively to environmental stimulation. Under
normal conditions such pathways would enable enriched environ-
ments to nurture brain development, but if these pathways are
sensitized, then environmental stimulation may cause exaggerated
and accelerated development of the brain in general and the gluta-
matergic system of neural microcircuits in particular. Microcircuit
glutamatergic hyper-functionality in the neocortex could cause
hyper-perception, hyper-attention, and hyper-memory, which are
proposed as the core triad of cognitive traits common to all autistic
symptoms. Microcircuit hyper-functionality in the limbic system
could cause hyper-emotionality adding a forth dimension that could
scale the cognitive impact of the triad pathology. The severity on each
of these four axes could perhaps account for autism on any part of the
spectrum. The sensitivity to the environment could drive the brain
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to develop in a premature sequence and in a manner that enhances
functionality. At its peak, the environment could become excessively
intense and set in motion a systematic regression to where the brain is
forced to take refuge in a highly specialized “cocoon” where extremes
and surprises are actively avoided and blocked out.

The specific molecular cascade that drives hyper-functionality in
brain microcircuits is not thought to be necessarily the same in dif-
ferent parts of the brain since there may be different ways to produce
hyper-functionality in different regions and we therefore propose
a common syndrome rather than a common specific molecular
cascade, for all brain regions. The characteristics of the syndrome
could be an exaggerated response to stimulation. In the brain, this
common molecular syndrome is proposed to have a dual effect
of causing hyper-reactivity and hyper-plasticity of microcircuits to
produce hyper-functionality (Figure 5).

In the neocortex, the consequences could be severe, because
microcircuits lie within functional modules called neocortical
columns and if these columns are hyper-functional, the delicate

balance between intra- and inter-columnar processing would be
upset. The approximately million neocortical columns in humans
each need to be precisely excited and inhibited to coordinate higher
brain functions and complex behavior. Excessive intra-columnar
processing, particularly during development, could enhance the
most elementary sensory, motor, and cognitive processes at the
expense of being able to orchestrate “symphonies” of higher cog-
nitive functions. With excessive learning and memory processes,
sensory regions could consolidate into overspecialized modules and
lead to hyper-preference processing. During early development,
this may lead to excessive flow of information from sensory areas
to the higher integration areas such as the association cortices and
prefrontal lobe which may cause prematurely accelerated growth
of these higher order brain areas, as indeed observed in autism
(Courchesne et al., 2001; Carper et al., 2002), but this is only one
out of several possible explanations for this phenomenon. Deficits
in higher brain functions such as executive control and holistic
processing may also be better explained by overly autonomous

predisposition

Environmental
factors during
postnatal Toxic insult
i development f :
Genetic p (epigenetic

NS

! [
| Molecular Syndrome ,
.

attack)

/” Hyper-reactive

Hyper-plastic N

FIGURE 5 | The hyper-functional circuits in autism. As suggested by the
Intense World Theory three etiological factors (a genetic predisposition; an
epigenetics attack in form of a toxic insult; environmental factors during
postnatal development) cause autism by activating a molecular syndrome that
may be different across different brain regions, but that leads to hyperfunctional
microcircuits (expressed as hyperreactivity and hyperplasticity) in all brain
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regions. Two regions known to be affected include the neocortex and amygdala
and we hypothesize that other regions may be similarly affected. The
consequences on cognitive processing include hypersensitivity, -perception,
-attention, -memory, -fear, and -emotionality. \We propose that this leads to an
intense, fragmented, and aversive world syndrome for the autistic child, which
could account for a spectrum of behavioral abnormalities.
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elementary modules rather than deficits in these areas or weak
long-range connectivity. Indeed, structural MRI indicates higher
levels of white matter in the cerebrum and cerebellum in young
children with autism (Courchesne et al., 2001; Carper et al., 2002),
which — in the light of the Intense World Theory — could be inter-
preted as a compensatory action to coordinate excessive activity in
columns within and between different brain areas.

More specifically, each neocortical column is known to be
involved in processing multiple features of stimuli. In the visual
cortex for example, such features include the orientation, spatial
frequency, contrast or color (Hubel and Wiesel, 1962; Tootell et al.,
1981). The emphasis that each column must place on processing the
different features is carefully crafted to allow the neocortex to simul-
taneously specialize in processing many different features locally
and generalize in combining features globally. Hyper-reactivity
and hyper-plasticity could act synergistically during experiences
to enhance sensitivity to features and consolidate memories of
features processed. Selective feature sensitivity would more easily
allow specific features to trigger column processing, but could make
it more difficult to activate other features (and tasks) and to inter-
rupt any processing, once started. Overly strong consolidation of
memories of the processing of features in development could also
rapidly lead to dominance of the earliest features (“impressions”)
and avoidance of processing of other features (manifesting in higher
thresholds). Such hyper-autonomous and overly selective columns
could make bottom-up control of the activation of columns from
the thalamus and top-down control from higher associational areas
more difficult leaving the neocortex fragmented into independent
modules that are difficult to control and coordinate — an exagger-
ated and runaway response to stimulation.

Hyper-preference processing in the sensory domain could lead
to exaggerated selectivity, sensitivity, and specialization of sen-
sory features and hence hyper-perception, while hyper-preference
processing in cognitive processing in general could lead to hyper-
attention and in the memory domain, to hyper-memory. Therefore,
the degree of hyper-preference processing in neocortical regions,
areas and columns and the normal variation of individuals, could
contribute a spectrum of autistic traits all manifesting as part of
an Intense World Syndrome.

The molecular syndrome, however, also seems to extend beyond
the neocortex. While in the neocortex this drives hyper-functional-
ity by hyper-connecting neighboring neurons to produce excessive
excitation and by hyper-expressing NMDA receptors to produce
excessive plasticity, in the amygdala inhibition is also reduced.
The amygdala contains relatively higher numbers of inhibitory
interneurons than in the neocortex and reducing inhibition may
be more effective in causing hyper-functionality than hyper-
connecting through glutamatergic synapses. Hyper-functionality
in the amygdala (and related emotion centers) could add a very
important hyper-emotional dimension to the triad pathology to
render the already intense world progressively more painful and
aversive with each experience leading to a progressive lock down
and social withdrawal.

While the Intense World Theory is primarily based on experi-
mental data derived from the neocortex and the amygdala, we do
not exclude that the same molecular syndrome driving hyper-
reactivity and hyper-plasticity could be active in other structures

of the forebrain or the mid- and hindbrain as well. For example, it
is well established that the cerebellum is strongly affected in autism
with decreased numbers of the inhibitory Purkinje cells (Ritvo etal.,
1986; Bailey et al., 1998; Bauman and Kemper, 2005), which would
predict hyper-reactivity. It is also known that there are increased
white matter volumes (Courchesne et al., 2001) which would
increase activation of brain regions from other regions. Indeed,
others already postulated a disinhibition of the cerebellum that
would lead to increased reactivity and could alter connectivity not
only within the cerebellum, but also across the cerebello-thalamo-
corticial circuits (Carper and Courchesne, 2000; Belmonte et al.,
2004b; Boso et al., 2010).

In summary, autonomously acting hyper-functional micro-
circuits in the neocortex may cause exaggerated perception to
fragments of a sensory world that must normally be holistically
processed, and may cause hyper-focusing on fragments of the sen-
sory world with exaggerated and persistent attention. This hyper-
attention could become difficult to shift to new stimuli due to the
difficulty for bottom-up and top-down mechanisms to coordinate
the overly autonomous low-level neocortical columns. The hyper-
plasticity component may also drive exaggerated memories to fur-
ther amplify hyper-attention toward the same stimulus and drive
over-generalization of attention to all related forms of the stimulus.
The positive consequences are exceptional capabilities for elemen-
tary and specific tasks while the negative consequences are impair-
ment of holistic processing, a rapid lock to a limited repertoire of
behavioral routines, which are then repeated obsessively.

As a consequence the autistic person would remain with a frag-
mented and amplified perception of bits and pieces of the world.
The intense world that the autistic person faces could also easily
become aversive if the amygdala and related emotional areas are sig-
nificantly affected with local hyper-functionality. The lack of social
interaction in autism may therefore not be because of deficits in the
ability to process social and emotional cues, but because a sub-set
of cues are overly intense, compulsively attended to, excessively
processed and remembered with frightening clarity and intensity.
Typical autistic symptoms, such as averted eye gaze, social with-
drawal, and lack of communication, may be explained by an initial
over-awareness of sensory and social fragments of the environ-
ment, which may be so intense, that avoidance is the only refuge.
This active avoidance strategy could be triggered at a very early
stage in a child’s development and could progress rapidly with each
experience manifesting as a regression, which is striking in some
cases. With such early over-specialization, many other important
elementary certain skills may never be properly developed to enable
normal navigation in a socially rich world with an appropriate
understanding of social cues and communication. As already stated
by other authors (for example Frith, 2003) “autism affects develop-
ment, and in turn development affects autism” (p. 2). Compiling
higher order functions such as abstract thought and language when
the elementary alphabet of features is so overly attended to may
become difficult if not impossible in severe cases.

SUPPORT, CONTRADICTIONS, AND UNIFICATION

The Intense World Theory proposes that core elementary cognitive
consequences in any child on the autistic spectrum are hyper-per-
ception, hyper-attention, hyper-memory, and hyper-emotionality.
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Hyper-capabilities are one positive aspect of such a brain, sensory
overload, avoidance of stimulus-loaded situations and rapid lock-
down into behavioral routines are the downside of it. The next
four subsections will examine if there are indeed any indications
for such postulates in the autism literature.

The remaining subsections will discuss support for the main
neurophysiological postulates of the Intense World Theory, namely
hyper-reactivity and hyper-plasticity.

In each section we propose support for these postulates, point
out possible data contradictions and contradictory postulates of
other neurological and/or psychological autism theories. Finally,
the Intense World Theory proposes to be a unifying theory of autism
and as such will attempt to resolve apparent conflicting data, inter-
pretations, views and hypotheses, and reconcile debates.

HYPER-PERCEPTION

Super-charged microcircuits in primary sensory areas could pro-
duce enhanced sensitivity to sensory stimulation and sensory over-
load. It is often reported that autistic children are hyper-sensitive
to touch, noises and visual input and react with temper tantrums,
extreme anxiety, and even panic when exposed to novel or stim-
ulus-overloaded situations. Sensory stimuli that are bearable and
normal to a typically developing child may be unbearable to an
autistic child. A person who is suffering from sensory overload will
naturally avoid situations that are unpredictable and filled with
aversive stimuli, such as supermarket visits, social encounters etc.
The hyper-sensory component of autism is for example epitomized
in the personal account of the well-known autistic Temple Grandin
(Grandin, 1996). Autistics also pay extreme attention to detail and
can notice the smallest changes in their environment. These every-
day experiences are supported by a number of rather recent quan-
titative scientific studies, which point to the superior performance
of autistics in a variety of auditory and visual tasks.

In the auditory domain, autistics exhibit enhanced discrimina-
tion between auditory stimuli (Bonnel et al., 2003), more accurate
local target detection of auditory stimuli (Mottron et al., 2000)
and diminished global interference on auditory processing (Foxton
et al., 2003). Moreover, autistic individuals also exhibit impaired
pre-pulse inhibition (McAlonan et al., 2002; Perry et al., 2007). In
this paradigm, an auditory softer pre-pulse reduces the reactivity to
a second louder pulse, a well-known phenomenon which is called
“pre-pulse inhibition” and represents a form of sensorimotor gat-
ing. Impaired pre-pulse inhibition in autistics suggests impaired
inhibitory regulation of more complex forms of sensory processing
and may be a contributing factor to sensory overload.

In the visual domain, autistics exhibit enhanced visual discrimi-
nation capabilities (Plaisted et al., 1998; O’Riordan and Plaisted,
2001; O’Riordan et al., 2001), faster target detection in feature and
conjunctive visual search (O’Riordan et al., 2001; Jarrold et al.,
2005), more accurate local target detection (Plaisted et al., 1999),
diminished global interference on visual processing (Mottron et al.,
2003), and enhanced orientation discrimination of first-order grat-
ings (Bertone et al., 2005).

In general, autistics perform better than controls on tasks that
favor the detail-oriented, “piece-meal” processing of stimuli, which
gave rise to cognitive theories such the Weak Central Coherence
Theory (Frith, 1989; Frith and Happé, 1994; Happé, 1999) and

Enhanced Perceptual Functioning Theory (Mottron and Burack,
2001; Mottron et al., 2006). For example, autistic individuals per-
form better on the Wechsler Block Design task, which is due to a
greater ability to segment the whole design into its component parts
(Shah and Frith, 1993), the Embedded Figures Test, which requires
to spot and reproduce a figure from a complex background (Shah
and Frith, 1983; Jolliffe and Baron-Cohen, 1997) and graphical
reproductions of impossible figures (Mottron et al., 1999). On the
other hand, autistics seem to perform worse on tasks that require
holistic and contextual processing of stimuli (Happé and Frith,
1997). These results were summarized in and emerged from the
Weak Central Coherence Theory, which claims that autistic percep-
tion is characterized by a focus on details at the expense of feature
integration and holistic Gestalt-processing. Actually, it is postulated
that a deficit in holistic top-down processing of sensory informa-
tion produces the advantage for local detail processing (Frith, 1989;
Frith and Happé, 1994; Happé, 1999). Later it was suggested that
enhanced detailed-focused perceptual processing per se, rather than
a failure in central processing, is the root cause (Plaisted et al.,
2003) and the theory was revised accordingly more recently (Happé
and Frith, 2006). This is also the main hypothesis of the Enhanced
Perceptual Functioning Theory, which claims that the main features
of autistic perception are locally oriented perception and enhanced
low-level discrimination (Mottron et al., 2006).

The Intense World Theory also predicts enhanced perception
of sensory fragments, focus on details and piece-meal perception
and a deficit in complex and more holistic processing and therefore
encompasses these different theories. The Intense World Theory
however explains integration deficits differently from the Weak
Central Coherence Theory, namely as arising from autonomous
hyper-functional neocortical columns that are more difficult to
control and orchestrate by both top-down and stimulus entrain-
ment by bottom-up mechanisms, rather than a deficit in top-down
pathways or mechanisms. The consequences are however the same
as those predicted by the Weak Central Coherence Theory and the
Enhanced Perceptual Functioning Theory.

HYPER-ATTENTION

Attention is a conglomerate of different functionalities, includ-
ing sustained attention, orienting attention, response inhibition,
and set shifting (Posner and Petersen, 1990). Sustained attention
is defined by the ability to maintain attention to repetitive stimuli
over prolonged periods of times. Orienting refers to the capability
to disengage attention, shift attention, and re-engage attention.
Response inhibition refers to the capability to suppress irrelevant
or interfering stimuli and finally, set shifting is thought to reflect
cognitive flexibility and refers to the ability to shift to a different
thought or action according to changes in a situation.

Autistics are well known to pay abnormal and obsessive attention
to detail, and to note and record their environment with exquisite
clarity. They can become hyper-focused and locked-in on appar-
ently arbitrary subjects of interest and sustain their attention on
these subjects for unusually long time periods. However, they are
also known not to pay attention to things on demand, for example
when pointed out by parents, being called by their name or when
somebody enters the room. It is in fact notoriously difficult to
engage their attention on demand. We suggest that this apparent
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attention deficit is the result of excessive on-going processing and
excessive attention to endogenous domains where attention is fed
back onto oneself. As a consequence of this internal hyper-focus,
it would be more difficult for another person to command the
autistic person’s attention as well as it would be more difficult for
the autistic person himself to command his own attention volun-
tarily. This form of exaggerated self-engrossment with internally
on-going processes could perhaps also explain the apparent deficit
in theory of mind so often reported in autism.

The scientific literature reports normal sustained attention in
autism (Garretson et al., 1990; Buchsbaum et al., 1992; Siegel et al.,
1995; Pascualvaca et al., 1998; Noterdaeme et al., 2001; Voelbel et al.,
2006; Johnson et al., 2007), deficits in orienting attention (Casey
et al., 1993; Wainwright-Sharp and Bryson, 1993; Courchesne
et al., 1994; Townsend et al., 1996; Wainwright and Bryson, 1996;
Rinehart et al., 2001; Belmonte and Yurgelun-Todd, 2003; Renner
etal.,2006), deficits in disengaging attention (Landry and Bryson,
2004),impaired set-shifting response, such as on the Wisconsin Card
Sorting test (Rumsey and Hamburger, 1988; Szatmari et al., 1989;
Prior and Hoffmann, 1990; Ozonoff et al., 1991, 1994; Ozonoff,
1995; Shu et al., 2001) and other set-shifting tasks (Geurts et al.,
2004; Ozonoff et al., 2004; Kenworthy et al., 2005; Verte et al., 2005).
Conflicting results are reported concerning impaired response inhi-
bition, which may be normal (Ozonoff and Strayer, 1997; Goldberg
etal.,2005) or impaired (Johnson et al.,2007; Luna etal.,2007). The
impairments are usually attributed to an executive function deficit
in autism mediated by an under-performing prefrontal cortex (for
review see Sanders et al., 2008).

The Intense World Theory suggests that hyper-functional micro-
circuits become autonomous processing modules that are difficult to
control voluntarily. Once activated these columns may reverberate
and not require continual external stimulus entrainment and can
easily escape top-down control from areas such as the prefrontal
cortex. It is understandable that this has been interpreted as a defi-
cit in the prefrontal functioning, but in fact the prefrontal cortex
may even be over-performing in its attempts to catch up with the
runaway columns. In fact, we found the same hyper-functionality
caused by hyper-connectivity and hyper-plasticity in the prefrontal
cortex as in the somatosensory cortex in the animal model of autism
(Rinaldi et al., 2008a). The prefrontal cortex may therefore actually
be over-performing, but relative to other activity in the neocortex
only appear as if it is under-performing. Indeed, autistic subjects
exhibit hyper-activation in this brain area as revealed in recent fMRI
studies (Gomot et al., 2008; Knaus et al., 2008; Dichter et al., 2009;
Belmonte et al., 2010) and structural MRI studies most commonly
report an overgrowth of ipsilateral cortico-cortical connections and
this overgrowth of white matter is most pronounced in the prefron-
tal cortex (e.g., Herbert et al., 2003., 2004; Hardan et al., 2006; Craig
etal.,2007). This is more consistent with a hyper-functional prefron-
tal cortex than weak long-range connections as usually interpreted
from fMRI studies (Just et al., 2004, 2007; Koshino et al., 2005, 2008;
Cherkassky et al., 2006; Kana et al., 2006, 2007).

HYPER-MEMORY AND INTELLECT

Enhanced learning and memory as proposed by the Intense
World Theory, could explain the astonishing savant talents, such
as exceptional memory for music, extraordinary calendar and

numerical calculations, the ability to draw complex scenes in
exquisite detail from memory, or extraordinary factual memory
(Pring, 2005; Treffert, 1999). However, the general tendency in
autism research is to consider these exceptional cases almost as
“aberrations of autism” only present in a small subsection of
the autistic spectrum. Most (70-75% of the cases) autistics are
usually classified as mentally retarded with diminished cogni-
tive capabilities (American Psychiatric Association, 1980, 1987,
1994, 2000; Lord and Spence, 2006). Within this framework the
most puzzling question is: can hyper-memory then be a core
cognitive abnormality in all of autism? This chapter briefly
discusses the state of memory research in autism and makes a
statement regarding the general vista of low cognitive capabili-
ties and mental retardation in autism. We argue that enhanced
memory capabilities in autism may lie at the heart of many core
symptoms of autism.

Initial scientific studies on autistic memory postulated a mem-
ory dysfunction rather than hyper-function behind the deficits
in social interactions and language deficits. In particular, the pre-
vailing opinion was to compare autism to amnesia (Boucher and
Warrington, 1976). Later studies could not substantiate this claim
and the current research vista states that basic perceptual based
memory functionality in the visual, auditory, spatial, and even
verbal domains is normal or even enhanced, but deteriorates with
increasing complexity and contextual enrichment (Minshew et al.,
1992,1997; Rumsey and Hamburger, 1988; Minshew and Goldstein,
2001; Toichi and Kamio, 2002; Williams et al., 2005, 2006). The
conclusions is that an underlying core deficit in Executive Function
(Ozonoff etal., 1991; Bennetto et al., 1996) or a deficit in Complex
Information Processing (Minshew and Goldstein, 1998) contribute
to this type of memory dysfunctions.

The Complex Information Processing Disorder Theory of autism
(Minshew and Goldstein, 1998) proposes an increasing impair-
ment in integrating progressively more complex information due
to a failure of neuronal integration mechanisms across different
brain regions, the so-called functional Under-Connectivity Theory
(Just et al., 2004) and thus explains memory deficits for complex
and abstract material. While the Intense World Theory also predicts
deficits in integration mechanisms, the latter theory suggests that
the underlying neuronal mechanism is that of low-level hyper-
functional and autonomous columns that excessively process and
store simple features. Thus, the Intense World Theory predicts that
simple classical and operant conditioning mechanisms as well as
low-level and simple perceptual memory processing should be
enhanced in autism. Indeed, such enhanced memory capabilities
were already observed in classical conditioning paradigms (Sears
etal., 1994) and some perceptual memory paradigms (Toichi and
Kamio, 2002; Caron et al., 2004).

However, the general tone of the vast majority of studies is to
find and define, with increasingly minuscule detail “deficits” and
“impairments” in autistic memory and hypothesize about their
contributions to the autistic syndrome. Normal and in particu-
lar enhanced memory capabilities (Sears et al., 1994; Toichi and
Kamio, 2002; Caron et al., 2004) are usually ignored in neuropsy-
chological theories of autism, with the notable exceptions of the
Enhanced Perceptual Functioning Theory (Mottron et al., 20065
Mottron et al., 2010) and Extreme Male or Systemizing Theory
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(Baron-Cohen, 2002). As noted above the current research vista
strongly associates autism with the stigma of mental retardation
and low intelligence. However, is there really a foundation for
this association? Taking into account the profound consequences
of this type of stigmatization, it is a rather astonishing fact that
typical diagnostic procedures for autism (such as the Diagnostic
and Statistical Manual of Mental Disorders, the Autism Diagnostic
Observation Schedule or Autism Diagnostic Interview) do not
include a proper cognitive evaluation, but focus on the sympto-
matic triad of social impairments, communication deficits, and
repetitive behaviors (American Psychiatric Association, 1980,
1987, 1994, 2000). Along this line, a meta-study evaluating 215
research articles published between 1937 and 2003 with claims
about mental retardation found that 74% of these claims came
from non-empirical sources, of which 53% were never traced back
to empirical data. Astonishingly, most of the empirical evidence
was published 25-45 years ago and based on measures of devel-
opment rather than tests of intelligence or cognitive capabilities
(Goldberg Edelson, 2006). But even when autistic intelligence is
tested with approved intelligence tests it is necessary to interpret
the results with caution. The most commonly used test to meas-
ure intelligence is the Wechsler Intelligence test and it was widely
applied in autism research, yielding a characteristic profile of weak
executive function, low working memory, and low abstracting skills
(Happé, 1994). Autistic people would usually perform well only on
one subscale, the Block Design test, which requires assembling a
geometrical figure from memory. In general, however, the Wechsler
Intelligence test is heavily based on verbal skills, command of lan-
guage, and uses questions that require social and practical under-
standing. Based on this test, intelligence was generally classified
as low in autism with exceptional islets of performance (Happé,
1994). However, this view is now being seriously challenged from
a number of quarters. A recent study compared performance
of autistic children and adults on the Wechsler and the Raven
Progressive Matrices Intelligence Test. This test measures high-level
analytical reasoning, such as inferring rules, managing hierarchical
goals, and forming high-level abstractions in a presumably non-
verbal way (Raven etal., 1998). In comparison to the Wechsler Test,
autistic subjects had higher intelligence scores on the Raven Test
and did not differ from control subjects, suggesting grossly under-
estimated fluid intelligence and cognitive capabilities in autism
(Dawson et al., 2007). Further support for under-estimated intel-
ligence and abstracting skills stems from the Extreme Male Theory,
which suggest that the prominent cognitive style is autism is prone
toward analyzing the variables in a system, deriving the underlying
rules that govern it and to construct, predict, and control systems
(Baron-Cohen, 2002). This cognitive style is called “systemizing”
and reads like a conglomerate of higher order cognitive abstract-
ing capabilities that autistics were previously believed to be less
capable of. Research by Baron-Cohen and colleagues suggests that
autistics exhibit enhanced systemizing capabilities and evidence
cited for this are savant talents, attention to detail, preference for
rule-based, structured and factual information, higher scores on
tests of intuitive physics, preference for toys such as cars, obsession
with collecting items, obsession with closed controllable system,
such as computers, and enhanced systemizing quotients (reviewed
in Baron-Cohen, 2002).

Accumulation of this type of evidence poses a serious chal-
lenge to the current mostly deficit-oriented research approaches
in autism. The Intense World Theory suggests a novel strategy for
autism research of cognitive capabilities and proposes to study
idiosyncratic excessive memory formation patterns in autism.
Probably due to enhanced sensory processing and hyper-attention,
the Intense World Theory explicitly predicts excessive and idiosyn-
cratic memory formation in autism. While it needs to be clarified
if this hyper-memorization is a consequence of hyper-perception
and hyper-attention or a super-capacity on its own, learning and
memorization patterns in autism should be clearly different from
“normal” children and even vary substantially between autistic
children, depending on their early life experiences and exposure
to sensory material. While the case study literature and anecdo-
tal accounts were always numerous and rich in documenting
unconventional learning strategies and unexpected mnemonic
capabilities in autistic children and adults — often discovered
only accidentally by parents or care-takers (Baron-Cohen, 2003;
Dawson et al., 2008), a recent large-scale survey of parents of over
144 autistic children revealed that 43% of these children exhibited
exceptional memory capabilities for individually selective material.
In up to 10% this pattern was even striking (Liss et al., 2006). It is
easy to argue that hyper-plasticity at the columnar micro-circuit
level may account for these exceptional memory achievements as
well as the savant skills.

However, the Intense World Theory also draws attention to what
may be a serious oversight in autism research and diagnosis: that is
the downside of excessive memory processing. Excessive memory
in low-level sensory and elementary cognitive regions could lead
to an early over-specialization of feature processing and missed
developmental opportunities to acquire a full spectrum of low-
level processing strategies and to build higher order strategies.
This might lead to a fragmented alphabet of feature processing
capabilities in the vocabulary of sensory processing and impede
the development of higher cognitive functions such as abstract
thinking and language processing. The autistic person may also
become locked into powerful memories that are difficult to correct
or extinguish and that dominate every-day life. Quick and almost
arbitrary association building based on enhanced perception of
sensory features paired with excessive internal emotions — positive
or negative — may rapidly lock the person down into behavioral
routines. A failure to extinguish such associations may underlie
the insistence on sameness and obsession with routines and may
make rehabilitation difficult.

Finally, we would like to draw attention to fear memory forma-
tion in autism, a domain which has not yet received enough atten-
tion. While autism is clinically associated with enhanced anxiety
and phobias (Muris et al., 1998; Gillott et al., 2001; Evans et al.,
2005), the current scientific literature on fear memory formation
in autism is sparse, consisting of only two recent publications on
high-functioning autistic adults. Both of them report normal fear
conditioning (Bernier etal.,2005; Gaigg and Bowler,2007) and thus
stand in striking contradiction to the clinically observed enhanced
fears and anxiety. Based on the observed hyper-reactivity and hyper-
plasticity in the amygdala and concomitant enhanced fear memory
formation in the VPA model of autism (Markram et al., 2008), we
argue that further research on fear memory formation in autism
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(such as studying younger age groups, using varied fear condition-
ing paradigms including controls for context) will provide insights
into the underlying nature of withdrawal, social avoidance, and
awkwardness.

HYPER-EMOTIONALITY

The forth axis in the Intense World Theory is proposed to be hyper-
emotionality as an inevitable consequence of limbic hyper-reac-
tivity and hyper-plasticity. The amygdala, a key part of the limbic
system, plays a pivotal role in modulating and regulating emotional
responses (Davis and Whalen, 2001; LeDoux, 2003; Zald, 2003;
McGaugh, 2004; Adolphs, 2006) and a malfunctioning in this par-
ticular brain region has been proposed to underlie the social deficits
in autism (Baron-Cohen et al., 2000; Sweeten et al., 2002; Amaral
et al., 2003; Bachevalier and Loveland, 2006; Schultz, 2005). For
example, the Theory of Mind suggests that autistics are severely
impaired in “reading other people’s minds” and empathizing with
other people (Baron-Cohen et al., 1985). This theory involves two
elements: (1) the ability to attribute mental states to oneself and
others, to be able to distinguish between oneself and others and
realize that others have independent minds and may pursue dif-
ferent goals from oneself; (2) the ability to express an appropriate
emotional reaction to the other person’s mental state, thus to be
able to empathize with the others’ mind. The proposed deficits in
reading other people’s feelings and thoughts and the lack in empa-
thizing with other people have been commonly used to explain the
impairments in social interactions and communication as well as
inappropriate responses in social encounters even in high-function-
ing forms of autism such as in an Asperger. It was suggested that
these deficits are mediated by a not sufficiently activated amygdala
(Baron-Cohen et al., 1999; Critchley et al., 2000; Pierce et al., 2001).
These and other data, such as post-mortem examinations of amy-
gdaloid morphology (e.g., Kemper and Bauman, 1998; Schumann
and Amaral, 2006), amygdala lesion studies in non-human primates
(Bachevalier, 1994; but see also more recently, Emery et al., 2001;
Prather et al., 2001), as well as comparison between amygdala-
lesioned patients and autistics (Adolphs et al., 2001) have led to
the Amygdala Theory of autism (Bachevalier, 1994; Baron-Cohen
etal., 2000; Sweeten et al., 2002; Amaral et al., 2003; Bachevalier and
Loveland, 2006). In its current version it implies that the amygdala
is hypo-functioning, thus the autistic person does not “feel” enough
or does not process socio-emotional cues sufficiently (reviewed in
Markram et al., 2007b).

On the other hand there is evidence that the amygdala may
be overly activated in autism. First, structurally the amygdala is
enlarged in autism as early as 18 months of age and this enlarge-
ment persists throughout childhood until about 12 years of age
(Sparks et al., 2002; Schumann et al., 2004; Mosconi et al., 2009).
In adolescence the enlargement disappears (Schumann et al., 2004)
and by early adulthood the amygdala may even end up smaller than
in control subjects (Aylward et al., 1999; Rojas et al., 2004). These
changes may reflect an over-activation of the amygdala in early
childhood. Second, functional hyper-reactivity was demonstrated
when autistic subjects are confronted with socially relevant stimuli,
such as faces and eyes (Dalton et al., 2005; Kleinhans et al., 2009;
Monk et al., 2010). For example, Kleinhans et al. (2009) showed
that compared to controls the amygdala of autistic subjects exhibits

attenuated habitation to facial stimuli and that increased amygdala-
arousal in autistics was associated with increased social impairment.
Monketal. (2010) recently showed that right amygdala activation is
enhanced in autistic subjects during face processing when control-
ling for attention, that is when the autistic subjects pay attention
to the stimuli. Dalton et al. (2005) revealed that high-functioning
autistics showed greater activation in the right amygdala when
viewing familiar and unfamiliar faces and greater activation in the
left amygdala and also in the left orbito-frontal cortex when view-
ing emotional faces. Both areas form part of the emotion circuit
of the brain and increased reactivity to faces in these areas means
a heightened emotional response to these stimuli. Autistics in this
study also spent less time fixating the eyes region (deviant eye gaze
is a core feature in autism — American Psychiatric Association,
2000). Moreover, in autistics, but not in controls, the amount of
eye gaze fixation was strongly correlated with amygdala activation
when viewing both, inexpressive or emotional faces (Dalton et al.,
2005). This suggests that that eye gaze fixation is associated with
emotional and possibly negative arousal in autistics and this could
explain why autistics have “trouble looking other people in the
eye.” Eye contact and watching the facial expressions are one of the
first signs of cognitively healthy infants, are natural to people, and
serve to build the basis for successful navigation through a social
environment. For an autistic person however, these stimuli may be
just too intense or even aversive to cope with and hence they are
avoided. Obviously, continuous avoidance of a special class of cues
will consolidate feature preference processing and prevent learning
in this domain, thus some later developed social awkwardness and
inappropriateness described in autism may be due to this lack of
acquired knowledge. However, contrary to the deficit-oriented or
disconnected Amygdala Theory and Theory of Mind of autism, we
propose that the amygdala may be overtly active in autism, and
hence autistic individuals may in principle be very well able to
attend to social cues, feel emotions and even empathize with others
or read their minds, but they avoid doing so, because it is emotion-
ally too overwhelming, anxiety-inducing, and stressful.

The Intense World Theory proposes that amygdaloid hyper-
reactivity and hyper-plasticity may in particular provoke a dis-
proportional level of negative emotions and affect in autism, such
as elevated stress responses and anxiety as well as enhanced fear
memory formation. Enhanced phobias and anxiety levels were
first noted by Kanner himself in his original case studies (Kanner,
1943) and later confirmed by population studies on children with
autism (Muris et al., 1998; Gillott et al., 2001; Evans et al., 2005) and
their relatives (Micali et al., 2004). A peek into the autistic world
of increased anxiety, stress, and fear formation is delivered in the
fascinating introspection of autistics Temple Grandin and Sean
Barron, who vividly describe how anxiety and fear lead to social
withdrawal and avoidance (Grandin and Barron, 2005).

In the research community, the idea of generally enhanced
arousal levels in autism was brought forward in the mid sixties
(Hutt and Hutt, 1965; Hutt et al., 1965) and since then enhanced
autonomic activity, in terms of either enhanced reactivity to stimula-
tion, diminished habituation to stimuli or enhanced baseline levels,
was reported in autistics using skin conductance or cardio-vascular
indicators (Palkovitz and Wiesenfeld, 1980; James and Barry, 1984;
van Engeland, 1984; Barry and James, 1988; Hirstein et al., 2001;
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Ming et al., 2005) and increased stress responses were observed
measuring stress hormone levels in the blood stream (Lake et al.,
1977; Tordjman et al., 1997; Corbett et al., 2006). Interestingly, we
have also observed increased levels of the stress hormone corti-
costerone in the VPA-exposed rat offspring in the blood stream
(unpublished data). Thus, based on the human subject studies and
our VPA rat model data the Intense World Theory suggests that the
autistics perceive their surroundings not only as overwhelmingly
intense due to hyper-reactivity of primary sensory areas, but also
as aversive and highly stressful due to an overly reactive amygdala,
which also makes quick and powerful fear associations with usu-
ally neutral stimuli — fear of a color for example. A natural coping
strategy to deal with this kind of emotional overflow could be social
avoidance and withdrawal. In further support of this view, decreased
amygdala activation has been linked to genetic hyper-sociability
(Meyer-Lindenberg et al., 2005), whereas increased activation is
observed in social avoidance and phobia (Stein et al., 2002).

HYPER-CONNECTIVITY

Autism was previously proposed as a disorder of brain connec-
tivity (Belmonte et al., 2004a,b; Casanova, 2004; Just et al., 2004;
Courchesne and Pierce, 2005a,b; Courchesne et al., 2005; Mottron
et al., 2006; Geschwind and Levitt, 2007; Minshew and Williams,
2007). In human subjects, cortical connectivity can be studied either
on the anatomical or the functional level. White matter volumes
within or between brain regions indicate macro-anatomical con-
nectivity. Functional connectivity between brain regions is usu-
ally assessed as the amount of temporal activity synchronization
between these brain regions during task performance. By com-
paring synchronization states of autistic versus control subjects
abnormal functional connectivity patterns are deduced.

Magnet resonance imaging studies show that white matter
volumes are increased in young (2-3 years old) autistic children
in the cerebrum (18%) and cerebellum (39%) (Courchesne et al.,
2001). This increase is not uniform, but is most pronounced in
the frontal, followed by the temporal and parietal lobes, whereas
occipital lobes remain normal (Carper et al., 2002). In the same
two studies, older autistic children did not differ from healthy
children in terms of their white matter volumes, suggesting an
initial overgrowth of connections, followed by an abnormally slow
or arrested growth in later childhood and adolescence (Courchesne
etal.,2001; Carper et al., 2002). Herbert and colleagues examined
white matter in more detail in 6- to 11-year-old autistic children.
They subdivided cerebral white matter into an outer radiate zone
composed of intra-hemispheric cortico-cortical connections and
an inner zone composed of sagittal and bridging compartments
mainly containing the long-range ipsilateral association fibers,
projection fibers to sub-cortical regions and inter-hemispheric
commissural fibers. They found that while the long-range fibers
in the inner zone were not affected in the autistic group, the more
short-and middle-range fibers in the outer zone were increased in
volume in the autistic children. Consequently, they concluded that
short- and middle-range connections are overgrown in autistic
children (Herbert et al., 2004). Post-mortem studies indicate a
Minicolumnar Pathology in autism. Casanova et al. (2002) found
that minicolumns are in general narrower in the frontal and tem-
poral lobes of autistic brains than in “normal” brains. Both the

core, holding the cell bodies, as well as the neurophil, holding
unmyelinated axons from inhibitory interneurons as well as den-
dritic arborizations and synapses, were found to be reduced in
size. Two important, albeit speculative, conclusions were drawn
from these observations: (1) An increased number of process-
ing units as well as loss of inhibition in the neurophil could lead
to hyper-excitability (Casanova et al., 2002). (2) Increased num-
bers of minicolumns could contribute to increased short-range
connectivity (Casanova, 2004).

While structural imaging and post-mortem studies suggest an
overgrowth of short- and middle-range connections in autism,
functional imaging studies suggest reduced functional long-range
connectivity during complex task processing between occipital and
frontal or temporal lobes (Castelli et al., 2002), superior temporal
and inferior frontal lobes (Just et al., 2004), parietal and frontal
lobes (Horwitz et al., 1988; Just et al., 2007) as well as amygdala and
parahippocampal gyrus (Welchew et al.,2005). This led to the func-
tional Under-Connectivity Hypothesis of autism (Just et al., 2004),
which states that long-range connections between brain regions are
functionally impaired and thus complex information processing
is not properly integrated across brain regions. Just et al. (2004)
suggested that long-range under-connectivity may provide a useful
framework to explain executive function deficits, theory of mind
deficits, empathy deficits, complex information processing deficits,
and weak central coherence in autism.

The Intense World Theory is in accordance with the observed
anatomical short- and middle-range over-connectivity and it
contributes to the connectivity debate the first direct evidence at
the neurophysiological level that hyper-connectivity in the mini-
columnar range could be a major pathology in autism (Rinaldi
et al., 2008b). Furthermore, the Intense World Theory is based on
empirical evidence demonstrating that hyper-connectivity within
minicolumns produces hyper-reactivity and may render these basic
processing units overtly sensitive, autonomous and more difficult
to control. Thus, from this perspective, the observed functional
under-connectivity data do not necessarily mean that functional
long-range connectivity is weaker than in normal subjects, because
the lack of activation and control of distant brain regions may
be due to the difficulty to control and coordinate more autono-
mously active columns. Furthermore, the theory predicts that most
tests conducted on autistic children would face a serious challenge
of hyper-preference processing because the autistic person may
actively shut down processing of selected features and tasks and
prefer to perform different tasks, which could easily be confused
with generalized hypo-functionality of a brain region or pathway.
Anillustration of this point is discussed in the next section regard-
ing the fusiform face area and how conventional stimuli may fail
while non-conventional stimuli may succeed to activate a brain
region (Grelotti et al., 2005).

HYPER-REACTIVITY

Autism was described as a disorder of chronic hyper-arousal already
several decades ago (Huttand Hutt, 1965). Several studies suggested
enhanced central (Hutt et al., 1964, 1965; Hutt and Hutt, 1965) or
autonomic (Palkovitz and Wiesenfeld, 1980; James and Barry, 1984;
van Engeland, 1984; Barry and James, 1988; Hirstein et al., 2001;
Ming et al., 2005) arousal levels in autism, which is indicative of
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increased neuronal reactivity toward stimulation and/or increased
basal activity levels. Motivated by the need to explain the high ten-
dency for seizures and the sensory hyper-sensitivity more recent
hypotheses suggested autism to be characterized by an imbalance of
excitation and inhibition in the neocortex (Hussman, 2001; Casanova
et al., 2002, 2003; Rubenstein and Merzenich, 2003), with excita-
tion winning over inhibition and leading to hyper-reactivity. While
neuronal hyper-reactivity can be explained by reduced inhibition
(Hussman, 2001; Casanova et al.,2003) and many other mechanisms
(Rubenstein and Merzenich, 2003), the experiments on which the
Intense World Theory is based rule out most of these mechanisms
except a striking hyper-connectivity. These studies also rule out an
imbalance in excitation and inhibition in the neocortex (Rinaldi
etal.,2008b), but do find that inhibition is reduced in the amygdala
instead (Markram et al., 2008). A loss of inhibition is speculated in
brain regions where the inhibitory neurons are present in higher
fractions than in the neocortex since glutamatergic hyper-connec-
tivity may not be a sufficient driving factor for hyper-reactivity. This
prediction is consistent with a significant loss of inhibitory Purkinje
cells in the cerebellum (Ritvo et al., 1986; Rodier et al., 1996; Bailey
et al., 1998; Kemper and Bauman, 1998).

How does the postulate of overall neocortical hyper-reactivity fit
with functional neuroimaging and EEG studies that seem to sug-
gest hypo-activation and hypo-functionality in higher order brain
areas during task processing (Courchesne et al., 1984; Ciesielski
et al., 1990; Muller et al., 1998, 1999; Baron-Cohen et al., 1999;
Ring et al., 1999; Townsend et al., 1999; Critchley et al., 2000;
Schultz et al., 2000; Pierce et al., 2001, 2004; Castelli et al., 2002;
Luna et al., 2002; Belmonte and Yurgelun-Todd, 2003; Boddaert
et al., 2003; Hubl et al., 2003; Gervais et al., 2004; Just et al., 2004)?
The Intense World Theory proposes several possible explanations for
this apparent contradiction: Firstly, hyper-functional columns in
the primary areas could persistently interrupt high order process-
ing with their runaway processing. Secondly, high order areas must
face a major challenge to orchestrate hyper-reactive and hyper-
plastic columns, which may be impossible in severe cases of autism.
Thirdly, alack of synchrony or coherence in low order areas, do not
necessarily imply deficits within higher order areas. Fourthly, func-
tional imaging is baseline-based and these relative measures do not
accurately reflect absolute levels of activity. Thus, what appears as
hypo-activation in comparison, may actually be higher activation on
absolute terms. Fifthly, the Intense World Theory predicts that there
could be extreme feature preference selection and active avoidance,
which could severely limit the tasks that are valid comparisons for
each autistic subject.

The Intense World Theory therefore predicts that there could be
hypo-reactivity to many conventional stimuli that drive normal
brains, but hyper-reactivity to highly selective sets of preferred
stimuli depending on the unique interests and earliest impres-
sions of the specific autistic individual. This could drive highly
idiosyncratic activation patterns in autistics. An example for such
idiosyncratic activation pattern stems from the fusiform face area.
As suggested by its name, in normal subjects this area is highly
reactive to faces (for example Haxby et al., 1994; Puce et al., 1995;
Kanwisher, 2000). In autistic subjects, the fusiform face area is usu-
ally observed to be hypo-reactive (Critchley et al., 2000; Pierce
and Courchesne, 2000; Hall et al., 2003; Hubl et al., 2003; Piggot

et al., 2004; Wang et al., 2004), which has been taken as evidence
for abnormal face perception and social development in autism.
However, this observed hypo-functional area may activate to a dif-
ferent set of stimuli in autistics. For example, Grelotti et al. (2005)
studied a boy with autism who was an expert at distinguishing car-
toon characters known as “Digimon.” This boy exhibited reduced
activation of the fusiform face area to faces, but actually enhanced
activation to the Digimon images (Grelotti et al., 2005). The point
is that conventional stimulus paradigms may reveal a specific task
deficit, but not necessarily a brain deficit in general, that is reduced
reactivity toward conventional stimulation may not be indicative
of lower functionality of this brain area per se. The main problem
here and the challenge in the study of autism in general is that
conventional stimulus paradigms may be appropriate to reveal the
effective functional deficits for a specific task, but not optimal and
valid to dissect out the neuropathology of autism.

Why should the autistic brain exhibit such idiosyncratic stimulus
patterns and is this not an argument that could hold for any indi-
vidual’s brain? The autistic brain is particular, due to the proposed
hyper-reactivity and hyper-plasticity in circumscribed and autono-
mously acting microcircuits. Enhanced processing and memori-
zation during early development may imprint the young autistic
brain with very idiosyncratic memory pathways and lead to passive
and active avoidance of certain classes of stimuli — in particular
those with high arousal levels (faces, eyes, social situations, novel
environments, etc) and at the same time peculiar, almost random
preference for other classes of stimuli (certain food, certain rou-
tines, etc). These preferred stimuli and interests may activate even
higher order regions at normal and even above normal levels. An
additional factor that is brought up by the Intense World Theory is
that the autistic brain may actively avoid certain stimulus patterns
and tasks as part of the aversive component brought in by hyper-
emotionality. Active avoidance implies powerful gating of activity
that may not even be within the capability of normal subjects.

HYPER-GLUTAMATERGIA

Studies on the VPA rat model of autism revealed an over-expression
of the NMDA receptors in the neocortex, in particular the recep-
tor subunits NR2A and NR2B, as well as the CAM-kinase-linked
second-messenger pathway and these increases are correlated with
a hyper-plasticity of synaptic connections (Rinaldi et al., 2007).
The Intense World Theory therefore proposes that blocking NMDA
receptors in particular may reduce the hyper-plasticity component
of the autistic brains and therefore alleviate some autistic symp-
toms. Improvements should be best observed in behavioral routines
and obsessive preferences and dislikes, which should be manifest
consequences of increased absorption and storage of information.
From the Intense World Theory perspective, lessening of the exces-
sive processing and storage capability of the autistic brain should
also lead to a general “opening-up” to the world and environment.
However, it is not yet clear whether elevated NMDA receptor levels
occur in other parts of the brain. Preliminary studies in our labora-
tory show that other glutamatergic receptors may be elevated at
different developmental stages as well (unpublished data). Since
it seems that a molecular syndrome is active rather than a specific
molecular pathway, it may be that different brain regions achieve
hyper-plasticity using different mechanisms.
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Glutamate was introduced into the search for the neurotrans-
mitter abnormality in autism by proposing autism as a hypo-
glutamatergic disorder (Carlsson, 1998). This was not based on
measurements of glutamate levels, receptor expression or activation
of glutamatergic neurons, but on the observation that glutamatergic
antagonists may lead to sensory distortions and hyper-sensitivity
similar to those observed in autism. The glutamatergic hypoth-
esis swung to the opposite end to propose that autism could be a
hyper-glutamatergic disorder (Belsito et al., 2001). This was also not
based on specific measurements, but on reports that glutamate is
important for brain development, and excessive glutamate expres-
sion can cause toxicity and damage the brain, and since the autistic
brain was considered severely damaged (the a priori assumption),
it is important to block glutamate release. Based on this reason-
ing, clinical trials were begun to reduce glutamate transmission.
At about the same time two studies indicated abnormal gluta-
mate blood levels (see below). However, the drug lamotrigine, an
anticonvulsant that attenuates glutamate release, but that also has
numerous other effects including blocking Na* channels (Coulter,
1997), was not successful in attenuating autistic symptoms (Belsito
etal.,2001). On the other hand, treatment of autistic children with
amantadine hydrochloride, a partial NMDA receptor antagonist
(and also as an indirect dopamine agonist), usually used in young
children for influenza prophylaxis, was able to ameliorate some
autistic symptoms, such as hyperactivity and language problems
(King et al., 2001a,b). Further support for the beneficial effects of
NMDA receptor blockade in autism stems from a more recent clini-
cal study with memantine, a moderate NMDA receptor antagonist
(Chez et al., 2007). In an open-label add-on therapy memantine
was administered to 151 patients with prior diagnoses of autism or
Pervasive Developmental Disorder Not Otherwise Specified over a
21 month period. Improvements were observed in language func-
tion, social behavior, and self-stimulatory behaviors (Chez et al.,
2007). However, the results with NMDA receptor agents are not yet
straightforward and conclusive since another single-blind study on
10 autistic subjects with D-Cycloserine, a partial NMDA receptor
agonist at the glycine-B site of the NR1 subunit, also produced
improvements in social behavior (Posey et al., 2004). Within the
framework of the Intense World Theoryblocking excessive process-
ing and memory formation would lead to an amelioration of the
symptoms. Thus, we suggest that blockage of the glutamatergic
system, possibly through NMDA receptors, may provide a promis-
ing treatment strategy for autism.

Amino acids such as glutamate and aspartic acid or glutamate
receptor levels in the brain (Purcell et al., 2001; Page et al., 20065
DeVito etal.,2007) or in blood samples (Moreno-Fuenmayor et al.,
1996; Aldred et al., 2003; Shinohe et al., 2006) were not measured
until more recently. One post-mortem study compared glutamate
receptor expression in autistic and control brains and revealed that
the mRNA levels of the AMPA receptors GluR1, GluR2, and GluR3
were increased in the cerebellum of autistics. At the protein level
GluR1 and the NMDA receptor subunit NR1 were also found to
be increased in the cerebellum of autistic subjects. However con-
trary to the increase at the gene and protein level, determining the
density of glutamate receptors by autoradiography in the cerebel-
lum, prefrontal cortex, and caudate putamen revealed a significant
density decrease of AMPA receptors in the cerebellum of autistics.

NMDA receptor density was normal throughout these brain regions
(Purcell et al., 2001). Measurement of NMDA receptor levels may
however yield ambiguous results, because it possible that NMDA
receptor expression is stimulus-dependent. This could explain high
levels during brain development as observed in VPA-exposed rat
offspring (Rinaldi et al., 2007). These high levels might relax with
aging, but could be more readily induced.

Furthermore, both the mRNA and protein levels of EAAT 1
and EAAT 2 were found to be significantly increased in the autistic
cerebellum (Purcell etal.,2001). EAAT 1 and EAAT 2 are predomi-
nantly located on astroglia and their main function is to remove
glutamate from the extra-synaptic space (Danbolt, 1994). Since the
protein level and activity of glutamate transporters are controlled by
the extracellular glutamate concentration or by activity-dependent
mechanisms (Levy et al., 1995), increased EAAT 1 and EAAT 2
protein levels may be due to increased extracellular glutamate con-
centrations in autism. Using proton magnetic resonance spectros-
copy, higher concentrations of glutamate were also reported in the
amygdala/hippocampal pathway, but not the parietal cortex (Page
etal., 2006). Yet another recent study reported reduced composite
levels of glutamate/glutamine widespread in cerebral and cerebel-
lum gray matter (DeVito et al., 2007).

Glutamine, the precursor to glutamate, has been reported to be
deregulated in autistic brain tissue and blood samples (Rolf et al.,
1993; Moreno-Fuenmayor et al., 1996; Aldred et al., 2003; Page
et al., 2006; DeVito et al., 2007; but see also Shinohe et al., 2006).
Glutamate (Moreno-Fuenmayor et al., 1996; Aldred et al., 2003;
Shinohe et al., 2006) and aspartic acid (Moreno-Fuenmayor et al.,
1996) were also found to be increased in the blood of autistics (but
see also Rolf et al., 1993).

Several genetic studies point to the involvement of the glutama-
tergic system in autism. Single nucleotide polymorphisms (SNPs) in
the genes encoding ionotropic glutamate 6 receptors (GluR6; Jamain
et al., 2002; Shuang et al., 2004) and the metabotropic glutamate
receptor 8 (mGluR8; Serajee et al., 2003) were reported in autistic
subjects. SNPs were also found in autistic subjects within SLC25A12
(Ramoz et al., 2004; Segurado et al., 2005), a gene encoding the
mitochondrial aspartate/glutamate carrier (AGC1). Even though
larger follow up-studies were not able to confirm the association
of SLC25A12 with autism (Blasi et al., 2006; Rabionet et al., 2006),
two more recent studies again suggest a link between SLC25A12
and autism: one study reported an increase of SLC25A12 expres-
sion in prefrontal and cerebellar post-mortem tissue of autistic
brains (Lepagnol-Bestel et al., 2008) and another study suggested
alink between SLC25A12 expression and in behavioral routines in
autism (Silverman et al., 2008). A reason for the contradictory find-
ings could be differences in sample composition regarding age and
gender inclusion (the latter in particular for control samples).

Several glutamatergic synapse gene mutations on chromosome
22 were also associated with autism. These include neuroligin 3
and 4 (Jamain et al., 2003; Laumonnier et al., 2004), SHANK3
(Durand et al., 2007), and MAPKS8IP2 (also termed IB2 or JIP2;
Gizaetal.,2010). Neuroligins are cell adhesion molecules expressed
postsynaptically and bind to the presynaptically expressed neurex-
ins. Interactions between neuroligin and B-neurexin increases the
size and number of presynaptic terminals (Levinson et al., 2005)
and triggers the recruitment of presynaptic (Scheiffele et al., 2000)
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and postsynaptic molecules (Graf et al., 2004; Nam and Chen,
2005). Neuroligins can also bind to SHANK3 (Meyer et al., 2004),
a scaffolding protein found in the postsynaptic density (PSD)
of excitatory synapses. Due to their ability to form multimeric
complexes with postsynaptic receptors, signaling molecules and
cytoskeletal proteins they are thought to function as organizing
molecules (Naisbitt et al., 1999; Boeckers et al., 2002). IB2 (for Islet
Brain-2) is a the protein expressed in neural and neuroendocrine
cells throughout the brain (Negri et al., 2000) and its disruption
has been associated with reduced AMPA-mediated transmission
and enhanced NMDA-mediated transmission in the cerebellum
(Gizaetal.,2010). Thus, mutations in these glutamatergic pathways
could lead to some form of hyper-excitability or hyper-plasticity in
autism, a hypothesis which would require further testing.

The metabotropic glutamate receptor 5 (mGluR5) has also been
linked to autism and hyper-plasticity (Huber et al., 2002) via the
genetic mutation of fragile X mental retardation 1 (FMR1) gene
(for a more detailed discussion see next section).

Driven by the toxicity reasoning, a more recent study links hypo-
digoxinemia often found in autism, with excessive activation of
NMDA receptors. Digoxin is a hormone released from the hypotha-
lamus, which inhibits the Na*K*-ATPase pump with a concomitant
effect of maintaining the extracellular levels of Mg?*". Since Mg*
blocks NMDA receptors, this is proposed to cause excessive acti-
vation of NMDA and hence the feared toxicity and brain damage
(Kurup and Kurup, 2003). While excessive activation of NMDA
can cause toxicity in the adult, in the neonate it is more likely to
accelerate the environment-driven nurturing of brain development
and acquisition of new memories. Lowered Mg?* will also affect
synaptic transmission of all transmitters in the entire brain and
alter the excitability of all neurons by lowering surface charges and
hence voltage dependencies, and so it is neither possible nor valid
to link any potential effects of hypo-digoxinemia to autism only
through the potential effects on NMDA receptors.

In summary, anything seems possible when theories of the
neuropathology of autism are generated by top-down inference
from cognitive deficits to brain regions and cellular and molecular
alterations. The important change that would temper much of the
wild speculation is to begin at the bottom and work up toward the
emergent systems, behavioral, and cognitive level deficits. A hyper-
glutamatergia in general and hyper-NMDA receptor expression
in particular needs to be confirmed in human subjects and the
different brain regions affected need to be examined.

HYPER-PLASTICITY
The Intense World Theory claims enhanced learning and memory
process in autism, based on amplified synaptic plasticity (Rinaldi
etal.,2007; Silva et al., 2009). In human subjects, cellular plasticity
can be induced with theta-burst stimulation using trans-cranial
magnetic stimulation (TMS) and recent studies demonstrate that
long-term potentiation as well as long-term depression are greatly
enhanced in autistic subject (Oberman et al., 2009, 2010), which
is the first proof of hyper-plasticity proposed by the Intense World
Theory in human autism.

More traditionally, cellular plasticity is studied with invasive
techniques in animal brains and based on this approach autism
research focuses mainly on measuring synaptic communication

and plasticity in animal models of autism and relating the result
to the human condition. However, currently there is a fundamental
drawback in this research, which is not technical, but ideological in
nature: most animal models of autism assume a priori a cognitive
or emotional impairment and consequently neural under-func-
tioning as the basis for autism and thus only such animal models
are conceived and only such results seem to get published that are
based on this deficit-focused conception of autism. Currently, to
our knowledge, apart from the VPA rat model of autism, only two
mouse mutant models were extensively characterized in terms of
cellular dynamics — the Rett model and the Fragile-X model, both
of which are oriented toward explaining the implicit postulation
of learning impairments and mental retardation in autism.

Rett syndrome (RTT) is an X-linked dominant progressive neu-
rodevelopmental disorder affecting girls and associated with severe
mental retardation. It is caused by loss-of-function mutations in
the gene encoding methyl CpG binding protein 2 (MeCP2; Amir
etal., 1999) and a mutation is this gene is observed in at least 80%
of all RTT cases (Buyse et al., 2000; Dragich et al., 2000; Huppke
et al., 2000). Because RTT has resemblance with autism, such as
initially normal development with sudden regression around the
age of 3, stereotyped behavior and impaired social communica-
tion, but also because of the popular postulate that over 70% of
autistic cases are also mentally retarded, a MeCP2 mutation has
also been speculated to underlie the assumed learning disabilities
and/or other symptoms in autism (Lam et al., 2000; Vourc’h et al.,
2001; Beyer et al., 2002; Carney et al., 2003). Up to date only 3 out
of 301 studied autistic patients have been identified with a MeCP2
mutation (Lam et al., 2000; Vourc’h et al., 2001; Beyer et al., 2002;
Carney et al., 2003), which excludes a MeCP2 mutation as a com-
mon genetic cause of autism. Mice with a mutated MeCP2 gene
have been generated (Guy et al., 2001) to study possible neuronal
alterations underlying RTT and possibly autism (Dani et al., 2005;
Asaka et al., 2006; Chang et al., 2006; Moretti et al., 2006; Medrihan
et al., 2008). MeCP2 ko mice exhibited impaired LTP and LTD
in the hippocampus (Asaka et al., 2006; Moretti et al., 2006) and
additionally also impaired LTP in the primary motor and sensory
cortices (Moretti et al., 2006), which is commonly interpreted as
being in line with the severe mental retardation observed in RTT
and extrapolated to autism as well.

Fragile X syndrome is a syndrome of X-linked mental retarda-
tion, caused by a mutation in the FMRI gene that encodes the
fragile X mental retardation protein (FMRP). Aside from the most
prominent feature of intellectual disability, behavioral symptoms
may include abnormal speech patterns, stereotypic movements
(e.g., hand-flapping) and abnormal social behavior, in particular
shyness and limited eye contact. The overall prevalence of Fragile
X Syndrome in autism is on average 4% (reviewed in Dykens and
Volkmar, 1997), which — even though higher than in the normal
population —also excludes Fragile X as a common cause of autism.
However, since the prevalence of autism in the Fragile X Syndrome
population is high with rates of 15-33% or even more (for review
see Hagerman etal., 1986; Dykens and Volkmar, 1997; Rogers et al.,
2001; Hayashi et al., 2007), it has been suggested that a mutation
in the FMR1 gene may also underlie autism (most recently for
example Hayashi et al., 2007; Bear et al., 2008). To further study
the neurobiological causes of Fragile X Syndrome a mutant mouse
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was created lacking the expression of the FMR1 gene (Consortium,
1994). FMRI1 ko mice typically exhibit elongated dendritic spines
and an increase in spine density (Irwin et al., 2002; Galvez and
Greenough, 2005; McKinney et al., 2005; Hayashi et al., 2007),
which indicates a hyper-connected and potentially hyper-reactive
network. These findings are similar to those found in the VPA
model and may suggest that hyper-reactivity of neural microcir-
cuits is also a core feature of Fragile X and may explain the high
degree of comorbidity with autism.

In terms of synaptic plasticity, FMR1 ko mice exhibit a pattern
of impaired LTP in the neocortex (Li et al.,2002; Larson et al., 2005;
Hayashi et al., 2007), but normal LTP in CAL1 of the hippocampus
(Godfraind et al., 1996; Paradee et al., 1999; Li et al., 2002; Larson
etal.,2005) and finally increased LTD in hippocampal CA1 (Huber
etal., 2002) and cerebellum (Koekkoek et al., 2005). There is indi-
cation that loss of FMRP leads to disinhibition of the mGluR5,
which may trigger exaggerated synthesis of certain proteins (Zalfa
etal.,2003) and account for the increased mGluR-dependent LTD
in the CA1 region of the hippocampus (Huber et al., 2002), which
has led to the mGIuR Theory of Fragile X (Bear et al., 2004). While
the theory is intriguing and opens up a potentially powerful treat-
ment strategy for Fragile X, it remains to be established how much
FMRP and mGluRs contribute to autism as well. These findings
would indicate synapses are dampened down in Fragile X which
is the opposite to the findings in the valproate model where LTP is
enhanced both in the neocortex and amygdala. We have not tested
whether LTD is also enhanced, but enhanced LTP supported by a
massive over-expression of NMDA receptors at synapses indicates
that individual synapses can become excessively strong in autism.
The animal model of Fragile X is therefore not the same in this
respect to the valproate animal model. It is possible therefore that
Fragile X and autism share the core pathology of hyper-reactivity,
but not hyper-plasticity that enhances synaptic strength.

The first, and perhaps most important, step toward a unifying
theory of autism is to turn from the traditional view of impaired
intellectual capabilities and the popularized stigma of mental
retardation because this view excludes a large body of scientific,
anecdotal data, and alternative interpretations of enhanced brain
functions. This could be a crucial step since virtually all patented
treatments and pharmaceutical therapies for autism aim to enhance
cognitive capabilities (Nakamura, 2002; Yoo et al., 2007). However,
in the light of the Intense World Theory these treatments strategies
may have to be reversed and aimed at reducing the hyper-functional
cognitive and emotive system.

PROGRESSION AND TREATMENT ACCORDING TO THE
INTENSE WORLD THEORY

The central claims of the Intense World Theory are based on a syn-
ergy of data from the VPA rat model of autism as well as data
and observations gathered from the human autism literature. As
such, the central claims of hyper-reactivity and hyper-plasticity on
the neurophysiological level as well as hyper-perception, hyper-
attention, hyper-memory, and hyper-emotionality on the psycho-
logical level, have to be substantiated in systematic and controlled
experiments on human subjects. Thus, it is only prudent to take the
predictions on the progression of autism as well as how to best treat
autism with extreme caution until such controlled experiments are

conducted. However, if it turns out that some or even all of the
central claims of the Intense World Theory turn out to be valid, the
implications for the progression as well as the treatment of autism
are quite far-reaching and in the case of treatment even counter-
intuitive to best-intended parental or professional strategies and
are thus worth-while of a discussion.

The Intense World Theory proposes a particular form of brain
hypertrophy triggered by an epigenetic insult, which may render
the brain excessively reactive to the environment. The excessive
reactivity and rapid memory formation of experiences boosted
by an amplified emotional component may trigger the accelera-
tion of brain maturation until the environment becomes pain-
fully intense. The intensity of lower-order sensory processing
becomes so overwhelming that the autistic may actively avoid
specific features that have become negatively associated and focus
on elementary features that have become positively associated.
Because of the powerful and persistent memories each experience
is predicted to systematically drive the autistic child into a world
that is secured by only letting in positively associated stimuli
and actively avoiding any surprises. Since new information must
necessarily be surprising, autistics could rapidly become resist-
ant to rehabilitation. If the intensity peaks too early and the
shutdown is triggered, the autistic may not learn to assemble
elementary information into higher order concepts needed for
abstract thinking and language. Driven by a painfully intense
world, the autistic brain progresses functionally to become highly
fragmented with islets of excessive processing which manifest in
arbitrary preferences and tasks that may be exceptionally well
processed. The plasticity that follows may lead to irreversible
structural changes and fragmentation of the brain. The prognosis
is proposed to become worse in a sensory enriched and dynami-
cally changing world. It is also likely that providing an enriched
environment and a directive teaching and aggressive rehabilita-
tion program may in fact accelerate the progression of the dis-
order. The prognosis may be improved by filtering sensory and
emotional extremes, preventing surprises, and pharmacologically
by suppressing sensory reactivity and memory formation. The
disorder might even be preventable if intervention begins before
the “intense world” reaction is triggered, that is before critical
periods of neurodevelopment. Critical periods are moments
when circuit architectures consolidate and gradual exposure to
a more normal world may not have such adverse effects after
these critical periods. There may therefore be a preventative time
window for autism. Reversing consolidated hyper-functional cir-
cuits after these critical periods will be more difficult, but due
to the potential for learning and memory, an extinction-based
rehabilitation program may be effective.

Behavioral treatment according to the Intense World Theory is
proposed to focus on filtering the extremes in the intensity of all
sensory and emotional exposure as well as relaxation and pro-
gressive systematic desensitization to stimuli presentation. The
probably most counter-intuitive suggestion that emerges from
the Intense World Theory is to surround the child with a highly
predictable and calm environment protected from abrupt sensory
and emotional transients and surprises for the first years of life to
prevent excessive sensory and emotion driven brain development.
The child should be introduced to new stimuli and tasks gently
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and with caution, retracting at any sign of distress. The adop-
tion of a responsive rehabilitation program would ensure that
the teacher works carefully to avoid triggering adverse reactions.
Introduction to strangers should be controlled, brief, indirect, and
as inert as possible.

Pharmacological treatment according to the Intense World
Theory should focus on reducing brain reactivity in general, block-
ing memory formation, reducing stress responses, and enhancing
memory extinction. Treatment should be applied as early as possi-
ble and should last until after the completion of the critical periods
of brain development (probably beyond the age of 6). Such critical
periods are often irreversible milestones and hence the disorder
might be avoidable if these milestones can be crossed without
triggering or further driving the autistic child to seek refuge in
a limited albeit secure world. Treatment for elderly children and
adults with autism would be more difficult to reverse but memory
attenuation and extinction-based rehabilitation programs as well
as reducing anxiety levels and stress responses may at least partially
reverse or ameliorate the pathology. An important consideration
in any rehabilitation program as predicted by the Intense World
Theory is the complication of hyper-emotionality, which may be
well masked from the observer and which would demand even
greater care in how the autistic is handled. Punishments may be
greatly amplified for the autistic and imprinted rigorously and
indefinitely into the future.

PREDICTIONS OF THE INTENSE WORLD THEORY

The Intense World Theory is not only consistent with a large
number of previous studies, and has the explanatory power to
reconcile a large number of apparently contradictory data and
interpretations, but also has significant predictive power because
it is grounded at the molecular, cellular and circuit levels. The
set of some testable predications derived from the Intense World
Theory are listed below.

Perception
+  Circuit level:

o Some level of hyper-reactive and hyper-plastic circuits in all
brain regions. This can be tested by progressively increasing
the intensity of multi-site stimulation of a brain region.
The molecular, synaptic, and cellular causes may differ in
different regions.

o The loss of inhibition and hence hyper-reactivity also in
sub-cortical regions where inhibitory neurons are more
prominent such as in the cerebellum.

+  System level:

> The variance, as opposed to the mean, of the pixel intensi-
ties in fMRI measures should be higher in autistic subjects
with the upper and lower intensities being greater than in
neurotypical subjects. Higher upper pixel intensities may
even be present in under-activated brain regions. These
predictions would best be tested using fMRI at the highest
spatial resolution.

o Enhanced low-level feature processing in primary sensory
brain regions. This could manifest in greater peaks in some
tuning curves for different features as well as lower detec-
tion thresholds.

+  Cognitive and emotional levels:

o Highly idiosyncratic stimulus preference to activate brain
areas, which should become more idiosyncratic with pro-
gression of the disorder.

o Vulnerability to sensory overflow. Consequential behavior
would be panic, aggression, and withdrawal as already sug-
gested by anecdotal reports.

+ Associated Pathologies:

o A lower threshold for stimulus-induced epilepsy (such as
stroboscopically induced epilepsy).

> Neglect syndrome.

o Learning impairments correlated to the degree and variance
of associations required.

o Panic attacks and phobias triggered by uniquely personal
situations (as originally noted by Leo Kanner).

o Post-traumatic stress disorder.

Attention
+  Circuit level:

o Abnormally high levels of persistent reverberant activity
within circuits that is difficult to interrupt.

+  Systems level:

o Amplified
stimulation.

o Abnormally high degree of synchronization between the
mPFC with some brain regions and abnormally low syn-
chronization, with other regions.

- Abnormally high tendency for phase locking with smaller
phase lags indicating a higher degree of oscillations and
coherence across those brain areas engaged.

+  Cognitive level:

o Enhanced sustained attention to material of interest (as
anecdotally reported).

> Once attention is captured, impaired shifting of attention
to different features or tasks, because of internal hyper-
processing (as also suggested by the difficulty to engage the
attention of an autistic child).

- Attention to arbitrary fragments related strongly to early
life experiences.

o Strongly enhanced focused on internal processes.

+ Associated Pathologies:

o Attention deficit disorder (ADD) or Attention deficit hype-
ractivity disorder (ADHD).

o Learning impairments in some cases and super-learning in
others.

o May seem distracted and disengaged, but are actually
hyper-focused on internal processes.

neocortical  response during thalamic

Memory
+ Molecular:

- Enhanced NMDA receptor subunit expression in the neo-
cortex. Alterations in the adult, after critical periods, may
be absent and increases may still be observable following
stimulation.

o Other markers associated with synaptic plasticity
may follow a similar pattern as some NMDA receptor
subunits.
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+ Cellular:

o NMDA mediated Ca?* toxicity in adult and aged autistics.
This will have consequences for the enhanced learning and
memory postulate of the Intense World Theory, which may
be less pronounced in aged autistics.

+  Cognitive level:

o Strong imprint of early life experiences and learning mate-
rial, which is highly resistant to extinction and dominates
over new learning challenges. E.g., this could potentially
show in high interference in learning semantic material.

- Enhanced simple associate learning (conditioning), which
is resistant to extinction. This should be particularly well
observable early in life. Later in life strong early life memory
traces will over-shadow further learning attempts.

o Learning impairments are predicted for all negatively asso-
ciated stimuli and resistance to rehabilitation is predic-
ted because of fear of previous negative associations. The
Intense World Theory predicts that all children with autism
will display greater than average memory performance for
the tasks that the autistic has chosen as non-threatening.

o Enhanced learning and memory should be most observable
in very young autistic children and less so in progressively
older autistics. In elderly autistics — due to the neuroto-
xicity effects of enhanced NMDA signaling throughout
in particular the early lifespan — learning and memory
impairments may become more evident.

+ Related Pathologies:

o Idiosyncratic, albeit exceptional memory capabilities.

> Repetitive tendencies.

o Obsession compulsive disorder.

o Stronger and more persistent memories
conditioning.

o Behavioral inflexibility.

following

Emotions
¢+ Cellular:

o Cell toxicity in brain areas that are easily excitable such as

the amygdala and hippocampus due to over-excitation.
+  Circuit:

o Hyper-reactive and hyper-plastic amygdala and other lim-

bic structures.
+  Systems:

o Enhanced amygdala activation when autistics are instruc-
ted by teachers or parents.

o Enhanced amygdala activation when autistics view eyes,
faces or social scenes.

- Enhanced sympathetic responses to social content such as
eyes, faces, social situations etc. This could be tested with
measures of the autonomic system, such as skin conduc-
tance, heart measures or stress and anxiety hormone levels.

- Enhanced sympathetic responses to novel and sensory rich
situations.

o Enhanced sympathetic responses to negatively associated
stimuli.

+  Cognitive level:

o Enhanced fear conditioning in autistics — most pronounced

in young children.

o Enhanced generalization of fear responses to similar
content.

o Resistance to fear extinction.

o Enhanced active avoidance of fear-associated material.

o Enhanced active avoidance of high-emotion content such
as eyes, emotional faces, social encounters.

o Enhanced active avoidance of novel environments is pre-
dicted due to fear of surprises that arise from over-genera-
lization of previous negative associations.

> Atthebehavioral level unpredictable, exaggerated, extreme,
and inappropriate reactions to surprising situations.

+ Associated Pathologies:

o Anxiety.

o Panic attacks and phobias.

o Post-traumatic stress disorder.

o Paranoia.

o Depression.

o Hyper-emotionality.

o Behavioral inflexibility.

o Repetitive tendencies.

Psychological Scores

+ The Intense World Theory predicts higher variance in any set
of scores from a large psychophysical test battery as compa-
red to controls with the highest and lowest scores. In parti-
cular, since columns are hyper-reactive, but highly selective,
the reaction times to a battery of tests should display a higher
variance with the longest and shortest reaction times. The the-
ory predicts that the key parameter to measure is the variance
of performance on different scores rather than focusing on any
one task, on absolute values, or on the average performance of
many tasks. The theory predicts the same high variance cha-
racteristic for cognitive profiling.

+ High measures of variance on cognitive battery tests should
be independent of intelligence, but due to the proposed highly
idiosyncratic feature over-selectivity of neural columns.

FALSIFYING THE INTENSE WORLD THEORY

The Intense World Theory is merely a theory. The importance of
a theory comes from its power to unify and account for past data
and reconcile inconsistencies and the value of a theory comes
from its testable predictions. A theory must also be falsifiable. A
large number of studies will have to be carried out to validate or
invalidate this theory. In particular experiments need to be per-
formed that verify that the core neuropathologies found in the
animal model are also valid in human autism. This will become
possible with a molecular marker of hyper-reactivity and hyper-
plasticity in post-mortem tissue or perhaps with high-resolution
fMRI that is becoming possible with the 9.4 Tesla machines. The
genetic vulnerability for insult-induced autism must also be tested.
Typically genetic mutations are chased as causes of autisms, which
have revealed dozens of candidates — we propose that they may
rather be setting the threshold for epigenetic insult. The theory
can be falsified if a single gene mutation is found to cause all vari-
ants of autism, if neural circuits are not found to be hyper-reactive
and hyper-plastic, if glutamatergic synapses are hypo-functional
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in autism, if these core neuropathologies are found not to cause
hyper-functionality of local microcircuits, if hyper-functionality of
local neural microcircuits are found not to cause abnormal percep-
tion, attention, memory, and emotional processing and if these core
cognitive-emotive functions are found not to be affected at least to
some measurable extent, in all cases of autism.

CONCLUSIONS

Our earlier and on-going studies on the valproate rat model of
autism suggested a coherent theme of alterations from the molecu-
lar to the behavioral level. We applied this single theme to previ-
ous studies, hypotheses, theories, and even anecdotal reports on
human autism and found that this theme can potentially explain
these ideas and reconcile contradictory evidences. The theme is
therefore a potentially unifying theory for the neurobiological and
affective-cognitive basis of autism — the Intense World Theory of
autism. Different from previous theories, the Intense World Theory
is driven from a neurobiological perspective where we attempt to
reconstruct the disorder from fundamental molecular, cellular,
and circuit changes. This theory is by far not a complete explana-
tion of the cause of autism, but it provides a coherent multi-level
framework for a complete explanation. On a neurobiological level,

the Intense World Theory of autism proposes excessive functioning
of neural microcircuits, with the main symptoms being hyper-
reactivity and hyper-plasticity and together, hyper-functionality.
On a perceptual and cognitive level this excessive functioning of
local neuronal circuits may lead to an intensely perceived world,
which may turn aversive and highly stressful if the amygdala and
other parts of the limbic system are also affected.

In contrast to other deficit-oriented theories of autism, the
Intense World Theory points out that enhanced brain functioning
may lie at the heart of autism. In this light, autistic individuals may
in general — and not only in exceptional cases — exhibit enhanced
perception, attention, and memory capabilities and it is in fact
these capabilities, which may turn the world too intense and even
aversive and lead to many of the autistic symptoms including with-
drawal and social avoidance. Thus, while enhanced brain function-
ing may be debilitating, the hopeful insight offered by the Intense
World Theory is that the right treatment strategies of cocooning
the autistic infant to protect from surprising situations, and damp-
ening brain functioning in early development to prevent driving
the brains circuits into an irreversible trajectory, may reveal truly
capable and highly gifted individuals who can integrate with their
social environment successfully.
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