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Abstract

MORPHOLOGICAL CHANGES IN SCHIZOPHRENIA: FACT OR NEUROLEPTIC
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by Latchman Somenarain

Chairperson of the Supervisory Committee: Lied B. Jones
Department of Biological Sciences

ABSTRACT
There are converging lines of evidence suggesting significant morphological changes in
the prefrontal cortex in schizophrenia. There are consistent findings of increased neuronal
density without a concomitant change in the total number of neurons, suggesting possible
changes in the cortical neuropil. A contentious issue surrounding these findings in the
prefrontal cortex is the confounding effects of neuroleptic exposure. Neuroleptics are
known to cause changes in the ultrastructure and synaptic elements in the cortical neuropil
and as such might confound the reported alterations in schizophrenia. This study
employed MAP2 and Neurogranin Immunohistochemistry, Nissl staining and Golgi
impregnation to analyze the pyramidal cells and their structures in layer Ill and V in areas
9 and 17 in a cohort of Huntington’s brains and compared changes to that observed in
subjects with schizophrenia and in controls. Both MAP2 and Neurogranin area fraction
analysis in both layer Il and V in area 9 showed a significant decrease in Schizophrenic
brains compared to controls and Huntington brains. In the Huntington’s brains, MAP2 area
fraction was lower than the control brains but not different in layer Ill; similarly, the
Neurogranin area fraction was not different from controls in both layers. The cell density
measurements for both pyramidal cells and total neuronal cells showed no significant
differences comparing Huntington, schizophrenia and controls in both layers. There was a

schizophrenia-associated decrease in basal dendrites and spines in both layers Il and V



v

in area 9 and no significant difference in Huntington’s brains compared to controls. There
were no significant changes seen in Area 17 for all of the parameters measured in the
three groups. The data support the hypothesis suggesting that antipsychotic medication
might not be responsible for the neuroanatomical changes observed in the neuropil of the
prefrontal cortex in schizophrenia. Furthermore, these observations provide additional

insightful information for both schizophrenia and Huntington Chorea.
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CHAPTER 1

Introduction

The term schizophrenia, literally means a fragmenting of the mind, was coined by
the Swiss psychiatrist Bleuler in 1911. Previous to Bleuler's nomenclature, Kraeplin in
1898 named the illness “dementia praecox” where he emphasized the fragmentation of
the mind as the fundamental abnormality of the disease. Thus, both Kraeplin and Bleuler
were credited as ‘founding fathers’ of the disease. At the clinical level, schizophrenia is
characterized by an array of psychological dysfunction with a multiplicity of symptoms that
reflect several mental processes, e.g. language, emotion, reasoning, motor activity and
perception (For review see Andreasen 2000). There are three classes of symptoms in
schizophrenia: positive, negative, and cognitive symptoms. The positive symptoms are
characterized by hallucinations, or abnormalities in perception; delusions, having false
beliefs of control or danger; disorganized speech, or abnormalities in language and
disorganized behavior, or abnormalities in behavioral monitoring and control. The negative
symptoms are characterized by disturbances of mental functions such as: alogia, a
decrease in the fluency of thought and speech; affect blunting, a decrease in the ability to
express emotions; avolition, a decrease in the ability to initiate goal-directed behavior; and
anhedonia, a decrease in the ability to seek out and experience pleasurable activities.
Positive symptoms represent an excess or distortion of normal function; whereas, negative
symptoms represent a loss of normal function. The cognitive symptoms are characterized
as disturbances in basic cognitive functions, such as attention, executive functions and
specific forms of memory, particularly working memory (For review see Andreasen 2000).
These various symptoms are expressed in patients with schizophrenia in patterns where

there may be no overlap.



Several neuroimaging studies attempted to show a relationship between
neuroanatomy and neurofunctioning in schizophrenia. Liddle et al., (1992) using positron
emission tomography (PET) showed increased cerebral blood flow in the left
mesiotemporal structures in patients with hallucinations and delusions as well as
increased flow in the right anterior cingulate cortex, left superior temporal gyrus and
dorsomedial thalamus. On the other hand, a decreased blood flow was seen in the left
prefrontal and parietal cortex in patients exhibiting negative symptoms of psychomotor
poverty. Additionally, several PET studies have linked hypofrontality of the frontal lobe with
increased negative symptoms in schizophrenics (Volkow et al., 1987; Andreasen et al.,
1992, 1994; Wolkin et al., 1992; Schroder et al., 1995). Similarly, Taminga et al., (1992)
showed decreased cerebral metabolism in frontal and parietal cortex as well as thalamic
areas associated with the severity of negative symptoms. It was suggested that negative
and cognitive symptoms like volition and planning are associated with prefrontal lobe
dysfunction and may be related to increased neuronal density (Selemon et al., 1998).
However, relating the symptoms of schizophrenia to anatomical areas of the brain is a
very difficult and complex task. There is some consensus among researchers that the
dysfunctions are in brain circuitry (Andreasen et al., 1997) rather than in a few localized
brain areas (See Figure 1.1). There are several consistent reports relating to the
epidemiology of schizophrenia (Black el al., 1999). These include the following: a 1%
lifetime prevalence of the disorder throughout the world; the onset of the disease is in
young adult life; males are more frequently and severely affected; the illness tends to run
in families; and despite the fact that most schizophrenics do not marry or have children,
the disease persists in the human population. An array of etiological factors with both
genetic and non-genetic influences has been implicated in the illness (Andreasen, 2000).

They range from genes coded within DNA to exposure to toxins or drugs, viruses and



other pathogens, injuries to the brain during or after delivery, nutrition, and psychological

experiences from exposure to stress.
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Figure 1.1: Diagram showing the interconnections between the prefrontal cortex and other
affected areas in schizophrenia.

Neuropathological research in schizophrenia has progressed significantly within
the last three decades; however, the central etiological mechanisms of this debilitating
disease remain a mystery. The first significant report was by Johnstone et al., (1976);
using computed tomographic (CT) scans which reported dilation of the lateral ventricles in

a small group of chronic schizophrenic patients. Following this study, numerous more



sophisticated neuroimaging studies using techniques such as magnetic resonance
imaging (MRI) and positron emission tomography (PET) scans, consistently showed
ventricular enlargement, sulcal widening and cortical atrophy in schizophrenia (Reveley et
al., 1982; Andreasen et al., 1988, 1990, 1994; Lawrie and Abukmeil 1998; Van Horn and
McManus 1992). Lateral ventricle studies showed a 20-75% increase in the ventricular to
brain ratio (Daniel et al., 1991; Van Horn and McManus 1992) and a median 40% increase
in volume using MRI (Lawrie and Abukmeil, 1998). Additionally, some of these volumetric
studies also showed an 8% decrease in the overall temporal lobe and 4-12 % decrease in
volume of medial temporal structures, such as the hippocampus, parahippocampus and
amygdala (Lawrie and Abukmeil 1998). Of significant importance are imaging studies of
monozygotic twins discordant for schizophrenia. In all pairs studied the affected twin had
the larger ventricles (Reveley et al., 1982; Suddath et al., 1990) and smaller cortical and
hippocampal size (Noga et al., 1996). These studies were supported by data from family
studies, which showed that the affected relatives had larger ventricles and smaller brain

volume (Honer et al., 1994; Sharma et al., 1998; Silverman et al., 1998).

The frontal lobe, an area that has been shown to be involved in schizophrenia
given the symptomatic and functional evidence implicating this area, showed an overall
median volume reduction of about 5% ( For a review see Harrison and Roberts, 2000).
Buchanan et al., (1998), in an effort to identify reductions in specific subregions of the
frontal lobe, found a 13% decrease in the inferior prefrontal grey matter compared with an
average 5% decrease in other frontal regions. MRI studies of subcortical structures
showed small decreases in the thalamic volume of schizophrenics (Andreasen et al.,
1994; Buchsbaum et al., 1996; Byne et al., 2001, 2002; Jones 1997; Popken et al., 2000;
Young et al., 2000; Brickman et al., 2004). Basal ganglia imaging studies of the caudate,

putamen and globus pallidus showed no clear picture regarding size differences in



schizophrenia. However, there seems to be some correlation with volume increases and

neuroleptic drugs exposure (For a review see Harrison and Roberts 2000).

Structural imaging findings and macroscopic changes in the brain provided the
impetus for more stereomorphometric and immunocytochemical investigations of the
cytoarchitecture of cortical and subcortical structures of post-mortem brains. These types
of studies can probe the microscopic and molecular features of the areas implicated by the

neuroimaging studies. One particular area of major interest has been the prefrontal cortex.

Prefrontal Cortex

The prefrontal cortex (PFC) is located in the frontal lobe (See Figure 1.2). It is
rostral to premotor and primary motor areas. The PFC is the prominent cortical projection
of the medial dorsal (MD) nucleus of the thalamus (Uylings et al., 1990). It also receives
reciprocal connections from areas of the diencephalon, mesencephalon and limbic system
as well as cortical afferents of visual, auditory and somatic origin. It is one of several
association areas in the brain and is concerned with cognitive behavior and motor
planning.

The prefrontal cortex can be divided into several subregions; however, there are
two main regions: the prefrontal association cortex proper, located on the dorsolateral
surface of the frontal lobes, and the orbitofrontal cortex, located on the medial and ventral
portions of the frontal lobe (Leonard 1972). In primates, the mid-dorsolateral PFC is
targeted as a locus for working memory processes, and it encompasses the region within
and above the principal sulcus (Broadmann'’s areas 46 and 9).

In recent years, many studies have focused on the prefrontal cortex as a site of
perturbation in schizophrenia (Benes et al., 1991; Shapiro, 1993; Davis and Lewis, 1995;

Perone-Bizzozero et al, 1996; Beasley et al., 1997; Glantz and Lewis, 1997, Honer et al,



1997; Garey et al, 1998; Thompson et al, 1998; for review, see Harrison, 1999; Selemon
and Goldman-Rakic, 1999; Kalus et al, 2000; Lewis et al, 2001; Pierri et al, 2001;
Broadbelt et al, 2002; Buxhoeveden et al, Jones et al, 2002; Kindermann et al., 2004).
Functionally, the prefrontal cortex is involved with attention, memory, orderly thinking and
planning (Goldberg 1995), cognitive functions which have been shown to be impaired in
schizophrenia and patients with damage to the prefrontal cortex (Weinberger et al., 1988).
Studies of identical twins discordant for schizophrenia showed decreased blood flow in the
prefrontal cortex of the affected twin while they were asked to perform the Wisconsin Card
Sort Test, a measurement of set-switching ability (Weinberger et al., 1992). Additionally,
patients with frontal lobe lesions show cognitive abnormalities similar to those seen in
schizophrenia (Levin 1984; Weinberger et al., 1994). Both groups are similarly impaired on
the Continuous Performance Task (Buchsbaum et al., 1990); on tests of categorization
and flexibility, such as the Wisconsin Card Sort Test (Weinberger et al., 1986), the Stroop
Test, a color naming task as a paradigmatic measure of selective/controlled attention
(Schooler et al., 1997), and the Tower of London task, which measure planning ability
(Shallice 1982).

Much evidence points specifically to the dorsolateral prefrontal cortex (DLPFC) as
a site for dysfunction in schizophrenia (Weinberger et al., 1986; Buchsbaum et al., 1990;
Benes 1991; Lewis 1993; Pakkenberg 1993; Goldman-Rakic and Selemon 1995, 1997;
Harrison 1999; Andreasen 2000; Thune et al., 2001; Jones et al., 2002; Broadbelt et al.,
2002; Eastwood and Harrison 2005). Schizophrenics perform poorly on tasks that require
the use of working memory (Baddeley 1986). The intricate nature of working memory was
first identified in studies of human cognition (e.g., Norman 1970, Baddeley 1986). Working
memory is active and relevant for a few short seconds. For example a newly read phone

number is stored until it is dialed and after it is immediately forgotten.



Much evidence has demonstrated that the prefrontal cortex has a preeminent role
in working memory (For a review see Goldman-Rakic 1995). Morphological post-mortem
studies in the DLPFC in schizophrenia showed an increase in neuronal density (Benes et
al., 1991; Selemon et al., 1995) without a change in the number of neurons (Pakkenberg
1993; Thune et al., 2001). Both Benes et al.,, (1991) and Selemon et al., (1995)
hypothesized that increases in neuronal density without a change in the number of
neurons would imply a change in the DLPFC neuropil, which includes the axon terminals,
dendrites and dendritic spines that are the site for most cortical synapses. This was
corroborated by several studies that showed a decrease in the synapse-associated protein
synaptophysin (Karson et al., 1996; Perrone-Bizzozero et al. 1996; Glantz and Lewis
1997). A study by Buxhoeveden et al., (2000) reported reduced neuropil space in area 9 of
schizophrenics. There are consistent findings of reduced spine density in layer Il
pyramidal neurons of the temporal cortex, BA 22 and 38, and frontal cortex, BA 10 and 46
(Garey et al., 1993, 1998; Glantz and Lewis 2000) in schizophrenia. Spine density is a
marker of the number of excitatory inputs to pyramidal neurons (Mates and Lund 1983).
Glutamate and dopamine afferents terminate on dendritic spines whereas, inhibitory
GABA terminals are often found on dendritic shafts and cell bodies (Levitt et al., 1993).
Moreover, several hypotheses implicate one or more of these neurotransmitter systems in
the pathophysiology of schizophrenia (Weickert et al., 1998; Haroutunian et al., 2003;
Bergson et al., 2003). Layer Il pyramidal neurons are the corticocortical projections (Lund
et al., 1975); they play a critical role in information processing such as working memory.
Layer V pyramidal neurons are the main projection cells from the cortex to other
subcortical and cortical areas (Lewis 1997); therefore, changes in information in one
cortical area could affect many brain regions. Understanding the significance of these
alterations requires an understanding of which elements of the DLPFC circuitry are

disturbed.



Functional maturation of the DLPFC circuitry in monkeys and humans seems to be
uniquely protracted. It does not become functionally mature until after puberty (for a review
see Lewis 1997). Human PET studies by Chugani et al., (1987) showed cerebral blood
flow in the frontal cortex does not reach adult levels until 15 to 19 years of age. This
seems to correspond with the appearance of clinical symptoms during late adolescence in
schizophrenia. Additionally, adult levels of performance on some cognitive tasks, like
delayed-response tasks, subserved by the DLPFC are not achieved until after puberty in
both monkeys and humans (Fuster 1989). The pyramidal neurons, are the primary
cortical projection neurons, are of major interest in this regard. Their axon collaterals
extend for considerable distances horizontally through the gray matter and give rise to
clusters of axon terminals in the superficial layers, which are organized as a series of
stripes 2 um wide and 1.8 mm long (Levitt et al 1993). There are reciprocal connections
among these stripes and over 90% of the synapses furnished by these collaterals target
the dendritic spines of other pyramidal cells (Metchitzky et al., 1995). It was suggested that
these connections could provide the substrate for a reverberating cortical circuit that
coordinates and maintains the activity of spatially segregated, but functionally-related
populations of DLPFC pyramidal neurons during the delay phase of the delayed-response
task (Lewis and Anderson 1995)

Very few studies have examined the morphology of pyramidal cells in the
prefrontal cortex. As mentioned above, two studies showed a decrease in soma size and
others decreased spine density in schizophrenia (Garey et al., 1993, 1998; Glantz and
Lewis 2000). Soma size is directly proportional to dendritic and axonal arborization (van
Ooyan et al., 1995; van Pelt et al., 1996); therefore, a decrease in soma size, as seen in
schizophrenics, might lead to decreases in dendritic arborization. The studies on spine
density, Garey et al., (1998), examined the prefrontal cortex in general and not specific

brain areas whereas, Glantz and Lewis (2000) examined areas 46 and 17. Recently,



prefrontal cortical studies of pyramidal cells by Jones et al., (2002) showed a decrease in
microtubule associated protein 2 (MAP2), a protein found in dendrites and cell bodies, in
layers 1ll and V of areas 9 and 32 of the prefrontal cortex in schizophrenia. In a second
study they reported decreases in the primary and secondary basilar dendrites in area 32 of
the prefrontal cortex (Broadbelt et al., 2002). More recently, they reported decreases in
neurogranin, a protein found in dendrites and spines (paper submitted).

A major issue surrounding these morphological deficits in the prefrontal cortex is
whether they are disease specific or are effects of chronic neuroleptic drug exposure.
Neuroleptic drugs are known to cause changes in volume and the synaptic ultrastructure
in the brain (Benes et al., 1985, Klinzova et al., 1989, Meshul et al., 1992, Dorph-Petersen
et al., 2005). They have the ability to bind to neurotransmitter receptors, such as dopamine
(D,-Ds) serotonin (Harrison 1999), which are coupled to second messengers that regulate
the activity of kinases and phosphatases. These enzymes have the ability to
phosphorylate protein such as MAP2; phosphorylation of MAP2 affects microtubule
polymerization and as such cytoskeletal stability (Lidow et al., 2001). It is possible this
could have major effects on processes of the cell such as dendrites, spines and synapses
(Lidow et al., 2001). All of the studies mentioned above, that report deficits in the DLPFC,
were performed on tissue from schizophrenics treated with neuroleptics. Controlling for
neuroleptic exposure has been a frustrating issue for researchers since all schizophrenics

take neuroleptics.



10

mMeadial surlace Sy i

Figure 1.2: Broadmann’s map of the brain showing areas 9 and 17 both from the lateral
and medial surfaces of the brain (Fitzgerald MJT, 2002. Clinical Neuroanatomy. p244)
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Neuropathological effects of antipsychotic drugs

Since their introduction in 1959, neuroleptic drugs have been used extensively in
the treatment of schizophrenia and other neuropsychiatric diseases, such as bipolar
disease, depression and schizoaffective disease (Harrison et al., 2000). Almost all of the
patients in recent neuropathological studies in schizophrenia have received neuroleptic
medication. In recent years a battery of treatments have become available that treat the
symptoms of schizophrenia and attempt to improve the quality of life of patients. The
conventional or older typical antipsychotic medication (phentothiazines, butyrophenones,
and thioxanthenes) e.g., chlorpromazine, haloperidol, fluphenazine and molindone, are
used to reduce the positive symptoms of schizophrenia and have a strong affinity for
dopamine and serotonin receptors (Hirsch and Weinberger 2003). The recently developed
medications e.g., clozapine, risperidone, olanzapine, quetiapine and sertindole, are more
effective against the negative symptoms of schizophrenia (Hirsch and Weinberger 2003).
The newer medications, often called atypical because they have a different mechanism of
action than the older medications, show fewer side effects, and are effective against
treatment-resistant patients. The therapeutic effects of the major neuroleptics be it typical

or atypical, are based on their ability to bind neurotransmitter receptors (Harrison 1999a).

There are five classes of dopamine receptors D;-Ds; all are seven transmembrane
domain G protein-coupled receptors linked to adenyl cyclase (Harrison 1999a). The
serotonin 5-HT receptors are divided in seven branches 5-HTi7. The 5-HT; is an ion
channel and all the others are coupled to G proteins linked to adenyl cyclase or the
phosphor-inositol system. The 5-HT,, is of particular relevance in schizophrenia because
of it affinity for atypical neuroleptics (Harrison 1999a). D, blockade has been central to the
antipsychotic activity of typical neuroleptics. The atypical neuroleptics such as clozapine

bind to D,, D5, D, and D5 as well as 5-HT,, and all of the noradrenergic receptors; however,
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D4 shows the strongest affinity (Harrison 1999a). Recently, the D4 and 5-HT ., receptors
are of particular importance in schizophrenia due to their binding mechanisms with atypical
neuroleptics. The exact mechanisms of how these interactions operate are still under

investigation.

Although they are treasured for their therapeutic significance, neuroleptics have
been shown to produce structural brain changes in areas such as the striatum, where they
have been shown to cause increases in the number of symmetric and axodendritic
synapses relative to asymmetric and axospinous synapses (Benes et al., 1985, Klinzova
et al., 1989, Meshul et al.,, 1992). This suggests that antipsychotic favors inhibitory
synapses, since asymmetric and axospinous synapses are mostly glutamatergic and as
such excitatory (Benes et al., 1985). Some reports suggest a correlation of antipsychotic
dosage and increased brain atrophy (Madsen et al., 1998) and decreased thalamic
volume (Gur et al., 1998). These macroscopic studies suggest that neuroleptic exposure is
a potential confounding variable. Several studies have suggested that long-term treatment
with antipsychotics might cause the morphological changes observed in schizophrenia
(Benes et al., 1985; Klinzova et al., 1989; Meshul et al., 1992). Although these studies
were done in rodents with normal brains, together the data provide good evidence that
chronic antipsychotic treatment induces synaptic plasticity and alters the synaptic

ultrastructure.

Recently, a study on rhesus monkeys demonstrated long-term haloperidol
exposure can increase phosphorylation of MAP2 and downregulate spinophilin, a dendritic
spine associated protein (Lidow et al., 2001). This is different from what is shown for
MAP2 in schizophrenia; therefore, animal studies may not be the best indicator of
neuroleptic effect. Additionally, animal studies are based on normal neural networks so the

neuroleptic drugs may not have the same effect on altered neural networks.
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Because antipsychotic drugs can affect many neurotransmitter systems (Harrison
et al., 2000), they have the ability to regulate the activity of kinases and phosphatases via
second messengers (Lidow et al., 2001). These enzymes regulate phosphorylation states
of many proteins, one such is MAP2 (Diaz-Nido et al., 1990). MAP2 is found in dendrites
and cell bodies and is an important protein involved in the formation and stabilization of
microtubules (Matus 1988). Phosphorylation of MAP2 can destabilize dendritic
microtubules because it is a sensitive cross-linker and adjustable spacer in the
polymerization of tubulin in microtubules, and as such the cytoskeletal processes of the

cell (Boyne et al., 1995).

In order to correctly interpret the morphological data it is important to know what
alterations are due to neuroleptics and which are not. A comparison of drug-naive and
treated subjects in contemporary postmortem studies is not feasible since nearly all
patients with schizophrenia use neuroleptics. The use of animals to study the effects of
antipsychotics has some attraction; however, there are problems when extrapolating
results between species. First, the cerebral cortex in animals and humans vary in terms of
size and the distribution of neurotransmitter receptors. For example, rodent’'s cerebrum is
a thousand times smaller than humans (Harrison et al., 2000). Secondly, there are marked
differences in organization of the PFC. For example, in primate PFC there is a distinct
layer IV which is absent in rat (Harrison et al., 2000). Lastly, rodents metabolize
antipsychotics differently than humans, and might respond neuropathologically in different
ways; maoreover, animal brains are normal (Harrison et al., 2000). Thus, researchers have
devised other means to control for neuroleptic exposure. The use of a non-schizophrenic
group treated with antipsychotics, such as bipolar disease, schizoaffective and depression
often produced mixed results (Harrison et al., 2000). This may be attributed to the fact that

a significant number of patients who were first diagnosed as schizoaffective or for
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depression are later diagnosed with schizophrenia, which suggest that they share intrinsic
pathological features with schizophrenia (Harrison et al., 2000). Therefore, it is
foreseeable why when used as controls for neuroleptic exposure the results are

overlapping.

This study used a cohort of Huntington Chorea brains to determine if neuroleptic
drugs can cause morphological changes in the brain and confound the results reported in
schizophrenia. Although there are reports of cortical changes in Huntington Chorea
(Harrison et al., 2000), the main deficit is a loss of neurons in the striatum (Harrison et al.,
2000). Huntington's patients experience some psychiatric symptoms, like hallucinations
and delusions, similarly to schizophrenics; therefore, many are given neuroleptic drugs to
control those symptoms. A comparison of schizophrenic and Huntington Chorea will be a
more meaningful assessment in determining if neuroleptic drugs could be responsible for

some of the morphological changes reported in schizophrenia.

Huntington Chorea

Huntington’'s disease (HD) is an autosomal dominant neurodegenerative disorder
with midlife onset characterized by motor, cognitive and psychiatric symptoms (For review
see Petersen et al.,, 1999). The first definitive description of the disease was given by
George Huntington in 1872 which has subsequently borne his name. The symptoms of the
disease can be related to its neuropathology, which is characterized by a loss of neuronal
populations in many parts of the brain (For review see Petersen et al., 1999). The most
striking feature is the loss of y-aminobutyric acid (GABA)ergic medium spiny neurons
expressing D1- and D2-receptors in the neostriatum (Vonsattel et al., 1985). The cause of
loss of this specific population of neurons is still under investigation. Recent evidence

points to a defect in energy metabolism which may lead or contribute to free radical
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formation, excitotoxicity, mitochondrial dysfunction, decreased mitochondrial membrane
potential, a lower threshold for apoptosis, and alterations in the haemodynamic
responsivity of the cerebral vessels (Schapira 1997). This loss of neurons in the striatum
results in an enlargement of the lateral ventricles in Huntington’s brains as well as a
decrease in the cerebral hemispheres, the diencephalon, the cerebellum, the brainstem
and the spinal cord (Forno and Norville 1979). The severity of HD pathology is divided into
five grades (0-4) based mainly on the extent of damage in the striatum (Vonsattel et al.,
1985 and Myers et al., 1988). Grade 0 cases show a strong clinical and familial history
suggesting HD but no detectable histological neuropathology at autopsy. Grade 1 cases
show neuropathological changes microscopically with as much as 50 per cent loss of
striatal neurons but no gross atrophy. In grades 2-4 there are progressively more
pronounced gross atrophy, neuronal loss and gliosis. In the most severe grade 4 cases
more than 90 per cent of the striatal neurons are lost (Vonsattel et al., 1985 and Myers et

al., 1988).

HD strikes all races but occurs with the highest prevalence, about 1 in 10,000
individuals, in populations of Western European ancestry (Petersen et al.,, 1999). The
genetic basis of the disease is due to a mutation of the IT14 gene on chromosome 4
resulting in a CAG trinucleotide expansion. This trinucleotide expansion codes for an
unstable glutamine expansion on the Huntingtin protein that form cytoplasmic and nuclear
aggregations (Huntington's Disease Collaborative Research Group, 1993). These
aggregations, which are cleaved protein fragments, result in neuronal degeneration
primarily in the striatum and cortex (Huntington’s Disease Collaborative Research Group,
1993). As a result, the patients show disturbances in motor functions and experience
psychotic symptoms such as hallucinations and delusions (Petersen et al., 1999).

Huntington’s patients, because they experience psychotic symptoms, take neuroleptic
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drugs similar to schizophrenics. Thus, several studies on schizophrenia have used brains
from Huntington Chorea patients to control for neuroleptic exposure (Pakkenberg B. 1990,
Selemon et al., 1995, Rajkowska et al., 1998). These studies were done in the thalamus
and prefrontal cortex looking for changes in neuronal number, density and size. Taken
together these studies showed no effect of neuroleptic exposure using the Huntington'’s
brains as controls. Long-term exposure to neuroleptics is defined as two years of
continuous use with drug dosages in chlorpromazine equivalents (Gur et al., 1998). Both
schizophrenic and Huntington Chorea patients receive comparable dosages, about 407

chlorpromazine equivalents/day (Gur et al., 1998).

MAP2

MAPs are proteins that promote tubulin capacity to self-associate into microtubule
polymers (Herzog and Weber 1978). Microtubule-associated proteins can also interact
with actin filaments and with components of the intermediate filament proteins thus,
pointing to their functional role in the regulation of the functional organization of the
cytoskeletal network of neurons (For review see Maccioni and Cambiazo 1995). The
family of neuronal MAPs includes high-molecular-mass components, namely MAP-1A,
MAP-1B, MAP-1C, MAP-2A, and MAP-2B; the neuronal MAP-3; MAP-4 is found in both
neuronal and nonneuronal cells; and intermediate-size polypeptides such as tau; and the
small 70-kDa MAP-2C. MAPs have been found to be compartmentalized in neurons, with
MAP1 being widely distributed, while MAP2 is essentially a dendritic protein and tau an
axonal component. The majority of MAPs have a rather widespread distribution among
different cell types and even tissues, but certain MAPs have been found localized in

specific cells and not in others (For review see Maccioni and Cambiazo 1995).
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MAP2 was first described by Murphy and Boresy (1975). It is an abundant protein
in brain tissues which copolymerizes with brain microtubules in vitro and promotes the
polymerization of tubulin. High levels of MAP2 can be found in the somatic and dendritic
compartments, but not axons (Matus and Bernhardt 1986). In dendrites MAP2 is
associated with microtubules and has an active role in the development and maintenance
of dendritic processes by promoting polymerization of tubulin to form microtubules
(Hirokawa et al., 1988). Because of its role in microtubule assembly and its selective
association with dendrites, MAP2 has been implicated as playing a major role in the
molecular mechanisms regulating dendritic growth and stabilization (Matus and Bernhardt
1986). Therefore, assembly and stability of microtubules are regulated by MAP2. MAP2 is
a sensitive cross-linker and adjustable spacer in dendritic architecture. The
phosphorylation state of MAP2 modulates its interaction with microtubules. In low-
phosphorylation states MAP2 binds to microtubules and increases microtubule assembly
and/or stability. Increased phosphorylation decreases these effects (Audesirk et al., 1997).
Hely et al., (2001) proposed a model which suggests that dephosphorylated MAP2 favors
elongation by promoting microtubule polymerization and bundling; whereas, MAP2
phosphorylation which increases microtubule spacing could cause dendritic branching.
This is through the action of CAMKII being activated by elevated calcium concentrations,
which is regulated upstream by calmodulin and neurogranin. Dendritic branching is due to
changes in the cytoskeleton through the interaction of microtubules and actin filaments.
Any factor that can alter microtubule dynamics will affect the dendritic archicecture. The
MAP family of proteins is known to regulate many factors of microtubule dynamics such
as, depolymerization, bundling, spacing, and interaction with actin filaments (for review

see Maccioni and Cambiazo 1995)
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Neurogranin

Neurogranin (RC3), a postsynaptic calpacitin, was first identified in a hybridization
study designed to isolate mRNAs enriched in the rat forebrain but absent in the
cerebellum. As the name indicated, it was rat cortex-enriched cDNA clone number 3
(Watson et al., 1990). Neurogranin was independently purified by Baudier et al., (1991)
from brain based on its affinity for calmodulin (CaM) and as a substrate for protein kinase
C (PKC). Neurogranin is only 78 amino acids long and has sequence similarity to
neuromodulin, a protein associated with axonal growth cone development and maturation
(Baudier et al., 1991). Interestingly, both neurogranin and neuromodulin share a 20 amino
acid sequence, AAAAKIQASFRGHMARKKIK, designated as the 1Q motif (Apel and Storm
1992). This sequence contains a binding domain for CaM and a PKC phosphorylation site
(Baudier et al., 1991). Neurogranin however, is found abundantly in neuronal cell bodies,
dendrites and dendritic spines. In areas such as the frontal parietal cortex, granular cells of
the dentate gyrus, apical dendrites of pyramidal cells of the CA1 and CA3 regions of the
hippocampus, and the striatal cortex (Chicurel et al., 1993, Neuner-Jehle et al., 1996).
Immunoelectron microscopic studies in the cerebral cortex, hippocampus and neostriatum
in rats showed that neurogranin exists in the perinuclear and dendritic cytosol. It
concentrates in dendritic spines in close proximity with postsynaptic densities and
subsynaptic membranes (Watson et al 1992, Neuner-Jehle et al., 1996). Neurogranin is a
PKC substrate that interacts with CaM and both PKC and CaM are required for the
induction of long term potentiation (Gerendasy and Sutcliffe 1997). Much research suggest
that neurogranin might be involved in Ca*/CaM and PKC-dependent cascades that guide
dendritic spine development and remodeling, as well as long-term potentiation (LTP) and
long-term depression (LTD). Gerendasy and Sutcliffe (1997) postulated that neurogranin
regulates Ca”" fluxes in dendritic spines by releasing CaM to bind Ca*. The size and

duration of Ca?* fluxes determine which Ca*-dependent enzymes are stimulated and
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ultimately, which second messenger cascades are activated for LTP or LTD. Enzymes
such as CaM kinase Il and adenylate clyclase favours LTP; whereas, calcineurin and
cyclic nucleotide phosphodiesterase, favor LTD (For review see Gerendasy and Sutcliffe
1997). The binding of calmodulin by neurogranin is abrogated by phosphorylation by PKC,
oxidation by nitric oxide or large concentration of Ca?* (Ho Pak et al., 2000 and Prichard et
al., 1999).

Immunohistochemical studies in rats and mice showed that peak expression of
neurogranin postnatally coincides with developmental periods of rapid dendritic growth
and the formation of 80% of cortical synapses (Alvarez-Bolado et al., 1996, Uylings et al.,
1990). Suggesting therefore, an increase in neurogranin concentration coincides with the
onset of synaptogenesis. The number and size of dendritic spines is mediated by calcium-
dependent mechanisms that are initiated by glutamate receptor-mediated influx of Ca™
ions (Gerendasy and Sutcliffe 1997). Proteins involved in Ca™ signaling, such as
neurogranin, therefore may play a major role in spine morphology and number and as
such cell signaling.

This study will attempt to address the issue of neuroleptic exposure by examining
area 9 of the DLPFC in schizophrenics, Huntington and controls. Area 9 is one area in the
prefrontal cortex that has consistently showed deficits in schizophrenia and is connected
to the MD nucleus of the thalamus implicated in the disease. Ideally, it would be of great
value to compare medicated patients to non medicated patients with schizophrenia.
However, since nearly all patients with schizophrenia take neuroleptics it makes this
impossible. Therefore, we have decided to select a cohort of Huntington Chorea patients
that take neuroleptics similarly to schizophrenics and compare them to cohorts of
schizophrenics and controls. Although, some studies in Huntington Chorea have shown
changes in parts of the cerebrum (Pakkenberg B. 1990, Selemon et al., 1995, Rajkowska

et al., 1998) there are no studies to date that have shown changes in area 9 of the PFC.
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Thus, an analysis can be made by comparing the changes observed in the two groups
with controls. Changes seen in schizophrenia and not in Huntington and control will
suggest that it is disease related and not an effect of neuroleptics. On the other hand,
similar changes seen in both Huntington and schizophrenia compared to controls will
suggest possible effects of neuroleptic exposure. The brains were matched for age, sex
and postmortem interval. The focus of this study are the pyramidal cells in layers Il and V,
since they are the main cells involved in information processing. Measurements of the
pyramidal cells include the following: pyramidal cell density, total neuron density, basal
dendrite and spine counts, and immunocytochemical measurements for two proteins,
MAP2 and neurogranin. These are proteins that contribute to dendritic structure and spine
morphology that our lab have been studying and have been shown to be decreased in this
part of the brain in schizophrenia. Area 17, being the control area for the study, was
analyzed similarly to area 9 for all of the above mentioned parameters. The
neuropathlogical findings in HD and schizophrenia continue to be unveiled and this study
provides additional insightful information about the cytoarchitecture in this part of the brain

in both diseases.
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CHAPTER 2

A comparative study of MAP2 alterations in areas 9 and 17 in
schizophrenia and Huntington Chorea and the role of neuroleptic
exposure

Abstract

Increasing evidence suggests that there may be significant morphological changes
in the neuropil of the dorsolateral prefrontal cortex in schizophrenia (Weinberger et al.,
1986; Buchsbaum et al., 1990; Benes 1991; Lewis 1993; Pakkenberg 1993; Goldman-
Rakic and Selemon 1995, 1997; Harrison 1999; Andreasen 2000; Thune et al., 2001;
Jones et al., 2002; Broadbelt et al., 2002). There are consistent findings of decreases in
the synapse-associated protein synaptophysin (Karson et al., 1996; Perrone-Bizzozero et
al. 1996; Glantz and Lewis 1997); spine density (Garey et al., 1993, 1998; Glantz and
Lewis 2000); neuropil space (Buxhoeveden et al., 2000); MAP2 (Jones et al., 2002) and
dendrites (Broadbelt 2002). A controversial issue surrounding these deficits in the cortical
neuropil is the confounding effects of antipsychotic (neuroleptic) medication. We employed
MAP2 Immunohistochemistry and Nissl staining to analyze eight matched groups of
Huntington, schizophrenia and control, in areas 9 and 17 layers lll and V of the PFC.
Huntington’s patients take neuroleptics similar to schizophrenics; therefore, by comparing
the two groups to controls we can begin to determine if neuroleptics play a role in the
deficits reported in schizophrenia. Our results showed a significant decrease in MAP2 in
schizophrenia compared to controls. The Huntington's brains showed a significant
difference only in layer V compared to controls. There were no significant differences seen
in area 17 for both schizophrenia and Huntington Chorea compared to controls. This
observation of MAP2 suggests that antipsychotic medication might not be responsible for

the morphological changes observed in the neuropil of the PFC in schizophrenia.
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1. Introduction

Much evidence points to the prefrontal cortex (PFC) as a major site for perturbation
in schizophrenia (Benes et al., 1996; Goldman-Rakic and Selemon, 1997; Harrison, 1999;
Selemon et al., 1999; Broadbelt et al., 2002; Jones et al., 2002; For review, see Shapiro,
1993). Post mortem studies in specific areas of the PFC by Benes et al., (1991) and
Selemon et al.,, (1995) showed increases in neuronal density; whereas, studies by
Pakkenberg (1993) and Thune et al.,, (2001) reported no change in the number of
neurons. Together these studies suggest that there might be changes in neuropil content
as was hypothesized by both Benes et al., (1991) and Selemon et al., (1995). The neuropil
includes axon terminals, dendrites and dendritic spines (Harrison and Roberts 2000).
There are reports of decrease spine density in the PFC (Garey et la.,, 1998) and
specifically in area 9 (Glantz and Lewis 2000). More recently, studies by Jones et al.,
(2002) showed alterations in MAP2, a marker for dendrites and dendritic development in
vitro (Bernhardt and Matus, 1984; Decamille et al., 1984; Fischer et al., 1987; Crandell et
al.,, 1989), in areas 9 and 32 of the PFC. Additionally, they also showed decreases in
primary and secondary dendrites of pyramidal cells in areas 9 (personal communication)
and 32 of the PFC (Broadbelt et al., 2002). A major issue surrounding these reported
deficits in the PFC is the effect of neuroleptic medication. Several studies suggested that
long-term treatment with antipsychotics might produce morphological changes in synaptic
elements in the brain (Benes et al., 1985; Klinzova et al., 1989; Meshul et al., 1992).
Imaging studies showed evidence of striatal enlargement in drug treated patients
(Keshavan et al., 1994; Chakos et al., 1994, 1995; Doraiswamy 1995) and rats (Chakos et
al.,, 1998). There are reports of progressive brain atrophy (Madsen et al., 1998) and
increasing thalamic volume (Gur et al., 1998). Most recently, a study on rhesus monkeys
demonstrated long-term haloperidol exposure can increase phosphorylation of MAP2 and

downregulate spinophilin (Lidow et al.,, 2001). Antipsychotic drugs, by binding to
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dopaminergic and serotonergic neurotransmitter receptors, have the ability to regulate the
activity of kinases and phosphatases via second messengers (Lidow et al., 2001). These
enzymes can regulate phosphorylation states of proteins like MAP2 (Diaz-Nido et al.,
1990). Phosphorylation of MAP2 can destabilize dendritic microtubules and as such the
cytoskeletal processes of the cell (Boyne et al., 1995). Therefore, morphological studies
examining dendritic alterations in the cortex must take into consideration the confounding

effects of neuroleptic exposure.

To begin to address the possibility of neuroleptic induced morphological alterations
in schizophrenia, we used immunocytochemistry to examine the expression of MAP2 in a
cohort of Huntington Chorea brains and compare it to that of a matched cohort of
schizophrenics and controls. Many Huntington Chorea patients take similar neuroleptic
drugs to schizophrenics; therefore, by comparing the two groups’ one can begin to see if

neuroleptics play a role in the changes observed in schizophrenia.

2. Methods

2.1. Subjects and tissue

Postmortem brain tissues from 8 subjects diagnosed with Huntington Chorea, 8
subjects diagnosed with schizophrenia and 8 controls were collected from Harvard Brain
Tissue Resource Center (Table 2.1). The three groups of tissues were all matched for age,
sex and postmortem interval. All tissues were collected at the time of autopsy in
accordance with an approved Institutional Review Board protocol. Diagnoses confirmed to
DSM-IV criteria and were established retrospectively by reviewing medical records and
interviewing knowledgeable individuals. Tissue was not included in the study if there was

evidence of neuropathology (e.g. Alzheimer’'s disease) or substance dependence as
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determined by the HBTRC. The brain bank coded the tissues and the codes were
maintained by one of the authors who did not conduct quantitative assessment (L.J.) until

guantitative procedures had been completed.

Blocks of 1-cm thick sections were dissected in the coronal plane by a qualified
neuropathologist at the HBTRC. The sections were formalin-fixed in a consistent manner
for shipment. The accuracy of the dissections was confirmed by examining thionin-stained
sections prepared from each block. Specimens from area 9 were taken from its
dorsolateral extent, which is founded on the middle third of the superior frontal gyrus
(Rajowska and Goldman-Rakic, 1995a). Compared with the medial region, the lateral
region of area 9 is more differentiated. In addition to having a distinguishable layer IV, it
has a Layer Il with a distinct upper margin and the supragranular cell density is

conspicuously higher than the infragranular cell density (Barbas and Pandya, 1989).

Inclusion criteria: Brains were not selected on a racial basis. Approximately equal
numbers of male and female brains were obtained. Schizophrenics and Huntington
patients had a DSM |V diagnosis and range in age from 34 to 80 years of age.
Nonpsychiatric controls came from nursing homes and hospitals; have no psychiatric
diagnosis established by the DEAD scale. Controls from nursing homes had resided there

for at least five years prior to death.

Exclusion criteria: No brains with evidence of traumatic injury, infarction or Alzheimer's

type changes were accepted into the study.
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Brain # Distributive Medication Age | Sex PMI Storage Time
Diagnosis

4227 Huntington No med. report| 58 M 18.25 18 months
Grade 3

5047 Schizophrenia | Clozaril(50mg) 63 20.1 11 months
Haldol(5 mg)

4872 Control None 58 M 20.8 12 months

5107 Huntington Rescripine 66 M 12.4 9 months
Descipramine
(0.5mg)

3833 Schizophrenia | No med. report 67 M 21.3 13 months

4729 Control None 66 M 17.8 15 months

2634 Huntington No med. report 68 F 1.2 8 months

3742 Schizophrenia | Thorarine (30mg) 71 M 19 7 months

3875 Control None 68 F 14 12 months

4449 Huntington Xarax (0.25 mg) 67 F 16.3 18 months
Prozali (20 mg)

3557 Schizophrenia | Oxazepur 66 F 16.7 13 months
(15 mg)

3619 Control None 74 F 19.8 11 months

4441 Huntington Haloperidol 72 M 3.6 23 months
2 mg)

3634 Schizophrenia | Thorazine 71 M 18 15 months

3626 Control None 65 I 16.6 15 months

3041 Huntington No treatment 38 M 11.8 10 months

3915 Schizophrenia | Resperidol 34 M 17.4 10 months
(200 mg)

3932 Control None 38 M 21.9 10 months

3702 Huntington No med. report | 62 M 21.5 12 months
Grade 4*

3546 Schizophrenia | No med. report 69 M 17.8 13 months

3625 Control None 70 F 18.2 11 months

2926 Huntington Chlortrimeton 53 M 18.5 10 months

3673 Schizophrenia | No med. report 43 M 20.8 10 months

3748 Control None 44 M 23 8 months

Table 2.1: Demographic data for the matched brains used in the MAP2 and cell density

projects.

*

All  Grade

4 Huntington

brains

had

both

behavioral and

movement disorders, therefore they took neuroleptics at some point in their life.
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2.2. Histological procedures

Coronal serial sections were cut at 50um on a freezing sledge sliding microtome.
Every section was collected in phosphate buffered saline (PBS) to be processed for either
immunocytochemistry or for histological staining. Even number sections were stored in a
cryoprotectant that allows tissue storage at —70°C until they were processed for
immunocytochemistry. Odd numbered serial sections were processed for thionin staining.
Every tenth frozen section was then used for MAP2 immunocytochemistry. All of the

materials were processed in triplets to minimize variability on a given day.

2.3. Nissl Staining

Coronal serial sections (50um) through the cortex were cut on a freezing sledge
microtome. Every section was collected in phosphate buffered saline (PBS) to be
processed for either immunocytochemistry or for histological staining. Even number
sections were stored in a cryoprotectant that allows tissue storage at —70°C until they were
processed for immunocytochemistry. Odd numbered serial sections were processed for
thionin staining. The sections for histological staining were mounted onto subbed slides
and dried at room temperature. The sections were then dehydrated in graded alcohol
starting with 70% ethanol to 100% ethanol. After dehydration in alcohol the sections were
then defatted in xylene for 10 minutes and dehydrated in alcohol for a second time in
reverse starting with 100% ethanol and finally with 70% ethanol. After dehydration the
sections were placed in deionized water for one minute and then in thionin stain for 20
seconds. After staining the sections were rinsed in water and dehydrated in 95% and
100% alcohol. After dehydration the sections were then defatted for a second time in

xylene. Finally, the sections on the slides were coverslipped with permount solution.
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2.4. MAP immunocytochemistry

A free-floating method of immunocytochemistry was employed to maximize the
impregnation and exposure to the MAP2 antibody (Figure 2.6 & 2.7). MAP2 is a
cytoskeletal protein specific for dendrites and cell bodies. An antibody from Chemicon
specific for the MAP2a and MAP2b, which correspond to the two high molecular weight
forms found in the adult brain was used. The appropriate tissue sections were removed
from the cryoprotectant, washed in PBS and then pretreated with 3% H,O, for ten minutes
to remove any endogenous peroxides. The sections were washed in PBS and incubated
in 4% instant milk in PBS (BLOTTO) with 0.2% Tritonx-100 for one hour and then
incubated for 48 hours at room temperature in the primary antibody at 1:300 dilution. All
incubations were performed on an orbital shaker. On the third day the sections were
washed in PBS three times for 10 minutes. The sections were then incubated in a
secondary antibody for 30 minutes. The primary antibody was made in mouse; therefore,
a biotinylated anti-mouse secondary at 1:100 dilution (Vector Laboratories) was used. The
avidin-biotin complex was then used according to Vectastain’s protocol. This procedure is
followed by a standard DAB (diaminobenzidine) reaction to view the staining. The sections
were mounted on to glass slides and after drying they were dehydrated in graded alcohol

starting at 70%, defatted in xylene and coverslipped with permount solution.

2.5. Quantification of pyramidal cell density

Pyramidal cells were counted in three evenly spaced Nissl sections with a random
start. Contours were traced for each layer, and a counting grid was superimposed on the
contour. Every third intersection with a random start was marked for counting so that 30%
of the intersections were marked. A counting box of 200/200/27 um with a volume of

0.00000108 cm? (a buffer zone of 5 um on either surface was employed so as not to
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include the cut surfaces) was placed inside the marked intersections. Counting was done
using a 20X Plano Apo objective, which give a final screen magnification of 1000.
Pyramidal cells were distinguished based upon their morphology. They had to have a
distinguishable apical surface oriented toward the pial surface in order to be counted.
Every pyramidal cell inside the box with a visible nucleolus that did not touch the exclusion
line was counted. Pyramidal cell density was determined by dividing the average number

of cells per box by the volume of the counting box.

2.6. Quantification of total neuronal cell density

All neurons, pyramidal and non-pyramidal, were counted in three evenly spaced
Nissl sections with a random start. Contours were traced for each layer, and a counting
grid was superimposed on the contour. Every third intersection with a random start was
marked for counting so that 30% of the intersections were marked. A counting box of
200/200/27 ym with a volume of 0.00000108 cm3 (a buffer zone of 5 um on either surface
was employed so as not to include the cut surfaces) was placed inside the marked
intersections. Counting was done using a 20X Plano Apo objective, which gave a final
screen magnification of 1000. Neurons were distinguished based upon their morphology.
Every neuron cell body inside the box with a visible nucleolus that did not touch the
exclusion line was counted. Neuron density was determined by dividing the average

number of cells per box by the volume of the counting box.

2.7. Quantification of the MAP2 material

MAP2 Immunostaining for layers Ill and V was quantified by area fraction analysis.

Thionin sections were employed to identify layers Il and V. Within a defined sampling box,
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area fraction refers to the ratio of the area occupied by MAP2-positive profiles vs. the total
area of the box. Area fraction was measured from sections using a Bioquant Image
Analysis system interfaced with an Olympus AX70 microscope and a Sony 3-chip color
camera which relayed the microscopic images to a video monitor. The sampling box was a
square with each side equal to the width of the lamina. Bioquant software was employed
to select pixels within the sampling box that matched threshold criteria for the MAP2
positive profiles set by the investigator. Threshold was set at the level that selected the
lightest stained cell bodies and dendrites without selecting background staining. The
setting for illumination was kept constant throughout the analysis. The computer then
outlined and summed the thresholded areas and determined the ratio of stained area to
the total area of the sampling box. Every section stained with MAP2 was used in the data
analysis. An average of eight sections per brain was measured. For each section a total of
eight measurements were made for both layer 1l and V. The measurements were made
along the straight sides of a gyrus so as to have as little distortion of the lamina as
possible. The eight sampling boxes were taken consecutively as long as there were no
histological artifacts in the tissue and the lamina could be determined. If there were

artifacts in the tissue, then the box was placed at the next straight edge after the artifact.

2.8. Statistical analysis

Standard descriptive statistics were used in all analysis. Calculations and data
analysis were carried out using StatView (V5.0) for Windows (Abacus Concepts
Software/SAS). MAP2 area fraction, pyramidal cell density and total neuronal density data
were taken from layers Ill and V of areas 9 and 17 and were expressed as mean for each
group, Huntington, schizophrenia and control. A one-way analysis of variance (ANOVA)

was used to test for differences between the 3 groups at 95 % confidence limit. Fisher’s
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post-hoc tests were used to compare the 3 groups. All of the tissues were prepared and
analyzed in matched groups; therefore, we believe that the ANOVA is a more sensitive
test for intergroup comparison. Additionally, a power analysis of the spine data showed
that a minimum sample size of five was enough to yield levels of significance with a 95 %
confidence limit (See Figure 2.1). Similar studies by Garey et al., (1998) for spine density
measurements used a sample size of four schizophrenics and a MAP2 study by Arnold et

al., (1991) used only six brains.

Sample Size

Difference in Means Error Std Dev Alpha

214 40 0.050

1.00

0.757

0.50

Power

0.257

0.00

| | |
2 3456 7 8 910111213
Sample Size

Figure 2.1: Power Analysis of the spine data for Schizophrenia vs Control.



31
3. Results

3.1 Pyramidal cell density in area 9

Pyramidal cell density was completed on the same 8 Huntington, 8 schizophrenic
and 8 controls employed in the area fraction analysis (Figure 2.2 & 2.3). Compared to
controls, schizophrenics exhibited a small increase in both layers Ill and V. On the other

hand, the Huntington brains exhibited a very slight increase in layer Ill only (Table 2.2).
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Figure 2.2: Raw data showing the mean pyramidal cell density for the eight groups
in Layer Il Area 9.
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Figure 2.3: Raw data showing the mean pyramidal cell density for the eight groups

in Layer V Area 9.

DIAGNOSIS MEANS (10°)/cm? P-value
I Y% I
Huntington 19.6 14.0 0.57 0.84
Schizophrenia 20.9 15.5 0.26 0.44
Control 18.2 13.5 1.0 1.0

Table 2.2: Pyramidal cell density showing means and P-value for layers Ill and V in

area 9 (n=8).

3.2 Total neuronal density in area 9

Total neuronal density measurements were made on 8 Huntington, 8 schizophrenics
and 8 controls (Figure 2.4 & 2.5). The total neuronal density in both layers Il and V

showed no statistical difference in schizophrenia and Huntington Chorea compared to

controls (Table 2.3).
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Figure 2.4: Raw data showing the mean neuronal cell density for the eight groups in
Layer Ill Area 9.
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Figure 2.5: Raw data showing the mean neuronal cell density for the eight groups in
Layer V Area 9.
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DIAGNOSIS MEANS (10%/cm® Std. Dev. (109 P-value

" \Y " V 1 V
Huntington 33.2 30.9 5.6 3.5 0.8 0.89
Schizophrenia 31.1 29.9 6.1 3.5 0.32 0.64
Control 28.5 30.7 3.6 3.8 1.0 1.0

Table 2.3: Total neuronal density showing means, standard deviation and P-value
for layers Il and V in area 9 (n=8).

3.3 MAP2in Area 9

Area fraction analysis was completed on 8 Huntington, 8 schizophrenic and 8
controls (Figure 2.8 &2.9). Compared to controls, schizophrenics exhibited a 39%
decrease (P-value 0.001, SD * 0.03) in layer Ill and a 38 % decrease (P-value 0.004, SD
+ 0.06) in layer V (Table 2.4). There was no significant decrease in MAP2 in layer Il in
Huntington compared to controls. There was a significant 29% decrease (p-value 0.02, SD
+ 0.01) in layer V in Huntington (Table 2.4). This was the only significant result in

Huntington compared to control.




Control Huntington Schizophrenia

Figure 2.6: Photomicrographs showing MAP 2 (above) and Nissl Staining (below) in Layer ITI Area 9 (20X)
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Control Huntington Schizophrenia

Figure 2.7: Photomicrographs showing Map 2 (above) and Nissl Staining (below) in Layer V Area 9 (20X)

360
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Figure 2.8: Raw data showing MAP2 area fraction means for the eight groups in Layer
ITI in Area 9.
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Figure 2.9: Raw data showing MAP2 area fraction means for the eight groups in
Layer V in Area 9.
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DIAGNOSIS MEANS P-value
M \Y 1 \Y
Huntington 0.185 0.188 * 0.0536 0.0191 *
+0.013
Schizophrenia 0.136 * 0.166 * 0.0001 * 0.0040 *
+ 0.029 +0.059
Control 0.224 0.265 1.0 1.0

Table 2.4: MAP2 data showing means and P-value for layers lll and V in area 9 (n=8).

3.4 Pyramidal cell density in control (area 17).

Pyramidal cell density means for the eight groups of brains in area 17 layers Il and V
showed no significant difference when comparing Huntington, schizophrenia and controls

(Table 2.5).
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Figure 2.10: Raw data showing pyramidal cell density for the five groups in layer llI
in control.
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Figure 2.11: Raw data showing pyramidal cell density for the five groups in layer V
in control.



40

DIAGNOSIS MEANS (10°)/cm?® Std. Dev. (109 P-value

1] v 1] Y, 1] Y,
Huntington 42.7 29.7 6.8 7.5 0.3 0.8
Schizophrenia 47.5 29.7 10.4 7.7 0.9 0.8
Control 47.2 28.9 8.0 7.1 1.0 1.0

Table 2.5: Pyramidal cell density showing means, standard deviation and P-value for

layers Illl and V in control (n=8).

3.5 Neuronal density in control (area 17)

Total neuronal density means for the eight groups of brains in area 17 layers Ill and V

showed no significant difference when comparing Huntington, schizophrenia and control

(Table 2.6).
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Figure 2.12: Raw data showing total neuronal density for the five groups in layer Il

in control.
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Figure 2.13: Raw data showing total neuronal cell density for the five groups in

layer V in control.

DIAGNOSIS MEANS (10%)/cm?® Std. Dev. (109 P-value

1] v 1] Y, 1] Y,
Huntington 85.5 924.1 21.7 30.4 0.65 0.51
Schizophrenia 83.5 74.5 16.3 17.1 0.50 0.42
Control 89.5 85.3 13.5 29.2 1.0 1.0

Table 2.6: Total neuronal density showing means, standard deviation and P-value
for layers Il and V in control (n=8).



3.6 MAP2 in control (area 17)
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MAP2 area fraction means for the five groups of brains in area 17 layers Ill and V showed

no significant difference when comparing Huntington, schizophrenia and control (Table

2.7).
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Figure 2.14: Raw data showing MAP2 area fraction for the five groups in layer llI

control.
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Figure 2.15: Raw data showing MAP2 area fraction for the five groups in layer V in

control.
DIAGNOSIS MEANS Std. Dev. P-value

1 \% [l \% 1] \%
Huntington 0.136 0.134 0.011 0.022 0.38 0.48
Schizophrenia 0.116 0.130 0.017 0.014 0.20 0.67
Control 0.128 0.124 0.013 0.027 1.0 1.0

Table 2.7: MAP2 data showing means, standard deviation and P-value for layers Il
and Vin control (n=5).

Discussion

The present data shows significant decreases in MAP2 in both layers Il and V in

schizophrenia as compared to controls which confirms previous findings in our laboratory

(Jones et al., 2002). When comparing Huntington Chorea to controls a trend towards a

decrease was seen in MAP2 in layer Ill; however, it was not significant. However, there

was a significant decrease in MAP2 in layer V when comparing Huntington Chorea to
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controls. This observation of MAP2 in Huntington Chorea can be explained in two ways.
First, this decrease may be due to neuroleptic exposure since both Huntington and
schizophrenic brains showed decreases in MAP2. It is foreseeable that neuroleptic drugs
because they have the ability to bind to dopamine and serotonin receptors can
phosphorylate MAP2 through the action of second messenger activation of phosphatases
(Lidow 2001). Phosphorylation of MAP2 will result in altered dendritic surface area,
therefore decrease MAP2 (Audesirk et al.,, 1997; Hely et al., 2001). Secondly, this
decrease may be due to the disease and not an effect of neuroleptic exposure. The latter
seems more plausible because layer Ill area fraction in area 9 and both layers Il and V in
area 17 in Huntington Chorea showed no significant decrease as compared to controls.
We believe that neuroleptic drugs would affect all areas equally; although, schizophrenics
take neuroleptics for longer periods than Huntington’s patients both groups showed long
term exposure. Therefore, we believe what we are seeing in schizophrenia and Huntington
Chorea is significant and real. The decrease in MAP2 in Huntington Chorea maybe
attributed to the close association of the abnormal Huntingtin protein with microtubules,
thus MAP2. Furthermore, it suggests that the structural integrity of the pyramidal cells
might be compromised, since MAP2 functions as a stabilizing agent in the assembly of
microtubules and as such the cytoskeletal processes of the cell. It further suggests that the
dendritic elements of the pyramidal cells would also be compromised as was seen in area
32 in a previous study by our lab (Broadbelt 2002). The dendritic elements are the
scaffolding for 90% of the synaptic input to the pyramidal cells in the PFC. Together, this
suggest a loss of input in this part of the brain which would result in disturbances in
information processing as seen in schizophrenia. Furthermore, both the Huntington and
schizophrenic brains showed no significant changes in pyramidal cell or neuronal density
in both layer 1ll and V in area 9 as compared to controls. The data did show a small

increase in pyramidal cell density in layer 1l in schizophrenics. In area 17, there were no
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differences seen in cell density or MAP2 measurements in Huntington, schizophrenia or
control in both layers Ill and V. This study support what has been previously reported by
our lab and other researchers. Because there were no significant differences in layer Il
MAP2 and pyramidal cell density in Huntington Chorea as seen in schizophrenia suggest
that neuroleptic drugs are not responsible for the changes observed in schizophrenia and

as such not a confounding variable.
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CHAPTER 3

Dendritic and spine alterations in areas 9 and 17 in schizophrenia
and Huntington Chorea and the role of neuroleptic exposure

Abstract

Recent morphological studies in schizophrenia suggest atrophic changes in the neuropil

of the prefrontal cortex (Beasley et al., 1997; Glantz and Lewis, 1997, Honer et al, 1997;
Garey et al, 1998; Harrison, 1999; Selemon and Goldman-Rakic, 1999; 2000; Bertolino et
al, 1999; 2000; Kalus et al, 2000; Lewis et al, 2001; Pierri et al, 2001; Reynolds and
Beasley, 2001; Jones, 2001; Broadbelt et al, 2002; Buxhoeveden et al, Jones et al, 2002;
Kindermann et al., 2004). Most recently, we showed a schizophrenia-associated decrease
in MAP2 in schizophrenia (Jones 2002), which we believed is not due to neuroleptic
exposure. MAP2 is a very important protein in the assembly of microtubule in neurons;
therefore, it plays a major role in neuronal processes like dendrites, spines and synapses.
Additionally, recent studies from our lab showed decreases in dendrites in area 32
(Broadbelt 2002) and area 9 (personal communication). In this study we examined the
dendrites and spines in area 9 and 17 to determine if neuroleptic drugs play a role. We
employed Golgi silver impregnation to analyze five matched groups of Huntington,
schizophrenia and control. Huntington’s patients take neuroleptics similar to
schizophrenics; therefore, by comparing the two groups to controls we can determine if
neuroleptics play a role in the deficits reported in schizophrenia. Our results showed a
significant decrease in both basal dendrites and spines for both layers Ill and V in area 9
in schizophrenia compared to controls. The Huntington’s brains showed no significant
difference compared to controls. In area 17, there was also no significant difference when
comparing the three groups. The data suggest that neuroleptic drugs may not be

responsible for the changes observed in schizophrenia.
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1. Introduction

The neuroanatomical basis of schizophrenia is still a mystery to researchers.
However, much research over past few decades was designed to examine blood flow in
the brain; differential neuronal counts and density; neuronal size and volume; dendritic
architecture; spine counts; transmitter systems; and several structural and synaptic
proteins in various cortical areas. (Weinberger et al.,1986; Buchsbaum et al., 1990; Benes
1991; 1993; Pakkenberg 1993; Goldman-Rakic and Selemon 1995, 1997; Beasley et al.,
1997, Glantz and Lewis 1997, Garey et al., 1998; Harrison 1999; Selemon and Goldman-
Rakic 1999;; Buxhoeveden et al., 2000; Glantz et al 2000; Andreasen 2000; Thune et al.,
2001; 2001; Jones et al., 2002; Broadbelt et al., 2002) As a result, much is known about
the cortex of the brain. There are two types of neurons in the cortex, pyramidal and non-
pyramidal neurons. The pyramidal neurons constitute approximately 70% of the cortical
neurons and the non-pyramidal neurons account for about 25% (Powell 1981). The
pyramidal neurons are named for their pyramidal shape cell body; they have an apical
dendrite extending towards the pial layer as well as basal dendrites on the base of the cell
body (see Figure 3.2). Spines are protrusions of the neuronal membrane consisting of a
head connected to the neuron by a thin spine neck (see figure 3.7). They can be found on
the dendrites, the soma and on the axon hillock (Mates and Lund 1983). Spines are the
site of synaptic transmission and about 90% of the synapses on spines are excitatory
(Mates and Lund 1983). There are three types of spines: mushroom, stubby and
filopodium (Peters and Kaiserman 1970). In the DLPFC in schizophrenia, structural
imaging studies suggest a decrease in volume in this part of the brain (Daviss and Lewis
1995, Selemon et al., 1995); whereas, most neuron density measurements showed an

increase in neuronal density without a change in the total number of neurons (Benes 1991,
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Selemon et al., 1995). Thus, researchers theorized that there are changes within the
neuropil. Loss of spines dendrites and axons would strongly suggest altered connectivity
in patients with schizophrenia. Previously we reported a decrease in MAP2 in area 9 and
32 in schizophrenics, which we believe is not due to neuroleptic exposure (Jones et al.,
2002). We believe that this decrease in MAP2 in schizophrenia will result in
consequences reflected in the cytoskeletal processes of the pyramidal cells, like the
dendrites and spines. Our lab had previously reported decreases in dendrites in area 32 of
the prefrontal cortex (Broadbelt 2002) and the issue of neuroleptic exposure remains

unanswered.

Several imaging studies showed evidence of striatal enlargement in drug treated
patients (Keshavan et al., 1994; Chakos et al., 1994, 1995; Doraiswamy 1995) and rats
(Chakos et al., 1998). Madsen et al., (1998) reported progressive brain atrophy; whereas,
Gur et al., (1998) reported increasing thalamic volume. Most recently, a study on rhesus
monkeys demonstrated long-term haloperidol exposure can increase phosphorylation of
MAP2 (Lidow et al., 2001). Antipsychotic drugs because of their affinity to bind
neurotransmitters receptors have the ability via second messenger systems to
phosphorylate proteins like MAP2. Because MAP2 is associated with microtubule
assembly, it can affect the cytoskeletal processes of neurons like dendrites and spines

(Lidow 2001).

This study employs Golgi silver Impregnation to analyze the dendrites and spines
of the pyramidal cells in area 9 of the PFC. We employed a modify Golgi-Cox method by
Armstrong and Parker and counted basal dendrites and spines on pyramidal cells in area
9 layers Il and V in cohorts of Huntington Chorea, schizophrenia and control. Both

Huntington’s patients and Schizophrenics take similar neuroleptic drugs; therefore, by
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comparing the two groups’ one can begin to see if neuroleptics play a role in the changes

observed in schizophrenia.

2. Methods

2.1. Subjects and tissue

Postmortem brain tissues from five subjects diagnosed with Huntington Chorea,
five subjects diagnosed with schizophrenia and five controls were collected from Harvard
Brain Tissue Resource Center (HBTRC) at McLean Hospital (Table 3.1). The three groups
of tissues were all matched for age, sex and postmortem interval. All tissues were
collected at the time of autopsy in accordance with an approved Institutional Review Board
protocol. Diagnoses confirmed to DSM-IV criteria and were established retrospectively by
reviewing medical records and interviewing knowledgeable individuals. Tissue was not
included in the study if there was evidence of neuropathology (e.g. Alzheimer's disease) or
substance dependence as determined by the HBTRC. The brain bank coded the tissues
and the codes were maintained by one of the authors who did not conduct quantitative

assessment (L.J.) until quantitative procedures had been completed.

Inclusion criteria: Brains were not selected on a racial basis. Approximately equal
numbers of male and female brains were obtained. Schizophrenics and Huntington
patients had a DSM IV diagnosis and range in age from 34 to 80 years of age.
Nonpsychiatric controls came from nursing homes and hospitals, had no psychiatric
diagnosis established by the DEAD scale. Controls from nursing homes had resided at the

home for at least five years prior to death.

Exclusion criteria: No brains with evidence of traumatic injury, infarction or Alzheimer’s

type changes were accepted into the study.
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2.2. Golgi Silver Impregnation

The brains were processed in groups (control and schizophrenia or Huntington).
The tissue was cut into 2mm slabs then wrapped in gauze. All of the glassware used in
this experiment was acid washed. The tissue was first placed in a solution containing
100mls dH,0, 3g potassium dichromate, 12.5g sucrose, 5ml 37% formalin, and 7.5ml of
3% H,0, and incubated in an oven at 55°C for 6 hours. The tissue was removed from the
oven and placed in fresh solution and left at room temperature overnight. The following
day the tissue was placed in a second solution containing 100ml dH.O, 3g potassium
dichromate and 12.5g sucrose and incubated in an oven at 55°C for 6 hours. Following the
incubation, the tissue was placed in fresh solution and left again at room temperature
overnight. The tissue was then rinsed in 0.75% silver nitrate and placed in fresh 0.75%
silver nitrate solution. Because silver nitrate is light sensitive, the jars were wrapped in
aluminum foil and left at room temperature for 5 days. Finally the tissue was serially
sectioned on a vibratome into 150um thick sections and collected in 70% alcohol. The
sections were dehydrated in graded alcohol starting at 70%, defatted in xylene, mounted

onto slides and coverslipped with permount solution.

2.3 Quantification of dendrites and spines

The material was analyzed using a Bioquant Image Analysis System interfaced with an
Olympus AX70 microscope connected to a Ludl Motorized stage and a Sony 3-chip
camera. Three measurements were performed on Golgi material, 1) number of primary
basilary dendrites, 2) number of secondary basilary dendrites and 3) spine density along

the primary and secondary basilary branches (Figure 3.2 & 3.7). Fifty cells per brain were
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chosen randomly to be analyzed for dendritic measurements and ten cells per brain for the
spine measurements. The cells must meet the following criteria to be analyzed: The cell
body must be easily seen with no secondary branches being obscured by background or
by another cell and the apical dendrite must be visible from the soma to the pial surface.
All measurements were made using stereologic methods. The Bioquant system comes
with a stereologic package that was used to make measurements. The total area, that
contains cells, was traced. A 100/100 grid was placed within the contour. The computer
randomly marked grids to be measured, a counting box with a set z range was placed
inside the marked grids and the cells within the grid which meet criteria were measured.
Two different measurements were made for each cell at one time. The numbers of primary
and secondary basilar branches were counted and an average for each brain was
determined. The counting of spines along the primary and secondary basilary dendrites
was done at 100X under oil. Ten cells per brain were chosen randomly. Dendrites whose
cell meets criteria were measured for their length in microns at 60X under oil and have
their spines counted manually at 100X. By moving through the focal plane we counted all
of the spines visible along the dendrite using a hand counter. In addition, the numbers of
spines counted were entered manually into the Bioquant to keep track of the number of
spines counted. The data was expressed as average number of spines per millimeter of

dendrite in each lamina in the different brain regions.

2.4, Statistical analysis

Standard descriptive statistics were used in all analysis. Calculations and data
analysis were carried out using StatView (V5.0) for Windows (Abacus Concepts
Software/SAS). Dendritic and spine data were taken from layers Ill and V of areas 9 and

17 and were expressed as means for each of the Huntington, schizophrenia and control
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groups. A one-way analysis of variance (ANOVA) was used to test for differences between
groups at 95 % confidence limit. All of the tissues were prepared and analyzed in matched
groups; therefore, we believe that the ANOVA is a more sensitive test for intergroup
comparison. Additionally, a power analysis of the spine data showed that a minimum
sample size of five was enough to yield levels of significance with a 95 % confidence limit
(See Figure 3.1). Similar studies by Garey et al., (1998) for spine density measurements
used a sample size of four schizophrenics and a MAP2 study by Arnold et al., (1991) used

only six brains.

Sample Size
Difference in Means Error Std Dev Alpha
214 40 0.050
1.00
0.757
g
£0.50-
o
0.257
000 —TT T T T T T T T 1
2 345 6 7 8 910111213
Sample Size

Figure 3.1: Power Analysis for Schizophrenia vs Control of Primary Spines of Layer III
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Brain # Distributive Medication Age | Sex | PMI | Storage
Diagnosis Time
5039 Huntington | Haldol (.5 mg) 54 | F 14 |29
months
5662 Schizophrenia | Thioridazine (100mg) 52 | F 16 |15
months
5734 Control None NR | NR | NR | NR
5344 Huntington | No med. report Grade 4* 09 | F 26 |17
months
5656 Schizophrenia | No psych. Med. 73 | F 29 |15
months
5805 Control None NR | NR | NR | NR
5464 Huntington | No med. report Grade 4 61 | M| 21 |20
months
5785 Schizophrenia | Depakote(750 mg), Zyprexa (5| 63 | M 15 19
mg), Neurontin (200 mg) months
5715 Control None NR | NR | NR | NR
2161 Huntington | Haldol (10 mg) 5 | F 14 1109
months
4942 Schizophrenia | Zyprexa (15 mg), Luvox (50 mg), | 61 | F 14 |16
Humibid (1200 mg) months
4810 Control None 62 | M 16 |12
months
4292 Huntington | No med. report Grade 4 50 | M 5 138
months
3013 Schizophrenia | Chlorpromazine (100 mg),| 62 | M 6 86
Fluphenzarine (10 mg), months
4932 Control None 67 | M| 22 |8
months

Table 3.1: Demographic data for the matched brainsused in the Golgi projects.
NR = No medical report

* All Grade 4 Huntington brains had both behavioral and movement disorders, therefore
they took neuroleptics at some point in their life.
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3. Results

3.1 Dendrites and spines in area 9

The number of dendrites and spines were obtained from 5 Huntington, 5 schizophrenic and 5 controls in
decrease (P-value 0.01, SD + 0.67) in layer V (Table 3.2). There were no significant
changes seen in the Huntington’s brains compared to controls. For secondary dendrites,
both layers showed a trend towards a decrease in schizophrenics compared to controls
(Figure 3.5 & 3.6). There were no significant differences seen in Huntington’s brains

compared to controls (Table3.3).

The spine data is expressed as number of spines per millimeter of dendrite (Figure
3.8 & 3.9). Compared to controls the primary spines exhibited a 37% decrease (P-value
0.0001, SD £ 32) in layer Il and a 38% decrease (P-value, SD + 31) in layer V in area 9.
The Huntington brains showed no significant changes in both layers compared to controls
(Table 3.4). Compared to controls the secondary spines exhibited a 37% decrease (P-
value, SD + 39) in layer Il and a 37% decrease (P-value, SD * 58) in layer V (Figure 3.10
& 3.11). In the Huntington brains there were no significant changes in both layers

compared to controls (Table 3.5).

3.2 Dendrites and spines in control (Area 17).

The number of primary and secondary basilary dendrites was obtained from five
Huntington, five schizophrenic and five controls in both layer 1ll and V in area 17 (Figure
3.14 & 3.15). The data is expressed as number of dendrites per brain. In both layers lli
and V there were no significant difference for primary and secondary dendrites in

Huntington and schizophrenia compared to controls (Table 3.6). Similarly, there was no



55

significant difference in primary and secondary spines in both layers for Huntington and

schizophrenia compared to controls (Table 3.8 and 3.9)

Figure 3.2: Photomicrograph of a pyramidal cell showing primary and secondary
basilary dendrites. Primary basilary dendrites come off the cell body directly and
secondary basilary dendrite comes off the primary basilary dendrite. Scale bar = 0.01
mm.
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Figure 3.3: Raw data showing primary dendrites for the five groups in layer lll area 9
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Figure 3.4: Raw data showing primary dendrites for the five groups in layer V area 9



DIAGNOSIS MEANS P-value
i \% [l \%
Huntington 2.6 3.0 0.68 0.89
Schizophrenia | 1.8 * 2.1* 0.007* 0.01*
+0.5 +0.67
Control 2.7 3.1 1.0 1.0

57

Table 3.2: Golgi data showing means and P-value for primary dendrites in layers |l
and Vin area 9 (n=5).
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Figure 3.5: Raw data showing secondary dendrites for the five groups in layer llI

area 9.
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Figure 3.6: Raw data showing secondary dendrites for the five groups in layer V
area 9.

DIAGNOSIS MEANS Std. Dev.

i \% [l Vv
Huntington 15 1.6 0.86 0.35
Schizophrenia 0.9 1.3 0.29 0.41
Control 15 1.8 0.63 0.69

Table 3.3: Golgi data showing means, standard deviation and P-value for secondary
dendrites in layer Ill and V in area 9 (n=5).



Figure 3.7: Micrograph showing spines on the basal dendrites of a pyramidal cell.
Scale bar =0.01 mm.
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Figure 3.8: Raw data showing the mean primary spines/mm dendrite for the five
groups in Layer Il Area 9.
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Figure 39: Raw data showing the mean primary spines/mm dendrite for the five
groups in Layer V Area 9.
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DIAGNOSIS MEANS P-value
Counts/mm dendrite "I \V}
0 \Y
Huntington 529 553 0.516 0.558
Schizophrenia 363 * 367 * <0.0001* | <0.0001*
+0.32 +0.32
Control 578 540 1.0 1.0

Table 3.4: Spine counts showing means and P-value for primary spine counts per
millimeter of dendrite in layers lll and V in area 9 (n=5).
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Figure 3.10: Raw data showing mean secondary spines/mm dendrite for the five
groups in Layer Ill Area 9.
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Figure 3.11: Raw data showing mean secondary spines/mm dendrite for the five
groups in Layer V Area 9.

DIAGNOSIS MEANS P-value
Counts/mm dendrite 1l V
I Vv
Huntington 557 582 0.16 0.621
Schizophrenia 366 * 382 * <0.0001* | <0.0001*
+0.39 +0.58
Control 585 567 1.0 1.0

Table 3.5: Spine data showing means and P-value for secondary spines counts/mm
dendrite in layers Ill and V in area 9 (n=5).
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Figure 3.12: Micrograph of a pyramidal cell in Layer lll in Area 17 showing primary
and secondary dendrites. Scale Bar =0.01 mm.
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Figure 3.13: Micrograph of a pyramidal cell in Layer V in Area 17showing primary
and secondary dendrites. Scale Bar = 0.01 mm.
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Figure 3.14: Raw data showing primary basilary dendrite for the five groups in layer
[ll'in control.
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Figure 3.15: Raw data showing primary basilary dendrite for the five groups in layer
Vin control.



DIAGNOSIS MEANS Std. Dev.

i Vv i V
Huntington 1.9 2.0 0.49 0.30
Schizophrenia | 1.9 2.1 0.49 0.29
Control 1.8 2.0 0.69 0.56
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Table 3.6: Golgi data showing means and standard deviation for primary dendrites
in layers Il and V in control (n=5).
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Figure 3.16: Raw data showing secondary basilary dendrite for the five groups in

layer Ill in control.
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Figure 3.17: Raw data showing secondary basilary dendrite for the five groups in
layer V in control.

DIAGNOSIS MEANS Std. Dev.
i \% i Vv
Huntington 0.98 1.4 0.29 0.52
Schizophrenia | 0.97 1.2 0.48 0.43
Control 0.90 1.3 0.36 0.58

Table 3.7: Golgi data showing means and standard deviation for secondary
dendrites in layers lll and V in control (n=5).
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Figure 3.18: Micrograph showing spines on basal dendrites of a pyramidal cell with
100x oil. Scale Bar = 0.01mm.

600

500 - ] ]
400
] ] Huntington

300 4 schizophrenia
1 [ control

Spines

200 T

100 -

groupl group2 group3 group4 group5

Figure 3.19: Raw data showing primary basilary spine for the five groups in layer I
in control.
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Figure 3.20: Raw data showing primary basilary spine for the five groups in layer V

in control.
DIAGNOSIS MEANS Std. Dev.

1 \Y I \Y
Huntington 467 468 15 23
Schizophrenia 466 456 29 21
Control 489 483 24 9

Table 3.8: Spine data showing means and standard deviation for primary spine
counts/mm dendrite in layers lll and V in control (n=5).
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Figure 3.21: Raw data showing secondary basilary spine for the five groups in layer

Il control.
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Figure 3.22: Raw data showing secondary basilary spine for the five groups in layer

V control.



DIAGNOSIS MEANS Std. Dev.
11 i
Huntington 475 475 24 39
Schizophrenia 463 460 23 21
Control 491 486 23 11
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Table 3.9: Spine data showing means and standard deviation for secondary spine
counts/mm dendrite in layers lll and V in control (n=5).

4. Discussion

The primary dendritic data in area 9 in both layers Il and V showed a significant
decrease in schizophrenia compared to controls; whereas, there was a trend towards a
decrease in the secondary basilary dendrites. We believe that these data support what
was reported in area 32, where a decrease in primary and secondary basilary dendrites
was reported (Jones et al.,, 2002). Furthermore, this decrease in dendrites directly
correlates with the decrease in MAP2. Because MAP2 is involved in the cytoskeletal
processes of the cell, a decrease will most likely impact the dendritic processes of the
pyramidal cells. The Huntington's brains on the other hand, did not show any significant
difference in their dendritic processes compared to the control brains. Similarly, the spine
data suggest that there is a schizophrenia-associated decrease in spines in area 9, which

support what was reported by Garey et al., (1998) and Glantz and Lewis (2000). There
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was also no significant difference in spine counts in the Huntington brains compared to
controls. Together, because we are not seeing any difference between Huntington and
controls suggest that neuroleptic drugs might not be responsible for the dendritic and

spine alterations seen in schizophrenia.

Neuroleptics drugs, because of their mode of action on metabotropic
neurotransmitter receptors, can phosphorylate proteins like MAP2 (Lidow 2001). Thus,
they have the ability to alter neuronal processes such as dendrites and spines. Both
Huntington and Schizophrenic patients take comparable dosages of about 407
chlorpromazine equivalents per day and for at least two years of continuous use, which is
consider long term usage (Gur et al.,, 1998). We believe that this data support the
hypothesis that neuroleptic drugs are not responsible for the dendritic and spine

alterations seen in schizophrenia and that they are due to the disease.

The loss of dendritic spines on pyramidal cells in schizophrenia has several
implications. The pyramidal cells in the PFC are glutamatergic and they project between
various cortical regions; whereas, layer V pyramidal cells project to various cortical areas
as well as subcortical areas. A loss of spines reflects a loss of excitatory input to these
neurons; therefore, it is expected that cognitive information processing might be disturbed
as seen in schizophrenia. This is consistent with previous reports of decrease
synaptophysin, a 38-kd integral membrane protein of small synaptic vesicles, which is
important in calcium-dependent synaptic transmission (Glantz and Lewis 1997). Moreover,
the spines of basal dendrites receive both dopamine and glutamate afferents (Smiley et
al., 1992); thus, this give credence to possible disturbances in these transmitter systems in
schizophrenia. Additionally, the basal dendrites are the site for afferents from the MD
nucleus of the thalamus, an area of the brain that has consistently shown neuroanatomical

deficits in schizophrenia (Andreasen et al., 1994; Buchsbaum et al., 1996; Byne et al.,
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1997, 2001, 2002; Jones 1997, Popken et al., 2000; Young et al., 2000). The data further
support the hypothesis that neuroleptic drugs might not be responsible for the decrease in
spines seen in schizophrenia since there were no significant differences in the Huntington
spine counts and the control spine counts. Moreover, in area 17, there were no changes
seen in dendritic or spine measurements in Huntington, schizophrenia compared to control
in both layers Ill or V. Together, these data provide additional insightful information for

both Huntington’s disease and schizophrenia.
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CHAPTER 4

A comparative study of neurogranin alterations in areas 9 and 17
in schizophrenia and Huntington Chorea and the role of
neuroleptic exposure

Abstract

The confounding effects of neuroleptic medication on neurochemical studies in
schizophrenia are well documented (Harrison 1999a). Neuroleptic drugs by binding to
neurotransmitter receptors can activate enzymes which can phosphorylate proteins like
MAP2 (Lidow 2001). Recent studies from our lab (submitted for publication) showed a
schizophrenia-associated decrease in neurogranin in area 9, a protein found in dendritic
and spine compartments in neurons. Neurogranin is involved in the Ca™ signaling
pathway where it acts as an upstream regulator of calcium by binding calmodulin. Its
functional role in this pathway results in the activation of several enzymes which are
involved in longterm potentiation (LTP) and longterm depression (LTD) (Gerendasy and
Sutcliffe 1997). This study employed immunohistochemistry to analyze three cohorts of
brains Huntington, schizophrenia and controls to determine if neuroleptic drugs can cause
the observed changes in previous neurogranin studies in schizophrenia. Huntington
patients take neuroleptics similar to schizophrenics; therefore, by comparing the two we
will be able to determine if neuroleptics play a role. The data showed a schizophrenia-
associated decrease in neurogranin compared to controls. The Huntington brains showed
no significant difference in neurogranin compared to controls. In area 17 the data showed
no significant differences when comparing the groups Huntington, schizophrenia and
control. The data suggest that neuroleptic drugs are not probably playing a role in the

schizophrenia-associated decrease in neurogranin.
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1. Introduction

The reduced neuropil hypothesis of schizophrenia postulated by Selemon and
Goldman-Rakic (1999) has triggered an array of studies examining the structural elements
of the pyramidal cells in the PFC. Previously we showed a schizophrenia-associated
decrease in dendrites and spines in schizophrenics, which we believe are not an effect of
neuroleptic drug treatment. Additionally, a recent study from our lab had suggested a loss
of basilary dendrites in areas 9 and 32 of the PFC (Broadbelt et al., 2000); whereas,
several studies had consistently shown a schizophrenia-associated spine decrease
(Garey et al., 1998 and Glantz and Lewis 2000) of pyramidal cells in the PFC. It is known
that spine morphology is intimately mediated by glutamatergic neurotransmission and the
Ca'™" signaling pathway. Neurogranin is a protein that is involved in this pathway. Like
MAP2 it is localized to the cell body, dendrite and spine compartments of neurons.
Neurogranin is a calmodulin (CaM) binding protein except when it is phosphorylated by
protein kinase C (PKC). Functionally, neurogranin acts as an upstream regulator of
calcium, by binding calmodulin. Release of CaM to bind calcium (CaM/Ca™") results in the
activation of several enzymes which are involved in LTP and LTD. Additionally,
neurogranin expression has been shown to coincide  with spine density in
synaptogenesis suggesting that it may play a role in spine formation (For review see
Gerendasy and Sutcliffe 1997). Moreover, CaMKinase Il activation which is involved in
LTP can regulate the expression of proteins such as MAP2 (For review see Gerendasy
and Sutcliffe 1997). This suggests therefore, that decreases in neurogranin may result in
both structural and functional changes in neurons which can impact both dendritic
structure and spine morphology. Preliminary studies by Dr. Jones suggest a significant
decrease in neurogranin expression in the prefrontal cortex in schizophrenia (personal

communication). However, it is not known if these changes are due to the disease or to
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neuroleptic exposure. This study will attempt to determine if neuroleptic drugs can cause
the decreases in neurogranin we reported in schizophrenia. Neuroleptics by binding to
receptors have the ability to activate phosphatases which can phosphorylate proteins like
MAP2 (Lidow 2001). MAP2 phosphorylation will consequently result in cytoskeletal
changes in neurons affecting dendritic and spine morphology. Neurogranin because it is
localized in the dendritic and spine compartments of neurons, can therefore be affected.
This study employs neurogranin immunocytochemistry to analyze layers Ill and V in area
9 in a cohort of Huntington brains and compatre it to that of a cohort of schizophrenics and
controls. Studies into possible alterations in the expression of neurogranin by neuroleptic
drugs will add to the understanding of the growing body of data that suggests structural

alterations of pyramidal cells in the prefrontal cortex.

2. Methods

2.1. Subjects and tissue

Postmortem brain tissues from five subjects diagnosed with Huntington Chorea,
five subjects diagnosed with schizophrenia and five controls were collected from Harvard
Brain Tissue Resource Center (HBTRC) at McLean Hospital (Table 4.1). The three groups
of tissues were all matched for age, sex and postmortem interval. All tissues were
collected at the time of autopsy in accordance with an approved Institutional Review Board
protocol. Diagnoses confirmed to DSM-IV criteria and were established retrospectively by
reviewing medical records and interviewing knowledgeable individuals. Tissue was not
included in the study if there was evidence of neuropathology (e.g. Alzheimer’s disease) or
substance dependence as determined by the HBTRC. The brain bank coded the tissues
and the codes were maintained by one of the authors who did not conduct quantitative

assessment (L.J.) until quantitative procedures had been completed.
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Blocks of 1-cm thick sections were dissected in the coronal plane by a qualified neuropathologist at the H]
from its dorsolateral extent, which is founded on the middle third of the superior frontal
gyrus (Rajowska and Goldman-Rakic, 1995a). Compared with the medial region, the
lateral region of area 9 is more differentiated. In addition to having a distinguishable layer
IV, it has a Layer Il with a distinct upper margin and the supragranular cell density is

conspicuously higher than the infragranular cell density (Barbas and Pandya, 1989).

Inclusion criteria: Brains were not selected on a racial basis. Approximately equal
numbers of male and female brains were obtained. Schizophrenics and Huntington
patients had a DSM IV diagnosis and range in age from 34 to 80 years of age.
Nonpsychiatric controls came from nursing homes and hospitals, had no psychiatric
diagnosis established by the DEAD scale. Controls from nursing homes had resided at the

home for at least five years prior to death.

Exclusion criteria: No brains with evidence of traumatic injury, infarction or Alzheimer’s

type changes were accepted into the study.

2.2. Immunocytochemistry for Neurogranin
A free-floating method of immunocytochemistry was employed to maximize

impregnation and exposure to the antibody. Appropriate sections were removed from
cryoprotectant, washed in phosphate buffered saline (PBS), and pretreated with 0.3%
H.O, for ten minutes to remove any endogenous peroxidases. After pretreatment, sections
were then washed in PBS and incubated in 4% instant milk in PBS (BLOTTO) with 0.2%
TritonX-100 for 1 hour. Sections were then incubated in neurogranin (Chemicon) diluted
1:500 in BLOTTO overnight at room temperature on an orbital shaker. The following day
sections were washed in PBS 3 times for 10 minutes. After the final wash, the sections

were incubated in a biotinylated anti-mouse secondary (Vector Laboratories) at 1:100 for 1
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hour followed by three 10 minutes washes. Sections were then incubated in HRP-
avidin/biotin complex according to the manufacturer’s protocol followed by a standard
diaminobenzadine reaction to view the immunohistochemical staining. All incubations
were done in 12 well plates. Sections were mounted on to glass slides and after drying
they were dehydrated in graded alcohol starting at 70%, defatted in xylene and

coverslipped with permount solution.

3.3.  Quantification of Neurogranin

Neurogranin Immunostaining for layers 1ll and V was quantified by area fraction
analysis. Thionin sections were employed to identify layers Il and V. Within a defined
sampling box, area fraction refers to the ratio of the area occupied by MAP2-positive
profiles vs. the total area of the box. Area fraction was measured from sections using a
Bioguant Image Analysis system interfaced with an Olympus AX70 microscope and a
Sony 3-chip color camera which relayed the microscopic images to a video monitor. The
sampling box was a square with each side equal to the width of the lamina. Bioquant
software was employed to select pixels within the sampling box that matched threshold
criteria for the neurogranin positive profiles set by the investigator. Threshold was set at
the level that selected the lightest stained cell bodies and dendrites without selecting
background staining. The setting for illumination was kept constant throughout the
analysis. The computer then outlined and summed the thresholded areas and determined
the ratio of stained area to the total area of the sampling box. Every section stained with
neurogranin was used in the data analysis. An average of eight sections per brain was
measured. For each section a total of eight measurements were made for both layer I
and V. The measurements were made along the straight sides of a gyrus so as to have as

little distortion of the lamina as possible. The eight sampling boxes were taken
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consecutively as long as there were no histological artifacts in the tissue and the lamina
could be determined. If there were artifacts in the tissue, then the box was placed at the

next straight edge after the artifact.

Due to variation in the thickness of the original tissue slab the number of sections
available for analysis varied among specimens. All sections, however, were used in the
data analysis. Sixteen sampling boxes were examined per section (8 within layer 11l and 8
within layer V). Area fraction was averaged for all sampling boxes within a particular

lamina for each specimen block.

2.4, Statistical analysis

Standard descriptive statistics were used in all analysis. Calculations and data
analysis were carried out using StatView (V5.0) for Windows (Abacus Concepts
Software/SAS). Neurogranin data were taken from layers Ill and V of areas 9 and 17 and
were expressed as mean for each group, Huntington, schizophrenia and control. A one-
way analysis of variance (ANOVA) was used to test for differences between groups at 95
% confidence limit. Fisher’s post-hoc tests were used to compare the 3 groups. All of the
tissues were prepared and analyzed in matched groups; therefore, we believe that the
ANOVA is a more sensitive test for intergroup comparison. Additionally, a power analysis
of the spine data showed that a minimum sample size of five was enough to yield levels of
significance with a 95 % confidence limit (See Figure 4.1). Similar studies by Garey et al.,
(1998) for spine density measurements used a sample size of four schizophrenics and a

MAP2 study by Arnold et al., (1991) used only six brains.
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Figure 4.1: Power Analysis for Schizophrenia vs Control of Primary Spines of Layer III
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5662 Schizophrenia | Thioridazine (100mg) 52 | F 16 |15
months
5734 Control None NR | NR | NR | NR
5344 Huntington | No med. report Grade 4* 69 | F 26 |17
months
5656 Schizophrenia | No psych. Med. 73 | F 29 |15
months
5805 Control None NR | NR | NR | NR
5464 Huntington | No med. report Grade 4 61 | M| 21 |20
months
5785 Schizophrenia | Depakote(750 mg), Zyprexa 5| 63 | M | 15 |9
mg), Neurontin (200 mg) months
5715 Control None NR | NR | NR | NR
2161 Huntington | Haldol (10 mg) 5 | F 14 1109
months
4942 Schizophrenia | Zypiexa (15 mg), Luvox (50 mg), | 61 | F 14 116
Humibid (1200 mg) months
4810 Control None 62 | M| 16 |12
months
4292 Huntington | No med. report Grade 4 50 | M 5 138
months
3013 Schizophrenia | Chlorpromazine (100 mg),| 62 | M 6 86
Fluphenzarine (10 mg), months
4932 Control None 67 | M| 22 |8
months

Table 4.1: Demographic data for the matched brains used in the neurogranin

project.

NR = No medical report

* All Grade 4 Huntington brains had both behavioral and movement disorders, therefore
they took neuroleptics at some point in their life.

3. Results

3.1 Neurogranin in area 9
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Area fraction means for neurogranin were collected from five Huntington, five
schizophrenics and five controls in both layers Ill and V in area 9 (Figure 4.3 & 4.4). The
data show a significant schizophrenia-associated decrease in neurogranin. Compared to
control there were a 35% (P-value 0.015, SD + 0.015) decrease in neurogranin in layer Il
and 33% decrease (P-value 0.01, SD £ 0.015) in layer V in schizophrenia. The
Huntington’s brains showed a trend toward an increase in both layers when compared to

controls; however, it was not significant (Table 4.2).



Control Schizophrenia

Huntington

Figure 4.2: Photomicrographs showing neurogranin staining in Layer III Area 9 (20X).
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Figure 4.3: Photomicrographs showing neurogranin staining in Layer V Area 9 (20X)
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Figure 4.4: Raw data showing neurogranin area fraction means comparing the five
groups in Area 9 Layer lIl.
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Figure 4.5: Raw data showing neurogranin area fraction means comparing the five
groups in Area 9 Layer V.
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DIAGNOSIS MEANS P-value
i \% [l Vv
Huntington 0.114 0.1 0.098 0.39
Schizophrenia 0.062 * 0.06 * 0.014 * 0.01*
+0.015 +0.015
Control 0.094 0.09 1.0 1.0

Table 4.2: Neurogranin area fraction showing means and P-values for layers lll and
Vin area 9 (n=5)

3.2 Neurogranin in control.

Neurogranin area fraction means for the five groups of brains in area 17 layers Ill and V

showed no significant difference when comparing Huntington, schizophrenia and control

(Table 4.3).
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Figure 4.6: Raw data showing neurogranin area fraction means comparing the five
groups in Layer lll in control.
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Figure 4.7 : Raw data showing neurogranin area fraction means comparing the five
groups in Layer V in control.

DIAGNOSIS MEANS Std. Dev. P-value

1] \% 1] \% I \%
Huntington 0.076 0.076 0.009 0.009 0.15 0.39
Schizophrenia 0.08 0.078 0.007 0.004 0.46 0.66
Control 0.08 0.08 0.009 0.007 1.0 1.0

Table 4.3: Neurogranin area fraction showing means, standard deviation and

P-value for layers Il and V in control (n=5).
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4. Discussion

The present data shows a schizophrenia-associated decrease in neurogranin in
both layers Ill and V as compared to controls which confirms previous findings in our
laboratory. On the other hand, when comparing Huntington Chorea to controls there were
no significant differences seen in both layers Ill and V in area 9. Because there was a
significant decrease in neurogranin in the schizophrenic brains and not in the Huntington’s
brains, suggest that this decrease seen in schizophrenia is probably disease specific and
not and effect of neuroleptic drugs. We believe that because both patient groups show
longterm exposure to antipsychotic medication, that the drug would affect both groups the
same way. This is not the case in this study, only the schizophrenics show a significant
reduction in neurogranin. This schizophrenia-associated decrease in neurogranin has
several implications. First, because neurogranin is localized in the dendritic compartments
and is concentrated in dendritic spines, suggest detrimental effects on dendritic spine
formation and synaptogenesis; thus; there may be neurodevelopmental implications as
was hypothesized in schizophrenia. Secondly, a loss of neurogranin could alter the
calcium-calmodulin signal transduction pathway by allowing excess calmodulin to be
available for binding by free calcium. Therefore, CaM/Ca™ activation of enzymes like
CaMKinase Il in the signaling pathway will be inappropriately regulated. Activation of this
pathway incorrectly will affect how information is processed by the pyramidal cells which
could lead to disturbances in behavior as seen in schizophrenia. Lastly, CaMkinase Il can
regulate the expression of MAP2. Inappropriate regulation of MAP2 will affect microtubule
polymerization and as such dendritic growth and stabilization. Both MAP2 and dendritic
deficits of pyramidal cells in the PFC have been reported in schizophrenia. It is fair to warn
however, that the order of events is difficult to determine whether decreased neurogranin

leads to dendritic and or spine loss or alternatively, decreased dendrites and or spines
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cause a loss of neurogranin. Moreover, in area 17 there were no differences seen in
dendritic or spine measurements in Huntington, schizophrenia or controls in both layers lll
or V. This further support our hypothesis that neuroleptic drugs are not responsible for the
morphological changes observed in the PFC. Together these results provide further

insightful information for both schizophrenia and Huntington Chorea.
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CHAPTER 5

Conclusion

There is consensual support that area 9 of the PFC is a major site perturbed in
schizophrenia. Functionally it is an area involved in cognitive tasks, such as working
memory, which has been shown to be disturbed in schizophrenia. Both imaging and
morphological studies suggest deficits in the ultrastructure of the PFC (Weinberger et
al.,1986; Buchsbaum et al., 1990; Benes 1991; 1993; Pakkenberg 1993; Goldman-Rakic
and Selemon 1995, 1997; Beasley et al., 1997, Glantz and Lewis 1997, Garey et al., 1998;
Harrison 1999; Selemon and Goldman-Rakic 1999;; Buxhoeveden et al., 2000; Glantz et
al 2000; Andreasen 2000; Thune et al., 2001; 2001; Jones et al., 2002; Broadbelt et al.,
2002). Additionally; the PFC is reciprocally connected to the MD nucleus of the thalamus,
an area that has consistently shown to be disturbed in schizophrenia (Andreasen et al.,
1994; Buchsbaum et al., 1996; Byne et al., 1997, 2001, 2002; Jones 1997, Popken et al.,
2000; Young et al., 2000; Brickman et al., 2004). Recently, studies from our lab showed a
schizophrenia-associated decrease in MAP2 in both areas 9 and 32 (Jones 2002) and a
decrease in basilary dendrites in area 32 (Broadbelt 2002). A contentious issue
surrounding these deficits in the PFC is the effects of neuroleptic drugs. The confounding
effects of neuroleptic medication on neurochemical investigations are well known
(Harrison 1999a). Some reports suggest a correlation of antipsychotic dosage and
increased brain atrophy (Madsen et al., 1998) and decreased thalamic volume (Gur et al.,
1998). These macroscopic studies suggest that neuroleptic exposure is a potential
confounding variable in most morphological and neurochemical findings reported in

schizophrenia.
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Several studies have suggested that long-term treatment with antipsychotics might
cause the morphological changes observed in schizophrenia (Benes et al., 1985; Klinzova
et al.,, 1989; Meshul et al.,, 1992). Although these studies were done in rodents with
normal brains, together the data provide good evidence that chronic antipsychotic
treatment induces synaptic plasticity and alters the synaptic ultrastructure. Because
neuroleptics are known to bind dopamine, serotonin and glutamate receptors, they have
the ability to regulate phosphatases via second messenger systems. This in turn can result
in the phosphorylation of many proteins like MAP2 (Lidow 2001). MAP2 being an
important protein in the cytoskeletal scaffolding of neurons, would affect normal dendritic,
spine and synapse formation. Thus, several researchers have suggested that neuroleptic
drugs can cause the morphological changes observed in schizophrenia (Harrison et al.,
2000). Thus, we believed that a detailed analysis of the pyramidal cells and its structural
components in area 9 was warranted to identify the structures compromised and what role

neuroleptic drugs play if any.

The pyramidal cells are the main projection neurons ipsilaterally and contralaterally
as well as to subcortical structures; therefore, they play an important role in information
processing. Our pyramidal cell density measurements showed no significant difference
when comparing Huntington, schizophrenia and control in both areas 9 and 17. This
further corroborates what was reported previously by our lab and other researchers and
because we see no significant differences between the groups (Huntington, schizophrenia
and control) the data suggests that there is no loss of pyramidal cells in both layers Ill and
V in areas 9 and 17. However, there was a small increase in pyramidal cell density in
layers Il and V in the schizophrenic group in area 9. This is similar to what was reported
by Selemon (1995). Not seeing any loss of pyramidal cell does not imply that there are not

changes in non-pyramidal cells which make up about 25% of the neurons in the PFC. We
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did total neuronal density measurements in areas 9 and 17 to see if there are changes in
the total neuronal density. Our data in both areas 9 and 17 showed no significant changes
in total neuronal density in both layers Il and V. However, these cell density
measurements are not designed to detect small changes in cell density which might be a
possibility in schizophrenia. Additionally, because there are no changes in cell density
does not suggest that there are not changes in the structural components of the pyramidal

cells which are the focus of this study.

Previously our lab reported a significant decrease in MAP2, a protein that is a
marker for dendritic lesions in neurons, in areas 9 and 32 of the PFC in schizophrenia
(Jones 2002). In the present study we analyzed eight matched groups (Huntington,
schizophrenia and control) of brains to determine if neuroleptic drugs can cause the
changes observed in our previous study. This study also showed a significant decrease in
MAP?2 in schizophrenia in both layers Il and V in area 9. There were no decreases seen in
area 17 for both layers. In the Huntington brains, layer Il showed a trend toward a
decrease; however, it was not significant. In layer V there was a significant decrease in the
Huntington’s brains compared to controls. We believe that these changes are probably not
an effect of neuroleptic exposure since no changes were seen in Area 17. In the
Huntington’s brains this is supported by the fact that MAP2 and the Huntingtin protein are
closely associated with microtubules, thus possible atrophic interactions. Additionally,
some layer V pyramidal cells project to subcortical areas such as the striatum where there
is gross loss of neurons in Huntington’s disease (Vonsattel et al., 1985).

In schizophrenia, there are several ways to explain the decrease in MAP2. It can
be caused by a decrease in dendritic elements which contain the protein or it can be
caused by a decrease in the expression of the protein or both. Because we see a

decrease in both dendrites and MAP2 suggest that it is probably due to a loss of dendrites.
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MAP?2 is protein that promotes microtubule polymerization and bundling which forms the
cytoskeletal processes of the cell. Therefore, a decrease of this protein would suggest
abnormal dendritic processes as seen in our recent study in area 32. We therefore
decided to test this hypothesis in area 9 of the PFC.

The dendritic tree of a neuron functions as the scaffolding for synapses. We now
know that about 95% of a cell synapses are on the dendrites (Levitt et al., 1993), and the
dendritic spines are the location of about 90% of the excitatory synapses (Levitt et al.,
1993). Therefore, analyzing dendrites and spines provide a good measure for synaptic
density and neuronal connectivity. The present study showed a significant decrease in
primary and secondary basal dendrites in area 9, layers Ill and V, in Schizophrenia
compared to controls. This corroborates what our lab had previously reported in area 32.
Additionally, this study showed no significant difference in primary and secondary basal
dendrites in the Huntington’s brains compared to controls in area 9. Suggesting, that the
loss of dendrites in area 9 in schizophrenia is real and not an effect of neuroleptic
exposure. Similarly, like the MAP2 study we did not see any difference in primary and
secondary basal dendrites in the groups (Huntington, schizophrenia and control) in area
17. Spine counts were done on the primary and secondary basal dendrites in both layer Il
and V in areas 9 and 17. We saw a significant decrease in spines in area 9 on both the
primary and secondary basal dendrites in schizophrenia compared to controls. There was
no significant loss of spines in the Huntington’s brains compared to controls. In area 17,
we saw no significant difference in spine counts on the basal dendrites in both layers. The
loss of spines was seen only in schizophrenia and not Huntington, strongly suggesting that
this is due to the disease process and not an effect of neuroleptic drug exposure. In
addition, we believe that there is a relationship between the loss of dendrites and spines,

and the loss of MAP2. Moreover, a loss of dendrites and spines on these pyramidal cells
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suggest a loss of excitatory input to the cell and information processing causing the type of
problems in working memory as seen in schizophrenia.

It is known that spine morphology is intimately mediated by glutamatergic
neurotransmission and the Ca’ signaling pathway. Neurogranin is a protein that is
involved in this pathway. Like MAP2 it is localized to the cell body, dendrite and spine
compartments of neurons. Previously our lab showed that there is a significant decrease
of neurogranin in schizophrenia. Neurogranin because of its role in the Ca™ signaling
pathway makes it an important link as a functional protein that can effect the structural
organization of spines. In this study, we also showed a significant decrease in neurogranin
in schizophrenia in area 9 in both layers Ill and V. The Huntington’s brains on the other
hand, showed no significant differences compared to controls. Suggesting again, that
these changes seen in schizophrenia are real and not an effect of neuroleptic exposure.
This is further supported by the area 17 data, where no differences were seen when
comparing Huntington, schizophrenia and controls.

In summary, this study was designed to determine if microscopic changes
observed in schizophrenia is due neuroleptic drugs exposure or to neuropsychiatric
diseases. We have analyzed and compared cohorts of Huntington, schizophrenia and
controls in areas 9 and 17. We have analyzed and compared pyramidal cell density, total
neuronal density, dendrites, spines, MAP2 and neurogranin. The data showed significant
decreases in dendrites, spines, MAP2 and neurogranin in schizophrenia in area 9. No
significant differences were seen when comparing density measurements for pyramidal
cells and total neuronal cells in area 9. In Huntington Chorea there were no significant
differences for any of the above parameters measured except MAP2. Similarly, in area 17
there were no significant differences for all the parameters in both Huntington and
schizophrenia compared to controls. Both schizophrenics and Huntington’s patients had

long term exposure to neuroleptic medication. Because all of the tissues in this study were
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matched for age, sex and postmortem interval, we believe that neuroleptic drugs will have
similar effects on both groups. In this study this is not the case for the Neurogranin,
dendrites and spines where a decrease was seen in schizophrenia and not Huntington
Chorea. Therefore, we believe that these decreases seen in schizophrenia are most likely
due to the disease and not an effect of neuroleptic exposure. Furthermore, we believe that
these results are compelling and further support the reduced neuropil hypothesis of
regional cortical pathology in schizophrenia (Figure 6.1). That there is an increase in the
packing density of the neurons and a loss of neuropil structures like dendrites and spines.
Together, these results provide further insightful information for both schizophrenia and

Huntington Chorea.
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Figure 6.1: A diagram depicting the ‘reduced neuropil’ hypothesis of schizophrenia.
The diagram shows a block of normal (upper) and schizophrenia (lower)
dorsolateral prefrontal cortex. (Selemon and Goldman-Rakic, 1999)
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