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Neuropathology: the study of diseases of nervous system tissue, usually 
in the form of either small surgical biopsies or whole autopsy brains. 

In 1884, Mental Hospital were still referred as 
Lunatic Asylums 

 
From lunaticus meaning of the moon or 

moonstruck. 

J.A.N. Corsellis 
(1915-1994) 

“…when psychiatry stood back from neuropathology it 
allowed for the recruitment of other disciplines, such 
as psychoanalysis, in order to better understand 
mental illnesses.” 

Wilhelm Griesinger 
(1817-1868) 

•  “Mental diseases are brain diseases.” 

•  Unfortunately, even in Germany, early 
researchers had to waddle their way through 
confusing terminology and classification 
schemes. Published articles variously referred 
to autism as childhood psychosis, dementia 
praecoccisima, dementia infantilis, or 
childhood schizophrenia.  

Karl Popper (1902-1994) 

Autism is a severe pervasive 
developmental disorder of 
childhood characterized by: 
Ø Disturbances of social 
interaction 
Ø A delay or failure to acquire 
verbal and non-verbal 
communicative skills, and 
Ø Restricted and/or stereotyped 
patterns of interests, activities, 
and behaviors. 

Coronal Section through the Human Brain 
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Purkinje Cell Counts 

Boy with no CNS 
pathology 

Autistic boy 

. 

Ritvo et al., Am J Psychiatry, 1986 

Hippocampus: Acute Infarct 

•  Note eosinophilic 
neurons (coagulation 
necrosis) 

Orientation Preference of Columns 

Proposed emergent properties: 
Thresholding, amplification, 
derivative functions, feature 
convergence, distribution functions, 
coincidence detection, pattern 
generation, etc. 
—Mountcastle, 1998 

Gyri and Minicolumns 

Apical Dendrites 

A high-power electromicrograph of 
a horizontal section taken at the 
level of layer IV.  The apical 
dendrites in the clusters have 
been colored red and the 
myelinated axons blue.  
 Peters & Sethares, J Comp Neurol, 1996 

Arrangement of Neurons and Their 
Processes within Cortical Modules 

Prieto, 2011 Peters & Sethares, J Comp Neurol, 1996 
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Compartments of the Minicolumn 

Skoglund et al., Neurosci Res, 2004 Casanova et al., J Neurosci Methods, 2008 

Correspondence of Myelinated Bundles 
and Pyramidal Cell Arrays 

Correspondence of Myelinated Bundles 
and Pyramidal Cell Arrays 

Casanova et al., Neuroscientist, 2003 Szentágothai & Arbib, Neurosci Res Program Bull, 1974 

Minicolumn Method      GLI Method 

Casanova et al., Neurology, 2002 Casanova et al., J Child Neurol, 2002 

Rett Syndrome 

Casanova et al., Clin Neuropathol, 2003 
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Clinical and Macroscopic Correlates of
Minicolumnar Pathology in Autism

ABSTRACT

All subcortical arrangements are primarily nuclear in type. The cor-
tex has been the first part of the brain to evolve a radial and lam-
inar arrangement of cells. The resultant modular arrangement is
based on the cell minicolumn: a self-contained ecosystem of con-

nectivity linking afferent, efferent, and inerneuronal connections.
Recently, the cell minicolumn has been found to be abnormal in
patients with autism. This article relates different aspects of the
cell minicolumn and larger-scale neuronal assemblies to potential
research techniques and their application to clinical practice. (J
Child Neurol 2002;17:692-695).

Within the neurosciences, researchers link anatomy to function (eg,
an infarct of the corticospinal tract and contralateral hemipare-
sis/hemiplegia). However, considerations of cognition and behav-
ior dilute the significance of this approach. Because pinpoint
neuroanatomic localization for these domains is difficult, research
usually emphasizes large-scale neuronal networks. It is less well
known that smaller and smaller units of circuitry compose these
networks themselves, giving rise to a modular organization of the
brain.

Because microscopic anatomic evidence of cortical modules
in humans is necessarily postmortem or surgical, it cannot give
direct information regarding cognitive or behavioral functions.
While focusing on autism, we relate aspects of the modular orga-
nization of the brain (large-scale networks) to potential research
techniques and their application to clinical practice (eg, magnetic
resonance imaging [MRI], electroencephalography [EEG], functional

MRI, and therapeutic trials).
Recently, our group has described abnormalities in the mini-

columnar organization of the brains of autistic individual. We
found significant differences in the horizontal space that sepa-
rates cell columns and in their internal structure, that is, in the rel-
ative dispersion of cells. We reproduced the results while employing
a different technique, the Gray Level Index method, and applied it
equally to all of the Brodmann’s areas examined (9, 21, 22) in both
hemispheres.2

Abnormalities in the modular organization of the brain are not

unique to autism but appear in other pervasive developmental dis-
orders of childhood, primarily Asperger’s syndrome.3 These find-
ings distance themselves from classic neuropathology by
emphasizing abnormalities in cell assemblies rather than single-cell
pathology (eg, cell loss, homogenization of cytoplasm, etc).

Minicolumns are composites of 80 to 100 neurons arranged
radially like pearls on a string. Forty to 80 minicolumns make up
a segregate or macrocolumn. Both the number of minicolumns and
its constituent cells appear to be defined during gestation.4 Mini-
columns provide the basic unit of circuitry within the brain by tying
together interacting afferent, interneuronal, and efferent connec-
tions. Not surprisingly, abnormalities of this cell assembly specify
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Macroscopic Correlates of a Putative Minicolumnopathy 

Casanova, Ann Neurol 2004 Casanova, J Child Neurol, 2002 
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Spatial Statistics: Neuronal Size (Area) 

24 year old, autistic male 
Ā = 89.1 µm2 

25 year old, normal male 
Ā = 123.2 µm2 

White Matter Abnormalities in Autism 

Clockwise from upper 
left: 
•  Gray-white segmentation 
•  Initial division of white 
matter into outer and inner 
zones 
•  Parcellation of radiate 
(R) compartment 
•  Parcellation of sagittal 
and bridging (S/B) 
systems compartments. 

Source: Herbert et al. Ann. neurol. 
2004;55:530-540 

Ratio of Long to Short Fibers 

Casanova et al., JADD, 2009 Dombroski et al., Transl Neurosci, 2011 

Brain volume 

Gyral opening 

Minicolumn width 

Arcuate fibers 

Corpus callosum 

Prism Lenses 
Difference wave shows higher amplitude in ambient lenses condition 

Heart rate differences in prism/no prism conditions during high and low intensity episodes of The Lion King 

Posner cueing task 

Minicolumns in Autism 

Casanova et al., Neurology, 2002 
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Casanova, Brain Pathology 2008 

Minicolumnar Width by Lamina in 
Autism and Controls Minicolumnar Variability 
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Abstract

 

Radially oriented ensembles of neurons and their projections, termed minicolumns, are hypothesized to be the
basic microcircuit of mammalian cerebral cortex. Minicolumns can be divided into a core and a peripheral neuropil
space compartment. The core of minicolumns is constrained by the migratory path of pyramidal cells and their
attendant radially oriented projections. Variation in minicolumnar morphometry and density is observed both
within and across species. Using a scale-independent measure of variability in minicolumnar width (

 

V

 

CW

 

), we
demonstrated a significant increase in 

 

V

 

CW

 

 in layers III–V of striate cortex in humans relative to macaques and
chimpanzees. Despite changes in minicolumnar width (

 

CW

 

) across species, their core space (

 

w

 

) remained the
same. Given that cellular elements and processes within the peripheral neuropil space of minicolumns are derived
from assorted sources, cross-species differences in VCW may result from genetic and epigenetic influences acting
primarily on this compartment of the minicolumn.
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chimpanzee; human; macaque; minicolumn; primate; striate cortex.

 

Introduction

 

Radially oriented columns of pyramidal cells are a pervasive
element of the neocortex in a wide range of mammalian
species and are an especially salient feature of the primate
brain. Pyramidal cell columns together with their aligned
myelinated axons, apical dendritic bundles, and interneurons
are associated in a stereotypical manner (DeFelipe et al. 1990;
Peters & Sethares, 1991b, 1996, 1997; del Río & DeFelipe,
1997). Together these elements are hypothesized to be
the key elements of a canonical cortical microcircuit, or
minicolumn (Mountcastle, 1997; Buxhoeveden & Casanova,
2002).

Previous studies by our group and others (see DeFelipe,
2005) have established that stereotypical minicolumnar
cytoarchitecture and morphometry is evident within brains,
between individuals, and across species. Further, no significant
changes in morphometry are observed at successive stages
of human fetal and postnatal development to maturity
(Casanova et al. 2007a). Minicolumns are most salient in the
primate neocortex, and recent reports (Zilles & Rehkämper,

1988; Zilles & Schleicher, 1993; DeFelipe et al. 2002; Reisin
& Colombo, 2002; Colombo et al. 2004; Ballesteros-Yáñez
et al. 2005) suggested species-specific differences among
primates with respect to cellular composition and morphology.
Further, distributions of cellular elements characteristic of
different primate species have been identified, notably
periodic distribution of radially oriented vellate astrocytes
and double-bouquet interneurons in primate visual cortex.
These cellular elements are rare or absent in other mammalian
species.

We sought to extend earlier studies of minicolumnar
morphometry using a previously validated semi-automated
imaging algorithm to assess minicolumnar width (

 

CW

 

) and
its variability (

 

V

 

CW

 

) as proxy measurements of cellular and
morphological differences among primate species. We
hypothesize that specialization of cortical circuits during
primate brain evolution resulted in minicolumnar hetero-
geneity, which would be associated with increased variability
of minicolumnar width (cf. Rakic, 1988 for the variability
of ontogenetic minicolumns). In this study we used a
semi-automated imaging method (Casanova & Switala,
2005) to evaluate both 

 

CW

 

 and 

 

V

 

CW

 

 of Nissl-stained
pyramidal cell columns in layers III–V of primary visual
cortex in macaques, chimpanzees, and humans. Although
a columnar cytoarchitecture is not readily apparent in
the striate cortex, this area has been the subject of a
substantial number of comparative studies which provide
a basis for interpretation of our morphometric data.
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Casanova, Journal of Anatomy, 2009 

Shower Curtain of Inhibition 

Szentágothai & Arbib, Neurosci Res Program Bull, 1974 
Casanova, Handbook of Autism, 2012 
Sarnat, 2006 

A Locus Minoris Resistentiae 

Rakic, Cereb Cortex, 2003  

Pyramidal Cells and Interneurons       Triple-hit Hypothesis 

Yokota et al., PLoS One, 2007 Casanova, Brain Pathol, 2007 

Atypical Lateral Connectivity: a Neural Basis for 
Altered Visuo-Spatial Processing in Autism 

•  Luc Keita, Laurent Mottron, 
Michelle Dawson, and Armando 
Bertone 

•  Used a lateral masking paradigm 
to assess the functional integrity 
of lateral interactions mediating 
visuo-spatial processing within 
early visual areas in autism. 

•  There is altered lateral 
connectivity differentially 
affecting perception at the 
earliest levels of feature 
extraction. 

Keita, Biol Psy, 2011 
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Inhibitory Deficit in Autism 

Casanova, Neuroscientist, 2006 

Information (Neuronal Activity) and Background 

Inhibitory Surround of Minicolumns “Vertical Stream of Inhibition” Provided by the 
Axon Bundles of Double-bouquet Cells 

Changes after rTMS 

Before rTMS participants with ASD 
showed large responses over the 
frontal cortices to all three stimuli 
with evidence of a lack of stimulus 
differentiation. 

Induced Gamma Frequency Oscillations 
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