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C h a p t e r  1  

G e n e r a l  i n t r o d u c t i o n  



S c h i z o p h r e n i a  

Schizophrenia is a severe mental disorder which has a chronic course in the majority of 
patients. The disorder is regarded as the most disabling health condition in the 
Netherlands, and as the third most disabling condition worldwide (Ustun et al 1999). The 
disorder is characterized by disturbances in perception, thought, volition, cognition and 
affect. Most symptoms and signs are commonly categorized as positive and negative 
symptoms. Positive or psychotic symptoms are experiences that are present in patients with 
schizophrenia, while usually absent in healthy individuals, such as delusions, 
hallucinations, disorganized behavior or speech formal disorders of thought (incoherence) 
and ‘catatonic’ movement and behavioral disorders (American Psychiatric Association 
1987). Negative symptoms can be described as absence of functions that are present in 
healthy individuals, such as flattening of affect, anhedonia, avolition, and social 
withdrawal. Cognitive symptoms such as attention and memory problems and problems 
with planning are often also present. Lifetime prevalence of schizophrenia is about 0.8-1% 
and incidence is 0.2-0.4 per 1000 (Mueser and McGurk 2004). Symptoms typically 
appear during adolescence and in young adulthood. Prevalence is roughly equal in both 
sexes, although women are often older when they are diagnosed with schizophrenia and 
clinical presentation is different between men and women (Mueser and McGurk 2004). 

SCHI ZOPHREN IA CON CEPT 
The concept of schizophrenia is only just over 100 years old, although it is very likely that 
the disorder has been present in man for a much longer period of time. The term 
“démence precoce” was first used by Bénédict Augustin Morel (1809-1873) to describe a 
mental disorder which initially struck young males, and eventually led to deterioration of 
mental functioning and disability. The term dementia praecox was used by Emil Kraepelin 
(1856-1926) in the late 19th century to unify three psychiatric disorders at that time 
(paranoia, hebephrenia, catatonia), in one syndrome that shared the characteristics of those 
described by Morel. Eugen Bleuler (1857-1939) changed the name into schizophrenia in 
1908 with some original components of dementia praecox described as subtypes (paranoid, 
disorganized (hebephrenic), catatonic, undifferentiated and residual subtype) which have 
remained largely constant since then. Nevertheless, after about 100 years, these categories 
may disappear in the next edition of the Diagnostic and Statistical Manual of Mental 
Disorders (DSM) and exchanged for symptom dimensions (DSM-5 is currently scheduled 
for 2013).  
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AE TIOL OGY OF  S CHIZOPH REN IA 
The aetiology of schizophrenia is unknown, but the prevailing view today is that genetic 
and environmental factors interact to the development of the disorder. Two major theories 
of schizophrenia are the neurodevelopmental and the dopamine hypotheses. A third model 
which is gaining support is the dimensional model. The neurodevelopmental theory 
directs our attention to early in life, and states that early aberrations in development, 
probably in concert with other risk factors, cause the emergence of schizophrenia at the 
end of adolescence. The most important risk factors are genetic. Overall heritability of 
schizophrenia is estimated at 83% (Cardno and Gottesman 2000), and having an affected 
monozygotic twin sibling (or two affected parents) increases the chance of developing the 
disorder to about 50% (Cardno and Gottesman 2000) while dizygotic twins only have a 
concordance rate of 28%. Children with one affected parent have about 10% chance of 
developing the disorder. On a molecular level, schizophrenia has been associated with 
several types of susceptibility genes, such as neuroregulin, dysbindin, and DISC1 that are 
coding for proteins that play a role in the development of the brain.. A major functional 
susceptibility gene involved in dopamine regulation is the gene encoding for COMT 
(Rapoport et al 2005). Heritability does not appear to follow simple Mendelian single-
gene inheritance patterns, it is more likely that susceptibility genes, each with small effects, 
act in concert with epigenetic and environmental factors (Mueser and McGurk 2004). 
Known environmental risk factors early in life include pre- and peri-natal events (such as 
viral infections and obstetric complications), and cannabis use, urbanicity and social 
isolation during adolescence although effect sizes are small (Mueser and McGurk 
2004;Murray et al 2008). In conclusion, symptoms of schizophrenia are familial and 
heritable, that may interact with environmental factors and there is clear evidence for a 
developmental pathogenesis. 

The dimensional model focuses our attention to the general population. Interestingly, 
mild subclinical psychotic experiences are common in the general population and are 
thought to signal the mild end of a continuum for which psychosis or schizophrenia is the 
extreme end (van Os et al 2000). Subclinical symptoms may also be present in children 
(Poulton et al 2000), and share the risk factors of psychotic symptoms in schizophrenia, 
such as for instance being familial and heritable, associated with early impairments in 
cognitive functioning, linked to premorbid behavioral, emotional, and educational 
problems, urbanicity, low birth weight and perinatal complications (Polanczyk et al 2010). 
Furthermore these ‘quasi-psychotic’ phenomena are associated with an increased risk of 
developing schizophrenia in these children (Cannon et al 2002). Thus there is evidence for 
the dimensional model as subdiagnostic symptoms can be seen in the general adult 
population and in children, which share characteristics of psychotic symptoms in 
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schizophrenia like heritability and familiarity and may progress to psychotic severity later 
in life. 

The dopamine hypothesis finally directs our attention to current symptomatology in 
psychosis and its treatment. The classical dopamine theory was postulated around 40 years 
ago and states that increased dopaminergic function in the mesolimbic pathway may be 
associated with the positive symptoms of schizophrenia, whereas decreased dopaminergic 
function in the mesocortical pathway may be responsible for the negative symptoms. . This 
insight was fueled by the discovery of chlorpromazine in 1950 (Delay et al 1952) and by 
reports that stimulating dopamine release with amphetamines could cause psychosis 
(Connell 1958). Later studies found multiple genes and neuronal pathways leading to 
psychosis with dopamine as the last step in a complex developmental cascade towards 
schizophrenia (Murray et al 2008). The theory was recently amended by Kapur, who 
suggested that excess stimulus-independent striatal dopamine is responsible for 
inappropriate assigning of salience to normal external and internal stimuli (Kapur 2003). 
Delusions may be a top-down cognitive explanation for these experiences of increased 
salience.  

More recently, excess striatal dopaminergic activity in schizophrenia has been hypothesized 
to occur secondary to dysfunctional glutamatergic transmission (Carlsson et al 
2001;Lisman et al 2008). The hippocampus has extensive glutamatergic projections to the 
striatum. When these output neurons are experimentally stimulated, both the number of 
spontaneously active dopaminergic neurons and the amount of dopamine released in the 
striatum are increased (Lodge and Grace 2006). Disinhibition of hippocampal glutamate 
may in turn be caused by loss of hippocampal gamma-aminobutyric acid (GABA) tone 
due to blockade of glutamatergic N-methyl-D-aspartate (NMDA) receptors on 
GABAergic interneurons. Glutamate itself (measured by Proton Magnetic Resonance 
Spectroscopy (1H-MRS)) may also be related to symptomatology in psychosis, 
independently from dopaminergic abnormalities. As medication that modulates 
glutamatergic function has more effect on negative symptoms, and formal thought 
disorder, and dopamine affecting drugs have more effect on positive symptoms, it is 
thought that these systems are responsible for different features of schizophrenia (Stone et 
al 2007). 

MORBID ITY  
Schizophrenia is a severe mental disorder often accompanied with social decline and 
recurrent hospitalizations. Patients are about evenly distributed throughout all social and 
cultural subcultures, and approximately 5% of patients manage to stay employed 
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(Honkonen et al 2007). Outcome is poor in less than 50% of patients and, similarly, 
outcome is also good in less than 50% of patients (van Os and Kapur 2009). As Bleuler 
already had observed in his patients, the course and outcome of schizophrenia is 
characterized by mainly unexplained heterogeneity rather than uniform poor outcome. Of 
schizophrenia patients, approximately 5% dies of suicide, but up to 40% may attempt a 
tentamen suicidii (Palmer et al 2005). Life expectancy is approximately 22½ years shorter 
and patients with schizophrenia have increased health problems as for instance 
cardiovascular events, obesity, metabolic aberrations, smoking and alcohol abuse (von 
Hausswolff-Juhlin et al 2009) compared to the general population. These problems are 
related to the treatment with antipsychotics, the disorder itself and/or lifestyle. 

THE “UL T RA HIGH RIS K”  SYNDROME 
Schizophrenia is usually preceded by a prodromal period before the first psychotic episode, 
starting with non specific symptoms (anxiety, depression), with negative symptoms and 
ending with emerging mild psychotic symptoms, and a decline in psychosocial 
functioning. Researchers in Australia, the USA and Germany developed instruments for 
assessment of symptoms and signs that predicted transition to psychosis in a help-seeking 
young population prospectively (Klosterkotter et al 2001;Miller et al 2003;Yung et al 
2003). Recently, these findings were replicated with transition rates varying from 10-40% 
after 1 to 2 years follow-up (Cannon et al 2008;Ruhrmann et al 2010;Yung et al 2008). 
Patients in these studies were described to have an At Risk Mental State (ARMS) or to have 
an Ultra High Risk (UHR) to develop a first psychotic episode. These studies have defined 
UHR subjects as help-seeking patients with either 1) attenuated psychotic symptoms, 2) a 
genetic risk for schizophrenia plus a recent decrease in functioning, or 3) brief limited 
psychotic symptoms that spontaneously disappear within a week (Miller et al 2003;Yung 
et al 2003). Until now the main problem of the attenuated psychotic symptoms syndrome 
remains the problem of the ‘false positives’; the majority of help seeking patients in the 
UHR state do not develop a first psychotic episode. Currently there is no replicated 
therapy to prevent transition to psychosis. 

A u t i s m  s p e c t r u m  d i s o r d e r   

Autism Spectrum Disorder (ASD) includes autism, Asperger syndrome and atypical 
autism. ASD is an increasingly diagnosed neurodevelopmental disorder affecting up to 
1:100 children (Baird et al 2006). It is thought to be highly genetic (Bailey et al 1995;Frith 
2001) and is characterized by significant difficulties in social interaction, communication, 
and unusual or stereotyped routines and behavior (International Statistical Classification of 
Diseases and Health Related Problems—10th revision). People with Asperger syndrome 
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typically do not have delay in the acquisition of language but they still show the other 
characteristic ‘autistic’ impairments (i.e., difficulties in social interaction and unusual or 
stereotyped routines and behavior). 

It has been suggested that people with ASD are also at increased risk of developing 
psychosis (Petty et al 1984). Autism was initially thought to be an early manifestation of 
schizophrenia, and was often referred to as “schizophrenic syndrome of childhood” or 
“childhood psychosis”. In fact, it was only in 1971 that ASD was finally distinguished 
from schizophrenia (Kolvin 1971). This late division can be understood as symptoms of 
the two disorders overlap phenotypically, such as deficits in social behavior, oddness of 
speech, unusual responsiveness to the sensory environment, isolated skill areas, and 
inappropriate affect. Bleuler named “autism” as one of the four core symptoms of 
schizophrenia (the others being flattened affect, loosening of association and ambivalence 
(Stotz-Ingenlath 2000)).  

The risk for both disorders is influenced by pre- and peri-natal factors as for instance low 
birth weight, maternal infection and fetal stress. On an intermediate phenotype level 
dopamine antagonists help to alleviate certain symptoms in both disorders, and 
neurophysiologically both share markers such as impaired stimulus filtering as measured by 
prepulse inhibition (PPI) (Kumari et al 2008;McAlonan et al 2002;Perry et al 2007). 
Furthermore, structural neuroimaging studies suggest that lower grey matter volumes 
within limbic-striato-thalamic circuitry are common to both ASD and schizophrenia 
(Cheung et al 2010).  

On a genetic level there are also similarities between ASD and schizophrenia. Both have 
heritability estimates of around at least 80%, and inheritance is complex with multiple 
genetic and environmental factors influencing the chance of developing the disorders. 
Single Nucleotide Polymorphisms (SNP’s), copy number variations (CNV’s) e.g. NRXN1 
and specific rare loci and alleles are associated with increased risks for ASD and 
schizophrenia (Carroll and Owen 2009). 

Nevertheless there are apparent differences between ASD and schizophrenia. ASD is 
usually diagnosed in childhood and is clearly a developmental disorder with symptoms 
typically coming to attention of parents and doctors from two years of age. Schizophrenia 
may have some symptoms and signs in the premorbid phase as stated above, but is usually 
diagnosed in the late teens or early twenties, although prodromal symptoms often start two 
to five years earlier (Hafner et al 1992). People with ASD usually have intellectual 
disabilities, whereas this is not the case with schizophrenia. Also there are numerous 
genetic risk loci that differ between them and specific differences in imaging studies. 
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As symptoms overlap, it can be difficult to differentiate between ASD and psychosis. 
Previous diagnostic classifications also specifically excluded the presence of both disorders. 
Nevertheless there is growing consensus that diagnosis of psychosis in ASD is warranted 
and 14 – 34% of ASD patients have been reported to have a co-morbid psychotic disorder 
(Mouridsen et al 2008;Stahlberg et al 2004;Tsakanikos et al 2007). Certain specific 
subtypes of ASD (although not incorporated in DSM-IV) like multiple complex 
developmental disorder (McDD) are also associated with an increased risk of developing 
psychosis, with risk between 22% and 64% (Sprong et al 2008;van Engeland and van der 
Gaag 1994). One could therefore tentatively state that ASD patients, as UHR patients, are 
at clinically or even at ultra high risk to develop psychosis.  

I m a g i n g  

DT-MRI 
Diffusion Tensor Magnetic Resonance Imaging (DT-MRI) is a brain imaging technique, 
which has been widely used to study white matter (WM) in chronic and in first episode 
schizophrenia (Basser et al 1994). DT-MRI can be used to investigate orientation and 
integrity of WM tracts. This is achieved by measuring the amount and direction of water 
diffusion, which can be isotropic (the same amount in every direction) or anisotropic. 
Diffusion of water molecules in WM tends to be greater along the direction of WM tracts 
and thus predominantly anisotropic, with the degree of anisotropy in a particular tissues 
often being quantified through its fractional anisotropy (FA) value. The degree of 
anisotropy depends on a number of factors, for instance, myelination, fibre diameter and 
density. It is thought that a lower FA is indicative of lower connectivity or integrity of 
WM tracts (Basser 1995;Beaulieu 2002;Pierpaoli and Basser 1996).  

Studies have reported significantly lower FA of widespread brain regions in patients with 
chronic schizophrenia (Konrad and Winterer 2008). Furthermore, first episode patients 
were also reported to have significant localized FA reductions, but to a lesser extent than 
chronic patients (Friedman et al 2008). Recently there have been reports of WM 
abnormalities in genetic and clinical high risk samples although structural changes have 
not been consistent across studies. It may thus be that WM abnormalities are present 
before the onset of frank psychosis.  

White matter has also been researched in ASD. It has been proposed that ASD is a 
‘connectivity disorder’ (Frith 2004) and that people with ASD have local overconnectivity 
but reduced long range (global) connectivity (Just et al 2004). Previous studies have also 
shown that children with autism have specific reductions of FA (Alexander et al 
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2007;Barnea-Goraly et al 2004;Keller et al 2007;Lee et al 2007). In addition, it has been 
suggested that brain abnormalities may increase with age, or are ‘exponentially 
distributed”. This would infer that abnormal brain development may persist into 
adulthood. It would thus be interesting to study adult patients with ASD. Of the ASD 
subtypes, most research has been done on normal or high functioning autism, while 
Asperger syndrome has been much less studied. 

NU CL EAR IM AGIN G 
Nuclear imaging (scintigraphic) techniques such as Positron Emission Tomography (PET) 
and Single Photon Emission Computed Tomography (SPECT) are used to provide 
information about the central dopaminergic system. Using radiotracers that label 
dopaminergic receptors, dopamine transporters or enzymes involved in dopaminergic 
metabolism, these imaging techniques enable direct measurement of the dopaminergic 
system. These techniques have shown direct evidence of disruption of dopaminergic 
neurotransmission in the striatum of patients with schizophrenia. For instance [18F]-
DOPA PET studies showed increased presynaptic striatal DOPA uptake in schizophrenia 
(Howes et al 2007). Also increased striatal [18F]-DOPA uptake has recently been 
demonstrated in UHR patients (Howes et al 2009) and in first degree relatives of patients 
with schizophrenia (Huttunen et al 2008). This suggests that dopaminergic abnormalities 
are present in subjects that have not (yet) developed psychosis but are at increased (genetic) 
risk to do so. 

[123I]-IBZM SPECT is used to measure the amount of dopamine D2/3 receptors. As 
receptors can be occupied by endogenous dopamine in normal circumstances, only a 
portion of D2/3 receptors can be measured by a baseline SPECT (i.e., the free receptors 
available to bind to the radiopharmaceutical IBZM). Removing endogenous dopamine 
from the receptors, and performing a second (depletion) IBZM SPECT scan, provides 
information on the “total” amount of D2/3 receptors. Furthermore subtracting the baseline 
from the depletion SPECT scan provides information on the amount of occupancy of the 
D2/3 receptors by endogenous dopamine in baseline condition. Dopamine can be depleted 
with alpha-methyl-para-tyrosine (AMPT), which is a competitive and reversible inhibitor 
of tyrosine hydroxylase, the rate-limiting enzyme of catecholamine synthesis.  

Dopamine depletion studies showed increased occupancy of postsynaptic striatal 
dopamine D2/3 receptors by endogenous dopamine in patients with schizophrenia 
compared to controls (Abi-Dargham et al 2000;Abi-Dargham et al 2009;Kegeles et al 
2010). Interestingly, studies using a dopamine stimulation challenge instead of dopamine 
depletion show increased dopamine release after amphetamine-induced dopamine 
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stimulation (Abi-Dargham et al 2009;Laruelle et al 1996). This increased release is 
correlated to the increased occupancy by endogenous dopamine in the same patients (Abi-
Dargham et al 2009). In conclusion, challenge and non-challenge studies show evidence 
for dopaminergic abnormalities in schizophrenia and there is preliminary evidence from 
non-challenge studies that UHR patients already have dopaminergic abnormalities. 

A i m  a n d  o u t l i n e  o f  t h e  t h e s i s  

The overall aim of the studies described in this thesis was to increase our knowledge on the 
brain structure and function that may be underlying early schizophrenia and ASD. We 
focused on these groups of patients as they are thought to be at increased or at ultra high 
risk for developing psychosis and expected to find brain changes preceding the 
development of psychosis. We used various imaging techniques such as IBZM SPECT, 
structural MRI, DT-MRI and 1H-MRS, and thus looked at dopaminergic and 
glutamatergic function, brain morphometry and connectivity. We also related clinical 
symptoms to imaging findings where possible. 

In Chapter 2 we discuss the UHR concept and review therapeutic strategies in patients 
with an ultra high risk to develop psychosis. In Chapter 3 we perform a DT-MRI study in 
UHR patients and describe WM abnormalities in UHR patients who later develop 
psychosis, compared to UHR patients who do not develop psychosis and also include age, 
gender and IQ matched healthy controls. Chapter 4 is a review of challenge studies in 
neuropsychiatric disorders using AMPT in vivo. All reported clinical and therapeutic 
effects as well as side effects of AMPT are discussed. Chapter 5 reports on striatal dopamine 
D2/3 receptor binding following dopamine depletion with AMPT in subjects at ultra high 
risk for developing psychosis compared to age, gender and IQ matched healthy controls. 
In Chapter 6 we discuss the relationship between hippocampal glutamate levels and striatal 
dopamine D2/3 receptor availability and occupancy by endogenous dopamine in UHR 
subjects and controls in response to a recently published report of a presynaptic 
relationship between dopamine and glutamate. In Chapter 7 we compare people with 
autism and psychosis to people with autism without psychosis and to healthy controls and 
report on structural brain differences between these groups. In Chapter 8 we perform a 
DT-MRI study and compare white matter integrity of adults with Asperger syndrome to 
age, gender and IQ matched healthy controls. In Chapter 9 we summarize the findings of 
the studies of this thesis. Implications and limitations are discussed and we look at future 
directions in research. 
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