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Autism is a behaviorally de�ned neurodevelopmental disorder that aﬀects over 1% of new births in the United States and about 2%
of boys. e etiologies are unknown and they are genetically complex. ere may be epigenetic eﬀects, environmental in�uences,
and other factors that contribute to the mechanisms and aﬀected neural pathway(s). e underlying neuropathology of the disorder
has been evolving in the literature to include speci�c brain areas in the cerebellum, limbic system, and cortex. Part(s) of structures
appear to be aﬀected most rather than the entire structure, for example, select nuclei of the amygdala, the fusiform face area, and
so forth. Altered cortical organization characterized by more frequent and narrower minicolumns and early overgrowth of the
frontal portion of the brain, aﬀects connectivity. Abnormalities include cytoarchitectonic laminar diﬀerences, excess white matter
neurons, decreased numbers of GABAergic cerebellar Purkinje cells, and other events that can be traced developmentally and cause
anomalies in circuitry. Problems with neurotransmission are evident by recent receptor and binding site studies especially in the
inhibitory GABA system likely contributing to an imbalance of excitatory/inhibitory transmission. As postmortem �ndings are
related to core behavior symptoms, and technology improves, researchers are gaining a much better perspective of contributing
factors to the disorder.

1. Introduction
Autism is a behaviorally de�ned life-long developmental
syndrome [1] with a neurobiological basis that includes
cellular and structural abnormalities in a variety of brain
regions [2–6]. ere are de�cits in at least 3 domains
including sociability, language and range of interests and
activities [7–9]. Up until 2012, the diagnostic criteria for
autism have relied on the Diagnostic and Statistical Manual
of Mental Disorders (DSM-IV-TR), Fourth Edition, Text
Revision [10] that placed Autism Spectrum Disorders (ASD)
in the category of pervasive developmental disorders (PDD)
and also includes two non-ASD PDDs, Rett’s syndrome
and childhood disintegrative disorders. DSM-IV-TR includes
twelve possible symptoms of ASD within the three domains
that lead to three possible diagnoses including classical infantile autism (Autistic disorder), higher functioning Asperger’s
disorder, and Pervasive Developmental Disorder Not Otherwise Speci�ed (PDD-NOS). Autistic disorder requires at
least 2 characteristics for the social interaction domain, and
one each from communication and repetitive interests and

behaviors (RRBs) category present by age 3 years; Asperger’s
syndrome diagnoses are made if Autistic disorder is ruled out
and the patient has at least 2 social de�cits and at least one
RRB; if both are ruled out then the lesser PDD-NOS diagnosis
can be made based on severe social de�cits accompanied
by impairments in communication or RRBs. e incidence
of ASD has been exponentially increasing over the last
decade and a recent assessment has reported from 8-yearold children in 2008 that the overall prevalence was 11.3 per
1000, or 1 in 88, and 1 in 54 boys and 1 in 252 girls estimated
from 14 Autism and Developmental Disabilities Monitoring
(ADDM) Network sites conducted by the Center for Disease
Control (CDC) [11]. is increased prevalence rate does not
appear to be solely due to better recognition by experts and
parents or by wider diagnostic criteria and clearly elevates
the status of the developmental disorder from a somewhat
rare occurrence as viewed decades ago to a justi�ed urgent
public health problem [12]. In 2012, the diagnostic criteria
for autism have been updated in a recently proposed DSM-5
that groups aﬀected individuals into a single category, ASD
[13]. Recent articles cite variability in how clinical centers
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will carry out assessments and there is a proposed change to
group social interaction with communication domains into a
single domain thus reducing the number of criteria [14]. One
recent study reported that DSM-5 resulted in 47.79% fewer
toddlers being diagnosed with ASD compared to those that
were diagnosed with DSM-IV in their study [15]. ere is
much discussion amongst clinicians regarding the proposed
DSM-5, but clearly if it takes eﬀect, has the possibility
of reducing the ASD rate due to more stringent criteria
in the evaluation requiring �ve of seven symptoms to be
present. e revised criteria could improve the speci�city of
evaluation but excluding a substantial number of cognitively
able individuals especially in the categories other than autistic
disorder [16].
1.1. Neuropathology of Autism Spectrum Disorders (ASD):
Aﬀected Brain Areas. An outstanding review article appeared
relatively recently by Amaral et al. [17] describing and summarizing brain areas that are aﬀected in autism categorizing
them by their functions in autism-related behaviors. To
describe in detail every structure that might be impacted
in autism is beyond the scope of this paper. However, this
paper will focus on the neuropathology of some of the
major brain regions that are clearly involved in the disorder
and their functional role as they relate to core behavioral
domains. It is not meant to be a review of the structural and
functional imaging literature which could each be separate
treatises. e following sections will discuss brain areas from
the hindbrain (cerebellum and inferior olivary complex)
and the forebrain (both limbic-hippocampus, entorhinal
cortex, amygdala, anterior and posterior cingulate cortex, and
neocortical-structural diﬀerences including cortical columns
and overgrowth, as well as the face processing area in the
fusiform gyrus of the temporal lobe). In this way, it will
provide an overview of what many in the �eld consider some
of the most pronounced neuropathological and neurotransmitter receptor abnormalities in the ASD brain.

2. Olivocerebellar Abnormalities in ASD
2.1. e Cerebellum in ASD and Reduced Numbers of Purkinje
Cells. e cerebellum has long been thought of as an “error
correction system” for �ne motor control, balance, and
coordination of the body including the spatiotemporal
positions and movements of the head and neck. It receives
an abundant amount of sensory information including
proprioceptive information from muscles and joints, visual,
auditory, and somatosensory inputs and sends its out�ow via
the red nucleus and thalamus (i.e., ventral lateral nucleus and
ventral anterior nucleus) to motor cortex. But there has been
building evidence over the last two decades that demonstrates
that the cerebellum also plays a role in cognition [18–21].
Cerebellar lesions, injuries, and strokes have been shown
to produce de�cits in verbal abilities and communication,
high-order executive functions, and other cognitively
related tasks. In fact, cerebellar lesions in 156 patients have
been noted to cause altered cognitive patterns including
the ability to sequence information, language processing,
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visuospatial abilities, executive functions, visuospatial
memory, and/or attentional problems [22]. Evidence has
emerged that there are avenues through which cerebellar
out�ow can reach other cerebral cortical areas via thalamic
nuclei thus enabling the Frontal/Parietal-Cortico-PontoCerebellar-alamic-Frontal/Parietal-Cortical connectivity
to be complete [23, 24]. One of the most attractive regions
of the cerebellum to study is the posterolateral hemispheric
region including Crus I and Crus II areas that receive
abundant frontopontine projections [25] and also have been
shown to have the most numerous Purkinje cell (PC) de�cits
in the autism brain [3, 26].
ere is widespread evidence that the number of cerebellar Purkinje cells is reduced in postmortem brains compared
to typically developing controls. An early study reported
in four individuals, from 3 to 33 years of age, that 3 had
idiopathic autism, two of these with seizure history, and
one had autistic-related behaviors showing a generalized
reduction of PCs [27]. Another study involved 4 males with
no seizure history aged 10–22 years (controls were of age 3–13
years) and found about a 25% decrease in PC number [28].
Seminal studies by Bauman and Kemper in the 1980s initially
examined two cases and in the 1990s an additional seven
autism brains that were embedded in celloidin and serially
sectioned across a wide age range [2, 6, 29]. Qualitative
observations reported that the most obvious PC decrease was
in the posterolateral cerebellar cortex in the hemisphere with
more normal observations in the medial cerebellar cortical
regions such as the vermis. In 1998, Bailey and colleagues [5]
examined six autism brains aged 4 to 27 years old compared
to eight control cases aged 4 to 43 years and found that in 5
of 6 autism cases there were reduced numbers of PCs. In that
study, a moderate decrease in PCs was seen in the hemisphere
and vermis—it is noteworthy that 5 of 6 autism brains had a
history of seizures. Four years later, another study examined
the cerebellum in �ve autism and �ve control cases with a
mean age of 25 years but counted Nissl sections from only 2
sections per brain and estimated that there was no statistical
density diﬀerence between the two groups [30]. In two of
the �ve cases, there was reported to be about a 50% smaller
PC neuronal volume but overall the autism group was not
signi�cantly diﬀerent from control. ese authors reported
more PC decreases in the seizure history case and patchy
reductions in the nonseizure case. More recently, Whitney et
al. [26] used stereological techniques to count the density of
PCs in the posterolateral cerebellar hemisphere of six autism
cases compared to �ve matched controls in young adults. In
that study, three of the autism brains had a density of PCs in
the normal range, two cases had mild/moderate PC decrease,
and one had a severe PC decrease. e case with a severe
PC decrease in the hemisphere did not have a PC decrease
in the vermis, indicating a targeted pathology. at case also
contained “empty baskets” which represents the persistence
of inhibitory basket cells in the cerebellar molecular layer as
evidenced with a silver stain whereas the other two cases with
decreased PCs did not. is may give clues to the timing of
the PC decrease in autism. Purkinje cells migrate from the
ventricular zone in the roof of the 4th ventricle to reach their
proper positions in the PC layer by about 30–32 weeks of
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gestation and subsequently elaborate their extensive planar
dendritic tree in the molecular layer. ere are little or no
major disruptions in the layering of the cerebellar cortex,
even in the hemispheres where the PC decrease appears to
be the most impacted. It is therefore likely that PC migration
occurred normally, thereby suggesting that the insult most
likely occurred subsequent to 32 weeks prenatally, most likely
persisting into early postnatal development. In the one case
cited by Whitney et al. [26] with empty baskets, it is likely
that the PC decrease occurred much later and may have been
due to seizure or seizure medications but remains unclear.
Perhaps an unexpected �nding came in 2004 when Vargas
et al. [31] reported neuroglial activation and neuroin�ammation in the cerebellum, anterior cingulate cortex, and the
middle frontal gyrus in postmortem autism cases compared
to age-matched controls. e neuroimmune responses were
especially noteworthy in the cerebellum localized in the
Purkinje and granule cell layers. Reactive astrogliosis was
observed in both layers as well as microglia, macrophages,
and speci�c types of cytokines such as �CP-1. Similar
reactions were observed in the two cortical regions as well
suggesting that neuroimmune reactions play a pathogenic
role in ASD and may contribute to the diversity of autistic
phenotypes [32].
Another interesting �nding on cerebellar structure came
in the early ‘90s by Courchesne and colleagues [33, 34] that
reported, based on structural �RI �ndings, that there were
two emerging subgroups of patients—one with a hypoplastic
vermal lobules VI and VII and another subgroup with
hyperplastic vermal lobules VI and VII. ese authors also
suggested that the onset of autism may be as early as the
second trimester. It is le unclear, however, as a follow-up
study by Schaefer et al. [35] determined that the �nding of
hypoplasia of vermal lobules VI and VII is a nonspeci�c
�nding that occurs in conditions without autism and may not
be clinically useful as a predictive neuroanatomical marker
for practitioners. Currently, there are studies using magnetic
resonance spectroscopy that are being used to measure certain neurotransmitter levels and metabolites in speci�c brain
areas. With the advent of high-resolution 3.0 Tesla machines,
it is now possible to measure GABA, glutamate, glutamine,
and others—manuscripts are beginning to emerge which
will provide invaluable information that can be combined
with postmortem �ndings to better interpret and localize
abnormalities in these structures and possible relationships
to core autism behavioral symptoms.
2.2. Cholinergic Receptor Diﬀerences in the Cerebellum in
ASD Patients. Elaine Perry and colleagues used cholinergic
markers to determine whether the cerebellum and select
cortical areas might contain abnormal levels of particular
cholinergic receptor types [36, 37]. ese authors reported a
40–50% reduction in nicotinic cholinergic receptor types 𝛼𝛼3,
𝛼𝛼4, and 𝛽𝛽2 measured by the high aﬃnity agonist epibatidine
in the granule cell, Purkinje cell, and molecular layers in
cerebellum postmortem autism cases relative to matched
controls. Perhaps a more striking result was a reported
threefold increase in nicotinic cholinergic receptor type 𝛼𝛼7
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in the granule cell layer measured by ligand binding using 𝛼𝛼bungarotoxin. Nicotinic cholinergic receptor type 𝛼𝛼7 is localized to the surface of GABA inhibitory neurons and selective
stimulation of 𝛼𝛼7 helps to trigger GABA release and thus
play a role in restoring inhibitory tone. A subsequent study
reported an increased 𝛼𝛼4mRNA expression in cerebellum
but a reduction in subunit protein levels. It was suggested
that there may be a relationship to reduced numbers of PCs
in the autism cases but that remains unclear. e use of
nicotinic cholinergic antagonists including some antidepressants has helped to ameliorate some autistic symptoms and
these are being explored as novel therapeutic agents [38],
whereas nicotinic agonists are utilized to enhance attentional
processes, memory, and cognition and may also be useful in
pharmacotherapies [39]. A summary of changes of additional
neurotransmitter receptors and proteins in the cerebellum
can be found in a recent review [40].
2.3. Inferior Olivary Complex Neuropathology in ASD. A
brainstem structure that is intimately related to the cerebellum is the inferior olivary complex (IOC), which provides
olivocerebellar climbing �bers directly to PC dendrites in
the cerebellum [41–43]. Early qualitative studies in the
postmortem autism brain reported that the part of the IOC
(i.e., principal olive) related to the cerebellar hemisphere
contained abnormally small, pale staining neurons without
cell loss [2]. ese authors also reported age-related diﬀerences with regard to olivary neuronal size and distribution
within the nuclei such that in the adult (>22 years of age), the
neurons are small in size, present in adequate numbers, and
contained an abnormal peripheral distribution of neurons
along the edge of the loop of the principal olive [3]. In
contrast, neurons from an autistic child’s principal olive were
signi�cantly larger than controls, but also present in adequate
numbers and contained a similar abnormal distribution of
neurons along the edge of the olivary ribbon [3]. Bailey et
al. [5] examined 6 autism postmortem cases and reported
a �attened medulla oblongata (contains the IOC and the
pyramids) in one case and a large medulla with small pyramids in another case. ese authors also reported “breaks”
in the parts of the inferior olives in three cases, duplication
of parts of the olivary ribbon and neuronal ectopia in four
of the cases including neurons lateral to the olives in three
cases and small groups of neurons in the inferior cerebellar
peduncles in three cases [5]. ese observations suggest
that an additional insult likely occurs earlier than the PC
decrease in a number of autism cases suggesting multiple
gene eﬀects on events that include neuronal migration and
proper distribution of neurons. Bauman and Kemper [3] note
that abnormal peripheral clusters of neurons in the IOC are
also a pattern that has been reported in some syndromes
of prenatal origin including mental retardation [44, 45].
Neuronal ectopia, similar to Bauman and Kemper’s �ndings
of abnormal distribution of IOC cells in the principal olive
ribbon, was also found in additional postmortem cases from
our laboratory as seen in Figure 1. In that same study, IOC
cells were counted via stereological methods through the
entire IOC in six autism cases and found that there were no
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Total number of neurons in the inferior olivary complex
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2.4. Neuropathology of the Deep Cerebellar Nuclei in ASD. It is
unknown to what degree the neurons of the DCN that are also
impacted in autism as a quantitative study of the four nuclei
(fastigial, globose, emboliform, and dentate) are lacking in
the autism literature. �owever, in the celloidin �xed cases
from Bauman and Kemper [2, 3, 6], a qualitative observation
of a pallor of Nissl staining was observed in the granular
layer of the hemisphere as well as the observed PC decrease
and atrophy of the folia in the same region. e neurons of
three of the DCN were small and pale and reduced in number
(i.e., via qualitative observation) and the dentate nucleus was

Neuronal volume in the inferior olivary complex
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signi�cant di�erences in number in any of the three ma�or
nuclei (medial accessory olive, dorsal accessory olive, and
principal olive) as seen in Figure 2, or in neuronal volume
(Figure 3). is was a surprising �nding because of the PC
decreases that have been widely reported in the literature and
the expectation would be retrograde IOC neuronal loss. It is
likely, however, that sustaining collaterals to other PCs (up to
8–10 in the human) as well as to the deep cerebellar nuclei
(DCN) might contribute to the survival of IOC neurons.
Bauman and Kemper [3] hypothesized that the sustaining
collaterals to the DCN represent the persistence of a primitive
but adequately myelinated “fetal circuit” [46] to the DCN
in adults originating at 28 weeks, a few weeks prior to their
innervation to PCs. One feature of the IOC that turned out to
be quite variable is the report of interruptions in the olivary
ribbon. In studies from our laboratory, it was found that
breaks and duplications in the structure of the ribbon can also
be found in control cases (Figure 4) and may be in�uenced by
perforating arteries and/or the three-dimensional structure
folding over on itself due to the plane of section. Nevertheless,
it appears to be more frequent in autism cases and may
represent a discontinuity within particular olivary subnuclei.

F 2: Photomicrographs of the inferior olive to show clustering
at the edge of principle olive in an autistic brain. In A (autism) the
clustering of neurons can be seen as a single row at the edge of the
principle olive (arrow), whereas in B (control) these neurons are
more scattered although some neurons do exist on the edge of the
ribbon (arrow). Scale bars = 200 𝜇𝜇m.

DAO-C

F 1: Scatter plot for neuronal number in the inferior olivary
complex by group. No signi�cant di�erences were found for the
IOC (DAO: dorsal accessory olive; MAO: medial accessory olive;
PO: principle olive). A: autism, C: control.
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F 3: Scatter plot showing the perikaryal volume for the inferior
olivary complex by group (DAO: dorsal accessory olive; MAO:
medial accessory olive; PO: principle olive). Although there were
no signi�cant di�erences found, the PO neuronal volume was quite
variable in both autistic and control brains. A: autism, C: control.

distorted in appearance, contained pale cells but were considered to be present in adequate numbers [3]. A more recent
in situ hybridization study using a 35 S probe directed toward
glutamic acid decarboxylase type 65 (GAD 65) labeled two
distinct neuronal populations within the dentate nucleus in
adult autism and age-matched control cases [47]. e labeled
GAD 65 was contained in two types of dentate neurons based
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F 4: Photomicrographs showing similar altered formations of the principle olive in the autistic (A and C) and control brains (B and D).
A and B show what appear to be reduplications (arrows) and C and D show examples of a gap in the ribbon (arrows) of the principle olive
which may be caused by perforating vessel(s).

on size—one population were about 10 um in diameter and
the other about 20 um (Figure 5). e smaller population
were assumed to be GABAergic interneurons that innervate
other dentate neurons, and the larger population were likely
those dentate neurons that project out of the cerebellum
directly to the IOC as described previously in animal models
[48]. It was this latter population of dentate neurons that
contained signi�cantly reduced GAD 65 indicating that the
inhibitory control of the IOC may be impacted in autism.
is is especially important due to the normally synchronous
�ring of populations of IOC neurons to PC targets [49]. With
the reduction of PCs in autism coupled with abnormalities in
the morphology of the DCN, ectopic IOC neurons within the
principal olive ribbon, and presumably aberrant orientation
of their dendrites, it increases the likelihood that there will
be asynchronous activity of IOC neurons thus impacting the
timing of PC �ring and cerebellar output to higher structures
[50, 51].
2.5. Brainstem Abnormalities in ASD. In a recent magnetic
resonance imaging (MRI) study in 22 right-handed, nonmentally retarded boys with autism compared to 22 genderand age-matched controls, a decrease in brainstem graymatter volume was observed in the autism group with
no signi�cant diﬀerences observed in white-matter volume
[52]. In that study, a signi�cant relationship was observed
between brainstem gray-matter volume and oral sensory
sensitivity as measured by the Sensory Pro�le Questionnaire
(SPQ). is study adds to the existing literature regarding
abnormalities in the brainstem of autistic patients. Findings

from postmortem IOC as well as imaging results need to
be taken into perspective. About a decade ago, a published
report by Rodier described major abnormalities in one
female autistic patient including a missing “band” of tissue
in the brainstem aﬀecting a number of structures [53]. In
that report, the author described the near absence of the
facial nucleus, controlling muscles of facial expression, and
the superior olive, a relay for auditory information, and
postulated that since these two structures were from the
same part of the embryo’s neural tube, it may represent
an early defect in autism, as early as 4 weeks prenatally.
ere were also diﬀerences in the rostrocaudal measurements
between the trapezoid body (another auditory structure) and
the lower brainstem structures including the hypoglossal
nucleus and IOC. What has been found since that report
has been more subtle, yet important �ndings of only speci�c
brainstem structures as described above. In six brainstems
obtained from e Autism Research Foundation (TARF)
and e Autism Tissue Program (ATP), stereological analysis
in our lab failed to demonstrate any signi�cant diﬀerences
in the locus coeruleus [54] or in the superior olive or
facial nuclei [55]. e IOC was the only brainstem structure
examined to demonstrate abnormalities in these cases yet
clearly with multiple investigators’ reports of IOC changes
in the literature, there are forces at work in early prenatal
development. Genetic �ndings aﬀecting this brain region
in autism include the Homeobox A1 (HOXA1) gene which
has been proposed as a candidate gene for ASD for over
a decade, as it regulates embryological patterning of hindbrain structures implicated in autism neurobiology [56].
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investigated whether there might be alterations in the density
of hippocampal GABAergic neurons in postmortem autism
cases. ese investigators used stereological techniques and
immunocytochemical methods to stain three types of calcium binding proteins to label subpopulations of GABAergic interneurons in the hippocampus in �ve autistic cases
and �ve age-, gender, and postmortem interval-matched
controls. Quantitative results indicated a selective reduction
in the density of calbindin-immunoreactive neurons in the
dentate gyrus (including hilar CA4), an increased density
of calretinin-immunoreactive neurons in the CA1 region,
and an increased density of parvalbumin-immunoreactive
neurons in areas CA1 and CA3 in the autism cases compared
to controls. Together, the neuropathological and immunocytochemical studies demonstrate a selective vulnerability
of populations in hippocampal pyramidal and interneurons
thus suggesting that this key limbic structure, that plays
an important role in learning and memory, especially in
declarative memory [59], including the ability to retain and
recall episodic memories, is impacted in autism.

F 5: GAD65 mRNA-labeled neurons (arrows) in the dentate
nuclei in a control case illustrating a small cell in A and a larger cell in
B. Note the silver grain GAD65-mRNA-positive labeling throughout
both cells. Scale bar in A = 20 𝜇𝜇m and refers to both A and B.
Permissions granted from modi�ed �gure found in �ip et al., 2009
[47].

e authors suggest that common genetic variation within
this putative ASD risk gene has the capacity to modify the
development of cerebellar systems and thus may in part play
a role in brainstem abnormalities observed in ASD.

3. Limbic System Abnormalities in ASD
3.1. Hippocampus. As early as 1985, abnormalities were
noted in the hippocampus in postmortem patients with
autism [2]. In two brains that were serially sectioned, the Nissl
stained hippocampus qualitatively demonstrated increased
cell packing density (increased numbers of neurons per unit
volume) throughout the CA and subicular sub�elds. e
increased cell packing density in the hilar CA4 sub�eld gave
the structure a more �attened appearance when compared to
controls. In a later report when more cases were included in
the studies, Bauman and Kemper [3] also reported reduced
pyramidal cell size in the hippocampus in autism cases.
A Golgi analysis of the CA1 and CA4 regions revealed a
decreased complexity and extent of dendritic arbors [57].
Stunting of the dendritic arbors as well as reduced secondary and tertiary branching in these CA neurons were
demonstrated. In a follow-up study, Lawrence et al. [58]

3.2. Entorhinal Cortex. e formation of new declarative
memories relies on both the hippocampus and parahippocampus [60] and it is interesting the anterior most part
of the parahippocampal gyrus, the entorhinal cortex (Brodmann area 28), also has demonstrated abnormalities in
autism. In postmortem cases, it was found that a relatively
clear zone deep to the super�cial layer, the lamina dissecans,
persists in the adult autism cases, whereas in control cases, it
typically disappears during childhood [2].
3.3. Amygdala. Pathology in the amygdala was also reported
in the early studies by Bauman and Kemper. Similar to the
hippocampus, it was observed that there was an increased
packing density in select amygdalar subregions including
the central, medial, and cortical nuclei by about 30–35%
with reduced cell size also reported in these regions [2].
e basolateral complex was noted to have only minor
changes. Follow-up studies were conducted by Schumann
and Amaral [61] who �rst used stereology and the fractionator method in ten human postmortem cases through the
entire amygdala and all of its nuclear regions to establish
baseline counts upon which to subsequently compare cases
with neurological disorders such as autism. en in the �rst
quantitative stereological study of the autistic brain, neurons
in several amygdala subdivisions of nine autism male brains
were counted and measured and compared to the counts
from ten age-matched male control brains [62]. In that
study, there was no diﬀerence in the overall volume of the
amygdala or in individual subdivisions nor were there any
changes in cell size. e authors did report that there were
signi�cantly fewer neurons in the autistic amygdala overall
and in its lateral nucleus. ese results when combined with
structural MRI studies suggest that the autistic amygdala
appears to undergo an abnormal growth pattern of postnatal
development that includes early enlargement and ultimately
a reduced number of neurons [63, 64]. Interestingly, children
with autism aged 7.5–12.5 years of age had larger right and le
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amygdalar volumes when compared to typically developing
control children but there were no diﬀerences in amygdala
volume between the adolescent groups (12.75–18.5 years of
age). Since the amygdala in typically developing children
increases substantially in volume from 7.5 to 18.5 years of
age, the authors concluded that the amygdala in children with
autism is initially larger, but does not undergo the age-related
increase observed in typically developing children [64].
3.4. Anterior Cingulate Cortex (ACC; Brodmann Area 24).
e anterior cingulate cortex (ACC; Brodmann area 24
or BA 24) participates in a variety of functions including
executive, evaluative, and cognitive functions and emotion
[65–67]. Information processing of high-order sensory and
multimodal information occurs via its connections with the
prefrontal cortex and parietal cortex and with the motor
systems, including the frontal eye �elds [68–72]. e ACC
participates in early learning and problem solving [68], as well
as error detection, emotional response to pain, anticipation
of tasks, motivation, monitoring of social interaction, and
modulation of social-emotional responses [73–76]. It has also
been postulated that the ACC plays a role in theory-of-mind
due to circuitry linking the ACC with the adjacent frontal
cortex and temporoparietal junction [77]. is circuit may
also be involved in joint attention that is de�cient in many
individuals with autism [78, 79]. us, disruptions of this
region, at any level, cellular or chemical, could lead to social,
communication, and other behavioral de�cits.
Bauman and �emper �rst observed �ualitatively cytoarchitectonic diﬀerences in the anterior cingulate cortex in their
early autism cases despite much of the cerebral cortex being
observed as relatively unremarkable [2]. ese authors also
reported that the ACC in autism cases was poorly laminated
with small cells and altered packing density [6, 29, 80].
In a subse�uent study, a signi�cant decrease in neuronal
area was observed in the supragranular and infragranular
layers of area 24b (a subregion of the ACC) as well as a
signi�cant decrease in cell volume in the supragranular and
infragranular layers of the same region [81]. Speci�cally,
there was a signi�cant decrease in neuronal size in layers I–III
and layers V-VI in area 24b and in cell packing density in
layers V-VI of area 24c. Cytoarchitectonic abnormalities were
seen in 3 of 9 autism cases; an example is found in Figure 6.
Increased density of neurons in the white matter adjacent
to layer VI was present in the remaining cases suggesting developmental anomalies [81]. e ectopic distribution
of neurons within speci�c lamina of the ACC represents
abnormal distribution within the target lamina due to a
failure of proper migration to the cortical plate [82]. e
increased neurons in the white matter in autism cases may
be due to a persistence of a normally transient fetal/neonatal
primordial plexiform layer, a recipient region for neuronal
migration that separates it into layer I, and a transient
subplate zone deep to the cerebral cortex [83, 84]. e
excess neurons in the white matter in autism cases in the
region of the ACC may represent a lack of completed
migration from the subplate into the primordial plexiform
layer thus aﬀecting subcortical and cortical circuitry [85–
88]. Collectively, these abnormalities in neuronal migration
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represent early developmental defects in the autism brain.
Interestingly, similar cytoarchitectonic abnormalities as well
as white matter neuron increases were also noted in the
posterior cingulate cortex by Oblak et al. [89] discussed in
the next section. It is also noteworthy that Bailey et al. [5]
also reported atypical laminar patterns in the frontal cortex
in postmortem autism cases.
Neurochemical diﬀerences in the ACC have been
reported via imaging studies as well as from analyses from
postmortem tissue samples from autistic patients. An imaging study by Murphy et al. [90] in eight adult subjects
with Asperger’s syndrome, using single-photon-emission
computed tomography (SPECT) imaging, demonstrated a
signi�cant reduction in 5-HT2A receptor binding in select
cortical areas including the anterior and posterior cingulate
cortices and parts of the parietal and temporal lobes compared to ten matched controls. Interestingly, the decreased
receptor binding was signi�cantly related to abnormal social
communication scores. It is unclear whether the 5-HT2A
receptor changes might be related to the neuropathology
within the cortical lamina or whether it is a more global eﬀect
since it was demonstrated in a number of brain regions. A
recent study by Azmitia et al. [91] found increased 5-HT
axons in the cortex of individuals with autism, suggesting
that increased release of serotonin from these terminals
may in part account for the reduced 5-HT2A receptors.
In some cases, these axons were of a dysmorphic nature.
Nakamura et al. [92] used PET imaging and found reduced
5-HT transporter (5-HTT) binding in the anterior and
posterior cingulate cortices associated with impairment in
social cognition in individuals with high functioning autism
and reduction of 5-HTT binding in the thalamus correlated
to obsessive behaviors and interests. Goldberg et al. [93]
published �ndings from a PET imaging study on the parents
of children with Autism Spectrum Disorders (ASD) having
signi�cantly reduced 5-HT2 binding and found that their
platelet 5-HT levels were inversely correlated to the 5-HT2
binding potential.
In addition to changes in serotonin receptors, alterations
in GABA receptors have also been reported in the ACC
in adult autism patients from postmortem tissue analyses.
Oblak et al. [94] studied the benzodiazepine binding site
on the GABAA receptor complex due to its importance as
a target for pharmacotherapy and its clinical implications.
e multiple-concentration ligand-binding study utilized
3
H-�unitrazepam to determine the number (𝐵𝐵max ), binding
aﬃnity (𝐾𝐾𝑑𝑑 ), and distribution of benzodiazepine binding
sites and used 3 H-muscimol to label GABAA receptors in
the ACC in adult autistic and control cases. e autistic
group had signi�cant decreases in the mean number of benzodiazepine binding sites in the supragranular (28.9%) and
infragranular (16.4%) lamina and in the number of GABAA
receptors in the supragranular (46.8%) and infragranular
(20.2%) layers of the ACC. In addition, a trend for a decrease
in for the number of benzodiazepine sites was found in the
infragranular layers (17.1%) in the autism group suggesting
that this downregulation of both benzodiazepine sites and
GABAA receptors in the ACC may be the result of increased
GABA innervation and/or release disturbing the delicate
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Control

Autism
(a)

(b)

F 6: Lamination of ACC in control and autism brains (40x). Note irregular lamination obvious in layers III-V in an autism case (le
�gure) compared to control at right. In each �gure, layer II is on right side, layers V-Vi at le. Also note, the ACC lacks a layer IV. Permissions
granted for modi�ed �gure from Simms et al., 2009 [81]. Scale bar = 1 mm.

excitation/inhibition balance of principal neurons as well as
their output to key limbic cortical targets. It is unknown
whether the excitatory components, that is, glutamate and
glutamate receptor subtypes, are also changed in the autism
group in the ACC but experiments are currently underway
aimed to address this issue.
In another study, Oblak et al. [95] also looked at GABAB
receptors in the ACC in adult autism cases relative to
matched controls. GABAB receptors play an important role
in modulating synapses and maintaining the balance of
excitation/inhibition in the brain. e density of GABAB
receptors in subjects with autism and matched controls was
quanti�ed in the anterior cingulate cortex and signi�cant
reductions were demonstrated. e authors postulate that
alterations in this key inhibitory receptor subtype may in
part contribute to the functional de�cits in individuals with
autism. Interestingly, the presence of seizure in a subset of
autism cases did not have a signi�cant eﬀect on the density of
GABAB receptors in the ACC. Oblak et al. [95] found similar
results in two other cortical regions, the posterior cingulate
cortex (PCC) and the fusiform gyrus (FG) discussed below.
3.5. Posterior Cingulate Cortex (PCC; BA 23). e PCC in
postmortem autism cases also has laminar abnormalities that
are relatively similar to the ACC but had more extensive
�ndings. Oblak et al. [96] examined 8 autism cases via
Nissl stained sections from tissue blocks obtained from
brain banks. In that study, one case had increased neurons
in layer I, and increased cell packing density in layer III.
Another case had large neurons with irregular distribution
in layer II but smaller neurons distributed in layer III and
irregular distribution of neurons in layer V. Four other cases
had layer V abnormalities and three cases had increased

density of white matter neurons similar to �ndings in the
ACC. ese cortical abnormalities represent a failure of
normal cortical development with respect to the migration
of neurons from the ventricular germinal zone to the cortical
plate which occurs between 8 and 22 weeks of gestation
[82, 88]. Interestingly, in the same 8 cases, GABAergic
interneuron subpopulations were counted via immunocytochemical techniques. Both parvalbumin-immunoreactive
neuronal density and calbindin-immunoreactive neuronal
density were preserved in the PCC in the autism cases relative
to matched controls. is �nding is surprising because as
previously noted, Lawrence et al. [58] did �nd sub�eld
selective signi�cant changes in interneuron density in the
hippocampus in autism cases. It is also a key �nding because
in two other studies, Oblak et al. [94, 95] using ligand
binding techniques noted a quantitative reduction in both
benzodiazepine binding sites and GABAA receptors in the
PCC in adult autism cases as well as a reduction in the
relative density of GABAB receptors in the same region.
Taken together, it is likely that the density of GABAergic
innervation to pyramidal cells in the PCC is altered due
to either altered GABA release or due to changes in the
recipient dendritic arbors. is is quite interesting in light of
the fact that Oblak et al. [96] used stereological techniques to
quantify GABAergic interneurons in the PCC from calbindin
and parvalbumin immunolabeled subpopulations (two of
the most common types) and found that there were no
diﬀerences in relative density in the supra- or infragranular
lamina in the young adult ASD group (𝑛𝑛 = 7-8) compared
to matched controls (𝑛𝑛 = 7). ere was a statistical trend
for reduced calbindin-immunoreactive neurons in both the
super�cial and deep layers of the PCC and this will need to
be followed up by additional studies with increased numbers
of ASD cases.

Scienti�ca
3.6. Defects in the Default Network in ASD. e functional
signi�cance of defects in the cingulate cortices in autism
is that they play a critical role in developmental processes,
formation of circuits, and presumably in the disruption
of the excitatory/inhibitory balance within the gyrus. It is
likely that such disturbances, with a prenatal origin, will
aﬀect behavioral domains in autistic patients in a variety of
ways. Certainly social-emotional and social-communicative
behaviors come into play and it has already been shown that
diﬀerences in neurochemical density and distribution can be
related to such behaviors. But oen overlooked is another
key aspect of the both cingulate areas: their critical roles in
the default mode network (DMN), a network that is active
during passive resting states and cognitive processes and has
been shown to be defective in autism [97–100]. Of interest in
autism is how such alterations in DMN might relate to social
de�cits in ASD such as eory of Mind. Assaf et al. [99] used
data-driven analyses of DMN subnetworks they term DMSNs, in sixteen high functioning ASD patients compared to
sixteen typically developing controls. e authors concluded
that their analyses supported the hypothesis that DM-SNs
underconnectivity of the precuneus with the frontal and
anterior cingulate cortices contributed to the core de�cits
in ASD based on the Social Responsiveness Scale and
Autism Diagnostic Observational Schedule (ADOS). Monk
et al. [98] describe the default network to include the
posterior cingulate cortex, retrosplenial cortex, lateral parietal cortex/angular gyrus, medial prefrontal cortex, superior
frontal gyrus, temporal lobe, and parahippocampal gyrus, all
strongly active when there is no task being performed. Using
fMRI, these authors found that poorer social functioning
in the ASD group was correlated with weaker connectivity
between the frontal cortex and PCC. In contrast, more
severe repetitive behaviors and restricted interests in the ASD
patients were correlated with stronger connectivity between
the right parahippocampal gyrus and the PCC. erefore,
within the default network, there is a disturbance in the
intrinsic connectivity and between DMN structures that
participate in key ASD behaviors, including both the ACC
and PCC.

4. Neocortical Pathology in ASD
4.1. Cortical Dendritic Abnormalities in ASD. Hutsler and
Zhang [101] used the Golgi method and recently found
alterations in dendritic spine densities on cortical projection
neurons in ASD. ese authors examined portions of the
temporal, parietal, and frontal lobes and found increased
dendritic spine densities in layer II in all three cortical
regions and in layer V of temporal lobe cortex. Higher spine
densities were also correlated with decreased brain weights
and commonly found in cognitively impaired ASD subjects.
ese authors discuss the possibility that the increased spine
densities may be the result of de�cient culling of connections
during the postnatal period and may represent an alteration
of the density of excitatory synapses to these cortical neurons.
ese results make an important contribution to the literature
and further expand on cortical changes in ASD that have been
reported over the last decade.
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4.2. Aberrant Organization of Cortical Minicolumns in ASD.
Perhaps one of the most striking �ndings over that time
period has been the series of articles by Casanova and
colleagues initially reporting that in layer III of prefrontal
and temporal cortex there is an alteration in cell columns in
ASD [102, 103]. ese investigators reported that there was
an increased number of cortical “minicolumns,” combined
with fewer neurons per column and less neuropil space in
their periphery ([103] summarized in [104]). Minicolumns
are functional modular arrangements of neurons that span
most or all neocortical layers of the brain and serve to
organize neurons in a de�ned space and have similar
response properties [105, 106]. ey are part of a larger
macrocolumnar system which is thought to be important in
generalization whereas smaller minicolumns may facilitate
discrimination [103, 107]. e smaller peripheral neuropil
space of minicolumns in ASD has hypothesized impact
GABAergic innervation to the minicolumnar neurons and
thus may interfere with signal processing and diﬀerentiation
[103], but further studies are needed. In this light, DeFelipe
et al. [108] and subsequently Peters and Sethares [109] had
previously described the presence and role of immunocytochemically stained double bouquet cells and how they relate
to pyramidal cell modules in the monkey striate cortex. ese
GABAergic interneurons have vertically oriented “horse-tail”
axons arranged in a regular array in layers II/III such that they
run alongside pyramidal cell dendritic clusters, whereas in
layer IV𝐶𝐶 they are closely associated with myelinated axon
bundles [109]. It would be quite interesting to determine
whether there are alterations in the density or distribution
of double-bouquet cells in autism and how they might relate
to increased number and narrower minicolumns. Internal
components of minicolumns can also be observed by using
antibodies to microtubule-associated protein type 2 (MAP2)
that labels apical dendrites. An example of a tangential
section cut across layer IV in human frontal cortex is seen
in Figure 7. It represents an alternate method to view and
quantify minicolumnar organization but is a very diﬃcult
and time-consuming approach.
e actual technique of quantitative analysis of minicolumns was described by Schlaug et al. [110] in the Zilles lab
in Dusseldorf. e index of verticality describes the deviation
of a distinct brain area and layer(s) from the mean degree of
vertical organization (based on Nissl-stained material) and
all layers examined. In short, diﬀerent degrees of columnar
organization can be quantitatively described by the verticality
index and used as criteria to describe and characterize
diﬀerent cerebral cortical areas [110]. ese methods were
modi�ed and updated by Buxhoeveden et al. [106, 111]
and utilized in their studies on ASD Nissl stained material. Of interest are Gustafsson’s comments that narrower
minicolumnar organization in autism may, alternatively, be
due to an early low capacity for producing serotonin (5HT) as described in autism [112, 113] as such alterations
in minicolumn structure have been seen in lab animals
with lower 5-HT levels. Another alternative hypothesis is
due to insuﬃcient nitric oxide, which has been shown from
neural network analysis to cause narrower neural columns
[107]. More recently, Casanova and colleagues conducted a
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F 7: A 50 𝜇𝜇m vibratome cut section demonstrates vertical
minicolumnar organization in the human inferior frontal cortex via
immunohistochemistry section incubated with primary antibodies
to microtubule-associated protein type 2 (MAP2) that labels apical
dendrites (Figure 1; 1000x; red circle). Note the radial organization
of columnar components in this tangential section through layer IV.
is represents the center of a cortical minicolumn.

comprehensive analysis of Nissl-based photo mosaics from a
number of cerebral cortical areas in autism [114]. e greatest
diﬀerence between autism (𝑛𝑛 = 7; aged 4–67 years) and
control (𝑛𝑛 = 7; aged 4–65 years) groups in the study was
observed in Broca’s area (Brodmann area 44) with narrow
minicolumnar organization similar to that found in other
select cortical regions in ASD.
4.3. Abnormal Frontal Lobe Growth in ASD. Behavioral
symptoms in ASD �rst appear with subtle abnormalities in
motor, sensory, attention, and social behavioral and appear as
early as the �rst or second year of life [115–119]. By the time
an aﬀected individual is about 2 to 3 years of age, there are
failures to achieve normal language and social developmental
milestones leading to proper diagnosis of ASD [119]. It has
been known for a decade that abnormalities in brain growth,
including enlargements of cerebral, cerebellar, and limbic
structures, occur in subjects with ASD at about this age range
[63, 120–122]. is corresponds to the observable symptomatology of ASD and subsequent observations of reversed
asymmetry in frontal language cortex in boys with ASD [123–
125]. Interestingly, the period of brain overgrowth is followed
by an abnormally reduced rate of brain growth [119]. e
abnormal cortical overgrowth is especially pronounced in the
frontal lobes, particularly medial and dorsolateral regions,
and has been hypothesized to aﬀect the developmental
timetable for synaptogenesis, dendritic growth, and circuit
formation with aﬀects in higher-order social communication,
emotional processing, language, and cognition [119].
4.4. Fusiform Gyrus (BA 37) Neuropathology in ASD. e FG,
also called the occipitotemporal gyrus, extends the length
of the inferior occipitotemporal region between the collateral sulcus and parahippocampal gyrus (medially) and the
occipitotemporal sulcus (laterally) [126] and is diﬀerentiated
from these structures based on diﬀerences in cytoarchitecture
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[127]. ere are two published reports that quantify neurons
in the fusiform gyrus (FG) in the temporal lobe, a region
that contains the fusiform face area (FFA) and is important
for identifying faces, perception of facial expressions, and
emotional responses related to facial features and has shown
to be altered (i.e., mainly hypoactive in fMRI studies) in
ASD. e seminal study of the neuropathology of the FG
was conducted by van Kooten et al. [128]. Using stereological
techniques, these investigators found in seven postmortem
brains from patients with autism compared to ten matched
controls that there was a signi�cant reduction in neuron
densities in layer III in the FG, reduction in total neuron
numbers in layers III, V and VI, and in the mean perikaryal
volumes of FG neurons in layers V, and VI. ese �ndings
demonstrate that there are developmental abnormalities in
the FG with regard to the density, number, and distribution
of neurons in particular supra- and infragranular lamina
and potentially could disturb information processing related
to the ability to properly perceive facial expressions [128].
e second report used blocks of tissue from the FG from
nine autistic patients aged 14–37 years compared to matched
controls aged 16–36 years [89]. In marked contrast to the
van Kooten study, no signi�cant diﬀerences were noted in
the densities of thionin-stained neurons, or in parvalbuminor calbindin-immunoreactive interneurons in the FG. In
addition, unlike the ACC and PCC, no cytoarchitectonic
abnormalities in gray or white matter were observed. However, these same authors did �nd signi�cant reductions
in super�cial (I–IV) and deep (V-VI) in 3 H-�unitrazepam
labeled benzodiazepine binding sites in the FG and signi�cantly reduced 3 H-muscimol labeled GABAA receptor number in super�cial layers in a multiple concentration ligand
binding study [95]. In a previous study, Oblak et al. [95] also
demonstrated signi�cantly decreased 3 H-CGP54626 labeled
GABAB receptor density in both super�cial and deep layers in
a single-concentration receptor binding investigation (Figure
8). It is not known whether these diﬀerences might be due
to the changes in neuron number and/or cytoarchitecture
such as reported by van Kooten et al. [128] but does infer
that there are again diﬀerences in GABAergic innervation
to pyramidal neurons in the FG despite relatively normal
GABAergic interneuron densities throughout the FG lamina. Experiments are currently underway in our laboratory
investigating the glutamatergic system in the FG, ACC, PCC,
cerebellum, and in selective speech and language areas to
gain a better understanding of how the excitatory/inhibitory
balance might be disturbed in cerebellar, limbic, and/or
neocortical regions in ASD.

5. GABAergic Pharmacotherapy in Autism:
Targeting Binding Sites
Oswald and Sonenklar [129] reported that in 2002, 4.2%
of autistic patients received at least one prescription for a
benzodiazepine; there have been relatively few clinical studies
of the eﬃcacy of this class of agents in autism populations.
is is quite interesting as evidence suggests that the density
of benzodiazepine sensitive GABAA receptors is reduced
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F 8: Graph demonstrating [3 H]-CGP54626 labeled GABAB receptor binding density in the fusiform gyrus (FG) from a control (a) and
an autistic case (b). (c) is a scatter plot of all cases included in the study. Signi�cant reductions (∗∗) in the super�cial (𝑃𝑃 = 0.019) and deep
(𝑃𝑃 = 0.00095) layers were found in the autism cases compared to age- and postmortem interval-matched controls. Permissions granted from
Oblak et al., 2010 [95].

in autism [94, 130, 131]. One early case report describes
paradoxical angiogenic and aggressive responses to diazepam
in seven children with autism [132]; however, a later report
describes the routine use of midazolam for preanesthetic
sedation of autistic patients [133]. It is noteworthy that clinical trials are now addressing the likely excitation : inhibition
imbalance in autism using metabotropic glutamate (mGluR)
antagonists as well as GABAergic agonists for the treatment
of ASD [134]. Both have promising preliminary data from
animal studies and small scale Phase II human trials with
favorable side eﬀects and are awaiting larger scale doubleblind placebo-controlled clinical studies. Recent �ndings
from our laboratory have found increased mGluR1 mRNA
in the cerebellum in adult individuals with autism in a

postmortem study adding further evidence to the imbalance
[135]. is is in contrast to recent �ndings regarding Selective
Serotonin Reuptake Inhibitors (SSRIs) that have recently
been shown to be largely ineﬀective in many individuals with
autism with largely unfavorable and even harmful side eﬀects
[136].

6. Conclusions
Autism is a complex neurological disorder that has distinct
neuropathological brain areas that are associated with core
behavioral features due to their known functional roles.
ere is wide diversity in features among cases but there
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are also consistent �ndings that will undoubtedly contribute
to the establishment of autism subgroups based on their
structural, neurochemical, and genetic features. It remains to
be determined whether blueprints will emerge that de�nes
speci�c subgroups with predictive value for interventions
and improved treatments. But strides are being made in
a variety of disciplines aimed to distinguish such groups.
Postmortem analyses have been largely based on a relatively
small number of cases, and many with seizures in their
clinical histories, as Amaral et al. [17] point out in their
review. But despite this, consistent reliable �ndings have
emerged with signi�cant results, especially with regard to
GABAergic receptor subtypes which take a major hit in
the disorder. ere are also many clues as to the timing of
origin of ASD. Changes in the cytoarchitecture of limbic and
neocortical areas and the presence of excess cells in the white
matter adjacent to layer VI in the cingulate cortices give clues
toward the late prenatal/early postnatal periods. Hindbrain
changes such as a misalignment of inferior olivary neurons
along the edge of the principal olivary ribbon of neurons
suggest a prenatal insult, perhaps even in the 1st trimester
in a subset of cases, and that is the key word, “subsets,”
because it is very clear that values within the autism group
of cases separate into those values that overlap with normal
results and those that are found either up- or down-regulated.
As the brain banks improve their collection of medical
histories open to investigators as well as genetic background,
additional patterns will emerge. Improved technologies in
imaging are also leading the way toward determining not only
structural and functional diﬀerences among brain structures,
but also neurochemical pro�les for both children and adults
with the disorder. Certainly the genetic, epigenetic, and
environmental in�uences will also lead the way toward a
better understanding of why gene(s) are dysregulated in the
autism brain and where they are expressed, and how this
may correlate with imaging and neuropathological �ndings
including neuroimmune changes. So we have come a long
way but there is much more to explore and meanwhile,
the incidence keeps rising. With the advent of DSM-5, the
direction may change somewhat as diﬀerent types of autism
will be grouped as one, ASD, with what appears to be more
stringent criteria. is may prove diﬃcult to those that
conduct postmortem research so the greater information that
is gathered and made available to investigators, coupled with
more cases donated, will propel the �eld toward a better
mechanistic understanding of the disorder.

Acknowledgments
e author would like to thank the following brain banks that
make postmortem research possible: e Autism Tissue Program (ATP; Dr. Jane Pickett, Director), e Autism Research
Foundation (TARF; Dr. Margaret Bauman, Director), e
Eunice Kennedy Shriver NICHD Brain and Tissue Bank
at the University of Maryland, Baltimore, MD, USA (Dr.
Ronald Zielke, Director), and the Harvard Brain and Tissue
Resource Center (HBTRC; Dr. Francene Benes, Director).
Additional thanks to present and former personnel and

Scienti�ca
collaborators in the Laboratory for Autism Neuroscience
Research that have contributed to the research eﬀorts: (i.e.,
Blatt Lab): Dr. Margaret Bauman, Dr. omas Kemper, Dr. JJ Soghomonian, Dr. Terrell T. Gibbs, Dr. Elizabeth Whitney,
Dr. Sandy evarkunel, Dr. Jane Yip, Dr. Adrian Oblak,
Dr. Paola Piras, and Caitlin Clancy who has helped with
the �gures, references, and editing of the paper. e author
would especially like to thank the grant supporters that
have made the lab’s work possible including: e Hussman
Foundation, e Nancy Lurie Marks Foundation, Autism
Speaks and its former NAAR and CAN entities, and e
Eunice Kennedy Shriver National Institute for Child Health
and Human Development Grant no. HD 5R01HD039459
(GJB, P.I.).

References
[1] L. Kanner, “Autistic disturbances of aﬀective contact,” e
Nervous Child, vol. 2, pp. 217–250, 1943.
[2] M. Bauman and T. L. Kemper, “Histoanatomic observations of
the brain in early infantile autism,” Neurology, vol. 35, no. 6, pp.
866–874, 1985.
[3] M. L. Bauman and T. L. Kemper, “Neuroanatomic observations
of the brain in autism,” in e Neurobiology of Autism, M. L.
Bauman and T. L. Kemper, Eds., pp. 119–145, Johns Hopkins
University Press, Baltimore, Md, USA, 1994.
[4] A. Bailey, W. Phillips, and M. Rutter, “Autism: towards an
integration of clinical, genetic, neuropsychological, and neurobiological perspectives,” Journal of Child Psychology and
Psychiatry and Allied Disciplines, vol. 37, no. 1, pp. 89–126, 1996.
[5] A. Bailey, P. Luthert, A. Dean et al., “A clinicopathological study
of autism,” Brain, vol. 121, no. 5, pp. 889–905, 1998.
[6] T. L. Kemper and M. Bauman, “Neuropathology of infantile
autism,” Journal of Neuropathology and Experimental Neurology, vol. 57, no. 7, pp. 645–652, 1998.
[7] N. J. Minshew, J. A. Sweeney, and M. L. Bauman, “Neurological
aspects of autism,” in Handbook of Autism and Pervasive
Developmental Disorders, D. H. Cohen and F. R. Volkmar, Eds.,
pp. 344–369, John Wiley & Sons, New York, NY, USA, 2nd
edition, 1997.
[8] I. Rapin, “Autism,” e New England Journal of Medicine, vol.
337, no. 2, pp. 97–104, 1997.
[9] I. Rapin and R. Katzman, “Neurobiology of autism,” Annals of
Neurology, vol. 43, no. 1, pp. 7–14, 1998.
[10] American Psychiatric Association, Diagnostic and Statistical
Manual of Mental Disorders, American Psychiatric Association,
Washington, DC, USA, 4th edition, 2000.
[11] M. Wingate, B. Mulvihill, R. S. Kirby et al., “Prevalence of autism
spectrum disorders—autism and developmental disabilities
monitoring network, 14 sites, United States, 2008,” Morbidity
and Mortality Weekly Report, vol. 61, no. 3, pp. 1–19, 2012.
[12] M. Stankovic, A. Lakic, and N. Ilic, “Autism and autistic spectrum disorders in the context of new DSM-V classi�cation, and
clinical and epidemiological data,” Srpski Arhiv za Celokupno
Lekarstvo, vol. 140, no. 3-4, pp. 236–243, 2012.
[13] American Psychiatric Association, “DSM-5 proposed criteria for autism spectrum disorder designed to provide
more accurate diagnosis and treatment,” 2012, http://
www.DSM-5.org/Documents/12-03%20Autism%20Spectrum
%20Disorders%20-%20DSM-5.pdf.

Scienti�ca
[14] V. Gibbs, F. Aldridge, F. Chandler, E. Witzlsperger, and K.
Smith, “Brief report: an exploratory study comparing diagnostic
outcomes for autism spectrum disorders under DSM-IV-TR
with the proposed DSM-5 revision,” Journal of Autism and
Developmental Disorders, vol. 42, pp. 1750–1756, 2012.
[15] J. L. Matson, A. M. Kozlowski, M. A. Hattier, M. Horovitz, and
M. Sipes, “DSM-IV vs DSM-5 diagnostic criteria for toddlers
with autism,” Developmental Neurorehabilitation, vol. 15, no. 3,
pp. 185–190, 2012.
[16] J. C. McPartland, B. Reichow, and F. R. Volkmar, “Sensitivity
and speci�city of proposed DSM-5 diagnostic criteria for
autism spectrum disorder,” Journal of the American Academy
of Child and Adolescent Pyschiatry, vol. 51, no. 4, pp. 368–383,
2012.
[17] D. G. Amaral, C. M. Schumann, and C. W. Nordahl, “Neuroanatomy of autism,” Trends in Neurosciences, vol. 31, no. 3,
pp. 137–145, 2008.
[18] M. Ito, “Synaptic plasticity in the cerebellar cortex and its role
in motor learning,” Canadian Journal of Neurological Sciences,
vol. 20, supplement 3, pp. S70–S74, 1993.
[19] J. D. Schmahmann, “Dysmetria of thought: clinical consequences of cerebellar dysfunction on cognition and aﬀect,”
Trends in Cognitive Sciences, vol. 2, no. 9, pp. 362–371, 1998.
[20] J. D. Schmahmann and J. C. Sherman, “e cerebellar cognitive
aﬀective syndrome,” Brain, vol. 121, pp. 561–579, 1998.
[21] N. Ramnani, “Frontal lobe and posterior parietal contributions
to the cortico-cerebellar system,” Cerebellum, vol. 11, no. 2, pp.
366–383, 2011.
[22] A. M. Tedesco, F. R. Chiricozzi, S. Clausi, M. Lupo, M. Molinari,
and M. G. Leggio, “e neuropsychological pro�le of cerebellar
damage: the sequencing hypothesis,” Cortex, vol. 47, no. 1, pp.
137–144, 2011.
[23] F. A. Middleton and P. L. Strick, “Cerebellar projections to the
prefrontal cortex of the primate,” Journal of Neuroscience, vol.
21, no. 2, pp. 700–712, 2001.
[24] P. L. Strick, R. P. Dum, and J. A. Fiez, “Cerebellum and
nonmotor function,” Annual Review of Neuroscience, vol. 32, pp.
413–434, 2009.
[25] N. Ramnani, “e primate cortico-cerebellar system: anatomy
and function,” Nature Reviews Neuroscience, vol. 7, no. 7, pp.
511–522, 2006.
[26] E. R. Whitney, T. L. Kemper, M. L. Bauman, D. L. Rosene,
and G. J. Blatt, “Cerebellar Purkinje cells are reduced in a
subpopulation of autistic brains: a stereological experiment
using calbindin-D28k,” Cerebellum, vol. 7, no. 3, pp. 406–416,
2008.
[27] R. S. Williams, S. L. Hauser, and D. P. Purpura, “Autism and
mental retardation. Neuropathologic studies performed in four
retarded persons with autistic behavior,” Archives of Neurology,
vol. 37, no. 12, pp. 749–753, 1980.
[28] E. R. Ritvo, B. J. Freeman, and A. B. Scheibel, “Lower Purkinje
cell counts in the cerebella of four autistic subjects: initial �ndings of the UCLA-NSAC autopsy research report,” American
Journal of Psychiatry, vol. 143, no. 7, pp. 862–866, 1986.
[29] T. L. Kemper and M. L. Bauman, “e contribution of neuropathologic studies to the understanding of autism,” Neurologic Clinics, vol. 11, no. 1, pp. 175–187, 1993.
[30] S. H. Fatemi, A. R. Halt, G. Realmuto et al., “Purkinje cell size
is reduced in cerebellum of patients with autism,” Cellular and
Molecular Neurobiology, vol. 22, no. 2, pp. 171–175, 2002.

13
[31] D. L. Vargas, C. Nascimbene, C. Krishnan, A. W. Zimmerman,
and C. A. Pardo, “Neuroglial activation and neuroin�ammation
in the brain of patients with autism,” Annals of Neurology, vol.
57, no. 1, pp. 67–81, 2005.
[32] C. A. Pardo, D. L. Vargas, and A. W. Zimmerman, “Immunity,
neuroglia and neuroin�ammation in autism,” International
Review of Psychiatry, vol. 17, no. 6, pp. 485–495, 2005.
[33] E. Courchesne, O. Saitoh, R. Yeung-Courchesne et al., “Abnormality of cerebellar vermian lobules VI and VII in patients with
infantile autism: identi�cation of hypoplastic and hyperplastic
subgroups with MR imaging,” American Journal of Roentgenology, vol. 162, no. 1, pp. 123–130, 1994.
[34] E. Courchesne, O. Saitoh, J. P. Townsend et al., “Cerebellar
hypoplasia and hyperplasia in infantile autism,” e Lancet, vol.
343, no. 8888, pp. 63–64, 1994.
[35] G. B. Schaefer, J. N. ompson, J. B. Bodensteiner et al.,
“Hypoplasia of the cerebellar vermis in neurogenetic syndromes,” Annals of Neurology, vol. 39, no. 3, pp. 382–385, 1996.
[36] M. Lee, C. Martin-Ruiz, A. Graham et al., “Nicotinic receptor
abnormalities in the cerebellar cortex in autism,” Brain, vol. 125,
pp. 1483–1495, 2002.
[37] C. M. Martin-Ruiz, M. Lee, R. H. Perry, M. Baumann, J. A.
Court, and E. K. Perry, “Molecular analysis of nicotinic receptor
expression in autism,” Molecular Brain Research, vol. 123, no. 12, pp. 81–90, 2004.
[38] P. M. Lippiello, “Nicotinic cholinergic antagonists: a novel
approach for the treatment of autism,” Medical Hypotheses, vol.
66, no. 5, pp. 985–990, 2006.
[39] S. I. Deutsch, M. R. Urbano, S. A. Neumann, J. A. Burket,
and E. Katz, “Cholinergic abnormalities in autism: is there a
rationale for selective nicotinic agonist interventions?” Clinical
Neuropharmacology, vol. 33, no. 3, pp. 114–120, 2010.
[40] S. H. Fatemi, K. A. Aldinger, P. Ashwood et al., “Consensus
paper: pathological role of the cerebellum in autism,” Cerebellum, vol. 11, no. 3, pp. 777–807, 2012.
[41] M. E. Scheibel and A. B. Scheibel, “Observations on the
intracortical relations of the climbing �bers of the cerebellum:
a Golgi study,” e Journal of Comparative Neurology, vol. 101,
no. 3, pp. 733–764, 1954.
[42] J. Szentágothai and K. Rajkovits, “Über den Ursprung der
Kletterfasern des Kleinhirns,” Zeitschri für Anatomie Und
Entwicklungsgeschichte, vol. 121, no. 2, pp. 130–141, 1959.
[43] J. Hámori and J. Szentágothai, “Identi�cation under the electron
microscope of climbing �bers and their synaptic contacts,”
Experimental Brain Research, vol. 1, no. 1, pp. 65–81, 1966.
[44] S. M. Sumi, “Brain malformations in the trisomy 18 syndrome,”
Brain, vol. 93, no. 4, pp. 821–830, 1970.
[45] W. A. DeBassio, T. L. Kemper, and J. E. Knoefel, “Coﬃn-siris
syndrome. Neuropathologic �ndings,” Archives of Neurology,
vol. 42, no. 4, pp. 350–353, 1985.
[46] P. I. Yakovlev and A. R. Lecours, “Myelogenetic cycles of
regional maturation of the brain,” in Regional Development of
the Brain in Early Life, A. Minkowski, Ed., pp. 3–70, Blackwell
Scienti�c, Oxford, UK, 1967.
[47] J. Yip, J. J. Soghomonian, and G. J. Blatt, “Decreased GAD65
mRNA levels in select subpopulations of neurons in the cerebellar dentate nuclei in autism: an in situ hybridization study,”
Autism Research, vol. 2, no. 1, pp. 50–59, 2009.
[48] V. Chan-Palay, Cerebellar Dentate Nucleus: Organization, Cytology and Transmitters, Springer, Berlin, Germany, 1977.

14
[49] J. P. Welsh, E. S. Ahn, and D. G. Placantonakis, “Is autism due
to brain desynchronization?” International Journal of Developmental Neuroscience, vol. 23, no. 2-3, pp. 253–263, 2005.
[50] G. J. Blatt, “GABAergic cerebellar system in autism: a neuropathological and developmental perspective,” International
Review of Neurobiology, vol. 71, pp. 167–178, 2005.
[51] J. P. Welsh, “Functional signi�cance of climbing-�ber synchrony: a population coding and behavioral analysis,” Annals of
the New York Academy of Sciences, vol. 978, pp. 188–204, 2002.
[52] R. J. Jou, N. J. Minshew, N. M. Melhem, M. S. Keshavan, and A.
Y. Hardan, “Brainstem volumetric alterations in children with
autism,” Psychological Medicine, vol. 39, no. 8, pp. 1347–1354,
2009.
[53] P. M. Rodier, “e early origins of autism,” Scienti�c American,
vol. 282, no. 2, pp. 56–63, 2000.
[54] M. Martchek, S. evarkunnel, M. Bauman, G. Blatt, and T.
Kemper, “Lack of evidence of neuropathology in the locus
coeruleus in autism,” Acta Neuropathologica, vol. 111, no. 5, pp.
497–499, 2006.
[55] S. evarkunnel, M. Martchek, M. L. Bauman, T. L. Kemper,
and G. J. Blatt, “Stereological study of the inferior olive in the
autistic brain,” in Proceedings of the International Meeting for
Autism Research (IMFAR ’05), vol. 5, p. 48.
[56] A. Raznahan, Y. Lee, C. Vaituzis et al., “Allelic variation within
the putative autism spectrum disorder risk gene homeobox A1
and cerebellar maturation in typically developing children and
adolescents,” Autism Research, vol. 5, no. 2, pp. 93–100, 2012.
[57] G. Raymond, M. L. Bauman, and T. L. Kemper, “e hippocampus in autism: Golgi analysis,” Annals of Neurology, vol. 26, pp.
483–484, 1989.
[58] Y. A. Lawrence, T. L. Kemper, M. L. Bauman, and G. J. Blatt,
“Parvalbumin-, calbindin-, and calretinin-immunoreactive
hippocampal interneuron density in autism,” Acta Neurologica
Scandinavica, vol. 121, no. 2, pp. 99–108, 2010.
[59] H. Eichenbaum, “e hippocampus and declarative memory:
cognitive mechanisms and neural codes,” Behavioural Brain
Research, vol. 127, no. 1-2, pp. 199–207, 2001.
[60] J. Gabrieli and Y. Kao, “Development of the declarative memory
system in the human brain,” Nature Neuroscience, vol. 10, no. 9,
pp. 1198–1205, 2007.
[61] C. M. Schumann and D. G. Amaral, “Stereological estimation
of the number of neurons in the human amygdaloid complex,”
Journal of Comparative Neurology, vol. 491, no. 4, pp. 320–329,
2005.
[62] C. M. Schumann and D. G. Amaral, “Stereological analysis of
amygdala neuron number in autism,” Journal of Neuroscience,
vol. 26, no. 29, pp. 7674–7679, 2006.
[63] B. F. Sparks, S. D. Friedman, D. W. Shaw et al., “Brain structural
abnormalities in young children with autism spectrum disorder,” Neurology, vol. 59, no. 2, pp. 184–192, 2002.
[64] C. M. Schumann, J. Hamstra, B. L. Goodlin-Jones et al., “e
amygdala is enlarged in children but not adolescents with
autism; the hippocampus is enlarged at all ages,” Journal of
Neuroscience, vol. 24, no. 28, pp. 6392–6401, 2004.
[65] B. A. Vogt, D. M. Finch, and C. R. Olson, “Functional heterogeneity in cingulate cortex: the anterior executive and posterior
evaluative regions,” Cerebral Cortex, vol. 2, no. 6, pp. 435–443,
1992.
[66] O. Devinsky, M. J. Morrell, and B. A. Vogt, “Contributions of
anterior cingulate cortex to behaviour,” Brain, vol. 118, no. 1,
pp. 279–306, 1995.

Scienti�ca
[67] R. D. Lane, E. M. Reiman, B. Axelrod, L. S. Yun, A. Holmes,
and G. E. Schwartz, “Neural correlates of levels of emotional
awareness: evidence of an interaction between emotion and
attention in the anterior cingulate cortex,” Journal of Cognitive
Neuroscience, vol. 10, no. 4, pp. 525–535, 1998.
[68] J. M. Allman, A. Hakeem, J. M. Erwin, E. Nimchinsky, P. Hof,
and F. P. Hixon, “e anterior cingulate cortex: the evolution of
an interface between emotion and cognition,” Annals of the New
York Academy of Sciences, vol. 935, pp. 107–117, 2001.
[69] R. Calzavara, P. Mailly, and S. N. Haber, “Relationship between
the corticostriatal terminals from areas 9 and 46, and those from
area 8A, dorsal and rostral premotor cortex and area 24c: an
anatomical substrate for cognition to action,” European Journal
of Neuroscience, vol. 26, no. 7, pp. 2005–2024, 2007.
[70] B. A. Vogt and D. N. Pandya, “Cingulate cortex of the thesus
monkey: II. Coritcal aﬀerents,” Journal of Comparative Neurology, vol. 262, pp. 271–279, 1987.
[71] S. S. Kaitz and R. T. Robertson, “alamic connections with
limbic cortex. II. Corticothalamic projections,” Journal of Comparative Neurology, vol. 195, no. 3, pp. 527–545, 1981.
[72] R. T. Robertson and S. S. Kaitz, “alamic connections with
limbic cortex. I. alamocortical projections,” Journal of Comparative Neurology, vol. 195, no. 3, pp. 501–525, 1981.
[73] G. Bush, P. Luu, and M. I. Posner, “Cognitive and emotional
in�uences in anterior cingulate cortex,” Trends in Cognitive
Sciences, vol. 4, no. 6, pp. 215–222, 2000.
[74] S. Nieuwenhuis, N. Yeung, W. van den Wildenberg, and K. R.
Ridderinkhof, “Electrophysiological correlates of anterior cingulate function in a go�no-go task: eﬀects of response con�ict
and trial type frequency,” Cognitive, Aﬀective and Behavioral
Neuroscience, vol. 3, no. 1, pp. 17–26, 2003.
[75] M. I. Posner, M. K. Pothbart, and G. J. Digirolamo, “Development of brain networks for orienting to novelty,” Zhurnal
Vysshei Nervnoi Deyatelnosti Imeni I.P. Pavlova, vol. 49, no. 5,
pp. 715–722, 1999.
[76] M. I. Posner, M. K. Rothbart, B. E. Sheese, and Y. Tang, “e
anterior cingulate gyrus and the mechanism of self-regulation,”
Cognitive, Aﬀective and Behavioral Neuroscience, vol. 7, no. 4,
pp. 391–395, 2007.
[77] U. Firth and C. Firth, “e biological basis of social interaction,”
Current Directions in Psychological Science, vol. 10, pp. 151–155,
2001.
[78] P. Mundy, “Annotation: the neural basis of social impairments
in autism: the role of the dorsal medial-frontal cortex and
anterior cingulate system,” Journal of Child Psychology and
Psychiatry and Allied Disciplines, vol. 44, no. 6, pp. 793–809,
2003.
[79] T. Ohnishi, H. Matsuda, T. Hashimoto et al., “Abnormal regional
cerebral blood �ow in childhood autism,” Brain, vol. 123, pp.
1838–1844, 2000.
[80] T. L. Kemper, “Neuroanatomic studies of dyslexia and autism,”
in Disorders of the Developing Nervous System, J. W. Swann and
A. Messer, Eds., Changing views on their origins, diagnoses, and
treatment, pp. 125–154, Alan R. Liss, New York, NY, USA, 1988.
[81] M. L. Simms, T. L. Kemper, C. M. Timbie, M. L. Bauman,
and G. J. Blatt, “e anterior cingulate cortex in autism:
heterogeneity of qualitative and quantitative cytoarchitectonic
features suggests possible subgroups,” Acta Neuropathologica,
vol. 118, no. 5, pp. 673–684, 2009.
[82] P. Rakic, “Defects of neuronal migration and the pathogenesis
of cortical malformations,” Progress in Brain Research, vol. 73,
pp. 15–37, 1988.

Scienti�ca
[83] M. Marin-Padilla, “Early ontogenesis of the human cerebral
cortex,” in Cerebral Cortex, Volume 7, A. Peters and E. G. Jones,
Eds., pp. 1–34, Plenum Press, New York, NY, USA, 1998.
[84] H. Supèr, E. Soriano, and H. B. M. Uylings, “e functions of
the preplate in development and evolution of the neocortex and
hippocampus,” Brain Research Reviews, vol. 27, no. 1, pp. 40–64,
1998.
[85] S. Arber, “Subplate neurons: bridging the gap to function in
the cortex,” Trends in Neurosciences, vol. 27, no. 3, pp. 111–113,
2004.
[86] P. O. Kanold, P. Kara, R. C. Reid, and C. J. Shatz, “Role of
subplate neurons in functional maturation of visual cortical
columns,” Science, vol. 301, no. 5632, pp. 521–525, 2003.
[87] I. Kostovic and P. Rakic, “Developmental history of the transient subplate zone in the visual and somatosensory cortex of
the macaque monkey and human brain,” Journal of Comparative
Neurology, vol. 297, no. 3, pp. 441–470, 1990.
[88] R. L. Sidman and P. Rakic, “Development of the human
central nervous system,” in Histology and Histopathology of the
Nervous System, W. Haymaker and S. Adams, Eds., CC omas,
Spring�eld, Mass, USA, 1982.
[89] A. L. Oblak, T. T. Gibbs, and G. J. Blatt, “Reduced GABAA
receptors and benzodiazepine binding sites in the posterior
cingulate cortex and fusiform gyrus in autism,” Brain Research,
vol. 1380, pp. 218–228, 2011.
[90] D. G. M. Murphy, E. Daly, N. Schmitz et al., “Cortical serotonin
5-HT2A receptor binding and social communication in adults
with Asperger’s syndrome: an in vivo SPECT study,” American
Journal of Psychiatry, vol. 163, no. 5, pp. 934–936, 2006.
[91] E. C. Azmitia, J. S. Singh, X. P. Hou, and J. Wegiel, “Dystrophic
serotonin axons in postmortem brains from young autism
patients,” Anatomical Record, vol. 294, no. 10, pp. 1653–1662,
2011.
[92] K. Nakamura, Y. Sekine, Y. Ouchi et al., “Brain serotonin and
dopamine transporter bindings in adults with high-functioning
autism,” Archives of General Psychiatry, vol. 67, no. 1, pp. 59–68,
2010.
[93] J. Goldberg, G. M. Anderson, L. Zwaigenbaum et al., “Cortical
serotonin type-2 receptor density in parents of children with
autism spectrum disorders,” Journal of Autism and Developmental Disorders, vol. 39, no. 1, pp. 97–104, 2009.
[94] A. Oblak, T. T. Gibbs, and G. J. Blatt, “Decreased GABAa
receptors and benzodiazepine binding sites in the anterior
cingulate cortex in autism,” Autism Research, vol. 2, no. 4, pp.
205–219, 2009.
[95] A. L. Oblak, T. T. Gibbs, and G. J. Blatt, “Decreased GABAB
receptors in the cingulate cortex and fusiform gyrus in autism,”
Journal of Neurochemistry, vol. 114, no. 5, pp. 1414–1423, 2010.
[96] A. L. Oblak, D. L. Rosene, T. L. Kemper, M. L. Bauman, and G.
J. Blatt, “Altered posterior cingulate cortical cyctoarchitecture,
but normal density of neurons and interneurons in the posterior cingulate cortex and fusiform gyrus in autism,” Autism
Research, vol. 4, no. 3, pp. 200–211, 2011.
[97] D. P. Kennedy and E. Courchesne, “Functional abnormalities of
the default network during self- and other-re�ection in autism,”
Social Cognitive and Aﬀective Neuroscience, vol. 3, no. 2, pp.
177–190, 2008.
[98] C. S. Monk, S. J. Peltier, J. L. Wiggins et al., “Abnormalities of
intrinsic functional connectivity in autism spectrum disorders,”
NeuroImage, vol. 47, no. 2, pp. 764–772, 2009.

15
[99] M. Assaf, K. Jagannathan, V. D. Calhoun et al., “Abnormal
functional connectivity of default mode sub-networks in autism
spectrum disorder patients,” NeuroImage, vol. 53, no. 1, pp.
247–256, 2010.
[100] S. J. Weng, J. L. Wiggins, S. J. Peltier et al., “Alterations of
resting state functional connectivity in the default network in
adolescents with autism spectrum disorders,” Brain Research,
vol. 1313, pp. 202–214, 2010.
[101] J. J. Hutsler and H. Zhang, “Increased dendritic spine densities
on cortical projection neurons in autism spectrum disorders,”
Brain Research, vol. 1309, pp. 83–94, 2010.
[102] M. F. Casanova, D. P. Buxhoeveden, A. E. Switala, and E. Roy,
“Neuronal density and architecture (gray level index) in the
brains of autistic patients,” Journal of Child Neurology, vol. 17,
no. 7, pp. 515–521, 2002.
[103] M. F. Casanova, D. P. Buxhoeveden, A. E. Switala, and E. Roy,
“Minicolumnar pathology in autism,” Neurology, vol. 48, no. 3,
pp. 428–432, 2002.
[104] S. J. M. C. Palmen, H. van Engeland, P. R. Hof, and C. Schmitz,
“Neuropathological �ndings in autism,” Brain, vol. 127, no. 12,
pp. 2572–2583, 2004.
[105] V. B. Mountcastle, “An organizing principle for cerebral function: the unit module and the distributed system,” in e
Mindful Brain: Cortical Organization and the Group-Selective
eory of Higher Brain Function, G. M. Endelman and V. B.
Montcastle, Eds., pp. 7–51, MIT Press, Cambridge, Mass, USA,
1978.
[106] D. P. Buxhoeveden and M. F. Casanova, “e minicolumn
hypothesis in neuroscience,” Brain, vol. 125, no. 5, pp. 935–951,
2002.
[107] L. Gustafsson, “Comment on ‘disruption in the inhibitory
architecture of the cell minicolumn: implications for autism’,”
Neuroscientist, vol. 10, no. 3, pp. 189–191, 2004.
[108] J. DeFelipe, S. H. C. Hendry, T. Hashikawa, M. Molinari, and
E. G. Jones, “A microcolumnar structure of monkey cerebral
cortex revealed by immunocytochemical studies of double
bouquet cell axons,” Neuroscience, vol. 37, no. 3, pp. 655–673,
1990.
[109] A. Peters and C. Sethares, “e organization of double bouquet
cells in monkey striate cortex,” Brain Cell Biology, vol. 26, no.
12, pp. 779–797, 1997.
[110] G. Schlaug, A. Schleicher, and K. Zilles, “Quantitative analysis of
the columnar arrangement of neurons in the human cingulate
cortex,” Journal of Comparative Neurology, vol. 351, no. 3, pp.
441–452, 1995.
[111] D. P. Buxhoeveden, A. E. Switala, E. Roy, and M. F. Casanova,
“Quantitative analysis of cell columns in the cerebral cortex,”
Journal of Neuroscience Methods, vol. 97, no. 1, pp. 7–17, 2000.
[112] D. C. Chugani, O. Muzik, M. Behen et al., “Developmental
changes in brain serotonin synthesis capacity in autistic and
nonautistic children,” Annals of Neurology, vol. 45, no. 3, pp.
287–295, 1999.
[113] S. R. Chandana, M. E. Behen, C. Juh�sz et al., “Signi�cance of
abnormalities in developmental trajectory and asymmetry of
cortical serotonin synthesis in autism,” International Journal of
Developmental Neuroscience, vol. 23, no. 2-3, pp. 171–182, 2005.
[114] M. F. Casanova, A. El-Baz, E. Vanbogaert, P. Narahari, and A.
Switala, “A topographic study of minicolumnar core width by
lamina comparison between autistic subjects and controls: possible minicolumnar disruption due to an anatomical element
in-common to multiple laminae,” Brain Pathology, vol. 20, no.
2, pp. 451–458, 2010.

16
[115] J. L. Adrien, A. Perrot, D. Sauvage et al., “Early symptoms in
autism from family home movies. Evaluation and comparison
between 1st and 2nd year of life using I.B.S.E. scale.,” Acta
Paedopsychiatrica, vol. 55, no. 2, pp. 71–75, 1992.
[116] J. Osterling and G. Dawson, “Early recognition of children with
autism: a study of �rst birthday home videotapes,” Journal of
Autism and Developmental Disorders, vol. 24, no. 3, pp. 247–257,
1994.
[117] G. Dawson, J. Osterling, A. N. Meltzoﬀ, and P. Kuhl, “Case study
of the development of an infant with autism from birth to two
years of age,” Journal of Applied Developmental Psychology, vol.
21, no. 3, pp. 299–313, 2000.
[118] S. Maestro, F. Muratori, M. C. Cavallaro et al., “Attentional skills
during the �rst 6 months of age in autism spectrum disorder,”
Journal of the American Academy of Child and Adolescent
Psychiatry, vol. 41, no. 10, pp. 1239–1245, 2002.
[119] E. Courchesne and K. Pierce, “Brain overgrowth in autism
during a critical time in development: Implications for frontal
pyramidal neuron and interneuron development and connectivity,” International Journal of Developmental Neuroscience, vol.
23, no. 2-3, pp. 153–170, 2005.
[120] R. A. Carper and E. Courchesne, “Inverse correlation between
frontal lobe and cerebellum sizes in children with autism,”
Brain, vol. 123, no. 4, pp. 836–844, 2000.
[121] E. Courchesne, C. M. Karns, H. R. Davis et al., “Unusual brain
growth patterns in early life in patients with autistic disorder:
an MRI study,” Neurology, vol. 57, no. 2, pp. 245–254, 2001.
[122] R. A. Carper, P. Moses, Z. D. Tigue, and E. Courchesne,
“Cerebral lobes in autism: early hyperplasia and abnormal age
eﬀects,” NeuroImage, vol. 16, no. 4, pp. 1038–1051, 2002.
[123] M. R. Herbert, G. J. Harris, K. T. Adrien et al., “Abnormal
asymmetry in language association cortex in autism,” Annals of
Neurology, vol. 52, no. 5, pp. 588–596, 2002.
[124] M. R. Herbert, D. A. Ziegler, C. K. Deutsch et al., “Dissociations of cerebral cortex, subcortical and cerebral white matter
volumes in autistic boys,” Brain, vol. 126, no. 5, pp. 1182–1192,
2003.
[125] M. R. Herbert, D. A. Ziegler, N. Makris et al., “Localization
of white matter volume increase in autism and developmental
language disorder,” Annals of Neurology, vol. 55, no. 4, pp.
530–540, 2004.
[126] K. Brodmann, Vergleichende Lokalisationaslehre der Grobhirnrinde in ihren Prinzipien dargestellt auf Grund des Zellenbaues,
Barth J. A., Leipzig, Germany, 1909.
[127] C. von Economo, L’archiecture cellulaire normale de l’ecorce
cerebrale, Masson et Cie, Paris, France, 1927.
[128] I. A. J. van Kooten, S. J. M. C. Palmen, P. von Cappeln et al.,
“Neurons in the fusiform gyrus are fewer and smaller in autism,”
Brain, vol. 131, pp. 987–999, 2008.
[129] D. P. Oswald and N. A. Sonenklar, “Medication use among
children with autism-spectrum disorders,” Journal of Child and
Adolescent Psychopharmacology, vol. 17, no. 3, pp. 348–355,
2007.
[130] G. J. Blatt, C. M. Fitzgerald, J. T. Guptill, A. B. Booker,
T. L. Kemper, and M. L. Bauman, “Density and distribution of hippocampal neurotransmitter receptors in autism: an
autoradiographic study,” Journal of Autism and Developmental
Disorders, vol. 31, no. 6, pp. 537–543, 2001.
[131] J. T. Guptill, A. B. Booker, T. T. Gibbs, T. L. Kemper,
M. L. Bauman, and G. J. Blatt, “[3 H]-�unitrazepam-labeled
benzodiazepine binding sites in the hippocampal formation

Scienti�ca

[132]
[133]
[134]

[135]

[136]

in autism: a multiple concentration autoradiographic study,”
Journal of Autism and Developmental Disorders, vol. 37, no. 5,
pp. 911–920, 2007.
F. Marrosu, G. Marrosu, M. G. Rachel, and G. Biggio, “Paradoxical reactions elicited by diazepam in children with classic
autism,” Functional Neurology, vol. 2, no. 3, pp. 355–361, 1987.
J. H. van der Walt and C. Moran, “An audit of perioperative
management of autistic children,” Paediatric Anaesthesia, vol.
11, no. 4, pp. 401–408, 2001.
L. M. Oberman, “mGluR antagonists and GABA agonists
as novel pharmacological agents for the treatment of autism
spectrum disorders,” Expert Opinion on Investigational Drugs,
vol. 21, pp. 1819–1825, 2012.
G. J. Blatt, A. P. Piras, and J.-J. Soghomonian, “Increased
mGluR1 mRNA subunit levels in Purkinje cells in the Crus II
cerebellar hemisphere but not in vermis in autism: an in situ
hybridization histochemical study,” in International Meeting for
Autism Researchers (IMFAR ’13), May 2013.
B. H. King, E. Hollander, L. Sikich et al., “Lack of eﬃcacy of
citalopram in children with autism spectrum disorders and high
levels of repetitive behavior: citalopram ineﬀective in children
with autism,” Archives of General Psychiatry, vol. 66, no. 6, pp.
583–590, 2009.

MEDIATORS
of

INFLAMMATION

The Scientific
World Journal
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Gastroenterology
Research and Practice
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Journal of

Hindawi Publishing Corporation
http://www.hindawi.com

Diabetes Research
Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

International Journal of

Journal of

Endocrinology

Immunology Research
Hindawi Publishing Corporation
http://www.hindawi.com

Disease Markers

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Volume 2014

Submit your manuscripts at
http://www.hindawi.com
BioMed
Research International

PPAR Research
Hindawi Publishing Corporation
http://www.hindawi.com

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Volume 2014

Journal of

Obesity

Journal of

Ophthalmology
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Evidence-Based
Complementary and
Alternative Medicine

Stem Cells
International
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Journal of

Oncology
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Parkinson’s
Disease

Computational and
Mathematical Methods
in Medicine
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

AIDS

Behavioural
Neurology
Hindawi Publishing Corporation
http://www.hindawi.com

Research and Treatment
Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Oxidative Medicine and
Cellular Longevity
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

