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Abstract

Schizophrenia is a chronic psychotic disorder that remains a considerable cause of global disease
burden. Cognitive impairments are common and contribute significantly to the morbidity of the
disorder. Over the last two decades or so molecular imaging studies have refined understanding of
the pathophysiology underlying the development of psychosis and cognitive impairments. Firstly
they have consistently implicated presynaptic dopaminergic dysfunction in the disorder, finding
that dopamine synthesis capacity, dopamine release and baseline dopamine levels are increased in
the illness. Secondly recent findings show that dopamine synthesis capacity is elevated in those
that go on to develop psychosis in the following year, but not in those that do not, and appears to
increase further with the development of psychosis. Thirdly evidence links greater dopamine
synthesis capacity to poorer cognitive performance and altered frontal cortical function measured
using functional imaging during cognitive tasks. Finally they have provided data on the nature of
other neurofunctional alterations in the disorder, in particular in the serotonergic system and
neuroinflammation. We review these findings and discuss their implications for understanding the
neurobiology of psychosis and cognitive impairments in schizophrenia.
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Introduction

Schizophrenia is amongst the most common of the severe mental illnesses [1;2], and one of
the top ten causes of global disease burden amongst adults [3]. It is a chronic psychotic
disorder with a lifetime prevalence of about 0.7%, primarily affecting adults, and having a
peak age of onset in the early twenties in men, and three or four years later in women [4].
Women show a later second peak around the time of the menopause, although the lifetime
risk for men and women is about equal [4]. In addition to the considerable morbidity and
high mortality rate associated with schizophrenia, the health and social care costs for the
illness are substantial: equivalent to about 1.6% of the health care budget in the United
Kingdom each year, for example [5-7].
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There are no pathognomic features, or definitive diagnostic tests, for schizophrenia and its
symptoms may be seen in other physical or mental illnesses [8]. The typical symptoms have
been categorised into ‘positive’ and ‘negative’ symptom clusters. ‘Positive symptoms’, such
as hallucinations, delusions and thought disorder, are features of psychosis, whilst alogia,
apathy, anergia, and self-neglect are typical of ‘negative symptoms’ [9]. In addition patients
typically show cognitive impairment, with average performance generally 0.5-1.5 standard
deviations that of matched controls on a range of cognitive tasks [10].

The pathophysiological basis of schizophrenia is complex, and remains incompletely
understood [11;12]. However, better understanding the molecular processes underlying the
symptoms of the illness is likely to be essential for improving the use of current drug
treatments and to develop new and preventive therapies- as has recently been highlighted
[13;14].

Positron emission tomography (PET) and single-photon emission computerised tomography
(SPECT) are techniques that have provided /7 vivo data on a number of the neurochemical
processes thought to underlie schizophrenia. The availability of selective radiotracers for
monoaminergic and several other systems allows has been particularly useful to enable
pathophysiological theories of the illness to be investigated. Over the last two decades or so,
considerable advances in PET/SPECT technology and its increasingly widespread
application has enabled the major aspects of the dopamine hypothesis of schizophrenia to be
tested and refined [15]. This review thus focuses on the dopaminergic system, but also
considers the role of other brain systems in schizophrenia where there is /n vivo evidence
from molecular imaging studies.

Dopaminergic dysfunction in schizophrenia

The dopamine hypothesis of schizophrenia has been one of the most enduring theories of the
pathoaetiology of schizophrenia, and with good reason: several decades of research have
served to implicate dysregulated dopaminergic neurotransmission in the disorder [16]. The
idea that dopaminergic dysregulation was a central mechanism in the development of
schizophrenia initially arose from indirect findings. Firstly, studies of the effects of
psychostimulants such as amphetamine, which increases extracellular concentrations of
dopamine, found that they can induce psychotic symptoms akin to those seen in
schizophrenia (see review [17]). In contrast studies of reserpine, which leads to reduced
dopamine neurotransmission [18], found it reduced the symptoms of psychosis, further
supporting a causal link between dopamine and psychosis, if not schizophrenia. Studies of
dopamine metabolites in the plasma and cerebro-spinal fluid of patients with schizophrenia
initially seemed to support this link as well, but it became apparent that the interpretation of
these findings is complex, not least because levels of these chemicals also reflect the
degradation of other transmitters and, in the case of plasma levels, a substantial contribution
from monoamines produced outside of the CNS. The dopamine hypothesis really developed
with the discovery that all antipsychotic drugs blocked dopamine receptors, and particularly
when, in the 1970s, it was found that the clinical effectiveness of antipsychotic drugs was
directly correlated their affinity for dopamine receptors [19;20]. Following this discovery,
the hypothesis focussed on dopamine receptors, proposing that receptor density was
increased and schizophrenia developed as a consequence of this [21;22].

Consequently molecular imaging studies first focussed on whether D2 receptor density was
altered in schizophrenia. There have now been over twenty-two molecular imaging studies
in antipsychotic free or naive patients, and, although there have been some inconsistencies,
meta-analysis indicates that overall there is an elevation in D2 receptor density in
schizophrenia, but the effect size is small [23]. As the radiotracers used in these studies also
show appreciable affinity for D3 receptors, this could also reflect some contribution from
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D3 alterations. However, the elevation seems to be specific to D2/3 receptors - striatal D1
receptor densities are unaltered [23-26]. The D2 receptor may exist in two intraconvertible
affinity states- one with a high affinity and the other with a relatively low affinity for
agonists. One suggestion has been that the balance between these two states is altered in
schizophrenia [27]. The development of agonist radiotracers has enabled this to be tested-
the first study to date finding no difference, indicating that the balance of high and low
affinity states is not altered in schizophrenia [28].

Overall the studies of dopamine receptors to date indicate that whilst there is a small
elevation in D2/3 receptors the abnormalities are not marked. Consequently subsequent
attention has focussed instead on other aspects of dopaminergic neurotransmission: the
presynaptic synthesis and release of dopamine into the synapse. Dopamine synthesis
capacity can be measured using radiolabeled- ~dihydroxyphenylalanine (L-DOPA), which is
converted into dopamine and stored in presynaptic vesicles ready for release (see review
[29]). Seven out of the nine studies to use this technique to date, including all of the studies
where patients were acutely psychotic, have found striatal dopamine synthesis capacity to be
elevated in schizophrenia with large effect sizes (in the range 0.6-1.6; see review [30]). The
next step in dopaminergic neurotransmission is the release of dopamine into the synapse.
Striatal dopamine release can be indexed using molecular imaging with radiotracers such as
[11C]raclopride or [123I]IBZM. These radiotracers show reduced binding following
dopamine release (and increased binding when dopamine levels are depleted). The
competition model accounts for these changes as reflecting the competition between the
radiotracer and dopamine to bind to dopamine receptors. Whilst this model is likely to be a
simplification, animal studies have found that changes in radiotracer binding do correlate
with alterations in extracellular dopamine levels measured using other techniques. Many of
the studies using this approach have applied a pharmacological challenge such as
amphetamine to probe dopamine release capacity. In schizophrenia the radiotracer
displacement following amphetamine has been consistently found to be much greater than
that in controls, with effect sizes over 1 [31-33]. The average extent of radiotracer
displacement in schizophrenia was more than 100% greater than that in controls, and was
directly correlated with the transient worsening of psychotic symptoms induced by
amphetamine. Interestingly there is some evidence that this is phase specific- the elevation
was most apparent in acutely psychotic patients, and much less marked in stable remitted
patients. Another approach is to image the change in radiotracer binding after depletion of
presynaptic dopamine stores using a drug such as alpha-methyl-para-tyrosine, which blocks
dopamine synthesis and reduces extracellular dopamine levels. Studies using this dopamine
depletion technique have found that baseline occupancy of D2 receptors by dopamine is
elevated in schizophrenia, indicating that extracellular dopamine concentrations are also
increased at baseline [34]. Together, these studies provide compelling evidence that
presynaptic dopamine availability and dopamine release are increased in schizophrenia.
Although at a lower level, increased dopamine availability and release has also been
observed in subjects who are at increased risk of developing schizophrenia and who
experience mild schizophreniform symptoms, suggesting this dopamine dysregulation may
also underlie the development of the illness [35;36].

Animal studies, including in non-human primates, have shown that projections to and from
the striatum are topographically organised. Thus limbic cortical areas are linked to ventral
and anterior parts of the striatum, whilst projections to and from the sensory and motor
cortical regions are localised in more dorsal and posterior striatal regions, and connections to
and from associative cortical areas are localised in between. The anatomical localisation of
the dopaminergic dysfunction in schizophrenia was initially hypothesised to be mesolimbic,
which would suggest the dopaminergic dysfunction would be particularly marked in the part
of the striatum that is linked to limbic areas. Limited resolution prevented the early
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molecular imaging studies from testing this, but subsequent improvements in scanner
technology have enabled these striatal sub-divisions to be reliably imaged. Using a high
resolution scanner, we indexed dopamine synthesis capacity in these striatal sub-regions in
schizophrenia and compared it to controls. In contrast to the prediction from the mesolimbic
hypothesis, the localisation of the dopaminergic dysfunction was most apparent in the part
of the striatum linked to associative cortical areas, rather than limbic areas [35]. This
associative localisation of the dopaminergic dysfunction in schizophrenia has been
subsequently reported in another study using a dopamine depletion approach [37]. This links
the dopamine abnormality in schizophrenia to cortical regions such as the dorso-lateral
prefrontal cortex that have been implicated in the cognitive dysfunction that is commonly
seen in the disorder.

Dopaminergic abnormalities in the prodrome to schizophrenia

What is not apparent from the findings discussed above is whether these abnormalities are
secondary to the development of psychosis in schizophrenia, or whether they predate and
lead to the onset of psychosis, as has been hypothesised [15]. We sought to test this key
tenet of the dopamine hypothesis by imaging dopamine synthesis capacity in people at
clinical ultra high risk of going on to develop a psychotic disorder, predominantly
schizophrenia, within the next one-two years [35]. These individuals, none of whom were
diagnosed with a mental illness, all presented with subtle clinical signs and symptoms that
indicate they are likely to be in the prodromal phase of schizophrenia. These prodromal
signs of schizophrenia include attenuated psychotic experiences, such as odd beliefs and
low-level paranoia, and unusual perceptual experiences. One common symptom cluster has
been termed the Truman sign-after the film “ 7he Truman Show”- and is characterised by the
nagging sense that the world has changed in some disquieting way coupled with the feeling
that something significant is about to happen [38]. Individuals in the sample also commonly
described subtle subjective and objective cognitive difficulties which impaired their social
and occupational function. They all met standardised criteria for being at ultra high risk of
psychosis. About one in three people meeting these criteria go on to develop a psychotic
disorder, with the vast majority of casing developing a psychotic disorder in the following
two years.

In our first study we found that dopamine synthesis capacity at presentation was elevated in
a sample of 24 individuals with these at risk signs compared with matched controls [35].
Furthermore greater dopamine synthesis capacity was associated with greater symptom
severity at presentation. We also found that the dopaminergic dysfunction was most evident
in the associative part of the striatum, just as we had found in schizophrenia [35]. Cognitive
impairments have been reported in people presenting at clinical risk of psychosis and
impairments in performance on verbal fluency and other tasks of executive function appear
to be particularly marked [10]. Based on this we tested verbal fluency performance in the at
risk individuals and found an indirect relationship between verbal fluency performance and
striatal dopamine synthesis capacity: greater dopamine synthesis capacity was associated
with worse performance on the verbal fluency task.

We subsequently enlarged this cohort and conducted repeated clinical assessment to
determine their subsequent clinical outcome. About one in three of the subjects have
developed a psychotic disorder (almost all meeting DSM-IV criteria for schizophrenia) after
clinical follow-up for over two years. We found that compared to matched controls, baseline
dopamine synthesis capacity was elevated in the individuals who subsequently developed
psychosis [39]. In contrast, those individuals who did not go on to develop psychosis
showed no difference in dopamine synthesis capacity from controls, and showed
significantly lower dopamine synthesis capacity than individuals who went on to develop
psychosis.
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Furthermore, dopamine synthesis capacity was associated symptom severity in those who
went on to develop psychosis, but showed no relationship with symptom severity in those
who did not go on to develop psychosis. We also sought to determine if there was a change
in dopamine synthesis capacity associated with the development of psychosis. Individuals at
clinical high risk of psychosis were scanned at presentation and again after they developed
the first psychotic episode, or, in the case of the at risk individuals who did not develop a
psychotic disorder, after the high risk period. In this study we found that there was a
longitudinal increase in dopamine synthesis capacity from presentation to the first psychotic
episode [40]. Thus these findings indicate that dopamine synthesis capacity is elevated in the
prodromal phase of schizophrenia, is linked to the symptoms, and increases with the
development of the first psychotic episode.

In summary, it is apparent from the studies reviewed above that the most consistent body of
molecular imaging research implicates the presynaptic side of dopamine neurotransmission.
Furthermore the effect sizes tend to be much larger for the measures of presynaptic
dopamine dysfunction than those of the D2/3 receptors, and evidence suggests that this may
preferentially impact on associative cortical circuits.

How these dopaminergic abnormalities translate into the symptoms seen in the clinic still
remains to be fully explained. However, one model has recently been described [16;41]. It is
based on the extensive animal literature describing the role of dopamine in learning the
contingencies between the presence of environmental stimuli and rewarding or aversive
events. The model proposes the dopaminergic dysfunction in schizophrenia results in
dopamine release occurring in the absence of relevant stimuli. This, it is proposed, would
result in the aberrant attribution of salience to innocuous stimuli, which would explain
clinical phenomena seen in the development of schizophrenia such as the Truman sign, and,
over time, forms the basis of delusions and other psychotic symptoms.

Whilst the consistent findings of abnormal presynaptic dopaminergic function in
schizophrenia suggest that this could lead to a diagnostic test, PET and SPECT scans have
not proven sufficiently sensitive to be used diagnostically in the past. However, hew
approaches to analysing imaging data using multivariate inputs and neural network analysis
have been found to offer high specificity and sensitivity in identifying people with
schizophrenia [42]. These developments, together with improvements in scanner resolution,
suggest that imaging may be used diagnostically in the future.

The link between dopaminergic dysfunction and cognitive impairment

A large body of evidence indicates that prefrontal dysfunction may underlie aspects of the
cognitive impairment, in particular working memory function, seen in schizophrenia (see
meta-analyses by Lee et al [43] and Glahn et al [44]). Over the past few years it has become
evident that both alterations in prefrontal activation [45] and impairments in working
memory [46] are already present in people at clinical high risk of psychosis [47].
Furthermore, the severity of working memory impairments may predict the subsequent onset
of schizophrenia in clinical high risk subjects [48]. Working memory is normally mediated
by a distributedneural network that includes the parietal and prefrontal cortices (for meta-
analyses see Wager et al [49] and Owen et al [50]), with consistent engagement of
dorsolateral prefrontal regions [50]. Working memory function is normally modulated by
central dopaminergic activity [51;52]. For example, systemic administration of dopamine
agonists enhances working memory performance [53] and modulates task dependent
neuronal activity within the prefrontal cortex [54;55]. In Parkinson’s disease [53] and in
animal models [56], the loss or depletion of dopamine neurons is associated with impaired
performance. Furthermore prefrontal function during working memory tasks appears to be
most efficient at a particular level of afferent dopaminergic activity, and suboptimal if
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dopaminergic activity is either too low or too high [57]. This particular relationship can be
described as following an inverted U shaped curve [57].

We sought to test the relationship between dopaminergic function and prefrontal functioning
in subjects at clinical risk for psychosis using a multimodal PET-fMRI. Subjects received an
[18F]-DOPA PET scan of dopamine synthesis capacity and functional magnetic resonance
imaging during a working memory task [58]. We found that there was a negative
relationship between prefrontal activation during the working memory task and striatal
dopamine synthesis capacity in the subjects at clinical risk for psychosis, whereas in
matched healthy controls, the correlation was positive. When clinical high risk subjects and
controls were combined in one sample, there was a quadratic relationship between striatal
dopamine synthesis capacity and prefrontal activation. Thus, prefrontal activation was
maximal in subjects with mid-range levels of dopamine synthesis capacity, but less marked
in subjects in whom dopamine function was either relatively low, or relatively high. This
relationship parallels the inverted U relationship between prefrontal cortical function during
working memory tasks and afferent dopamine activity as described in experimental animals
and in healthy human subjects [52;57;59]. The finding that prefrontal function is related to
striatal dopamine synthesis capacity in controls as well as in patients, and that the
relationship in both groups follows a quadratic relationship, suggests that the same
mechanism underlies working memory in controls and clinical high risk subjects. Our results
extend previous findings in patients with established schizophrenia [60;61], by showing that
an alteration in the relationship between prefrontal cortical function and striatal dopamine
synthesis capacity is evident when people have prodromal symptoms, prior to the full
clinical expression of the disorder.

The cross-sectional nature of our study and those in established schizophrenia mean the
direction of causality between the prefrontal and striatal findings can not be determined.
Basic research indicates that activity in dopaminergic projections to the striatum is
influenced by the prefrontal cortex [62;63]. A primary dysfunction of prefrontal cortex could
thus underlie cognitive impairments and lead to increased subcortical dopaminergic activity
[60] and the development of psychosis. However, selective disruption of dopaminergic
neurotransmission in the striatum in mice can impair working memory performance and
alters dopamine levels and D1 receptor activation in the prefrontal cortex [64], suggesting
that changes in striatal dopaminergic neurotransmission can have secondary effects in
prefrontal cortex. Overall the preclinical evidence indicates that either direction of causality
is possible. Of course, it is also possible that another factor underlies both (see [65;66] and
the sections below and in the review by Egerton et al in this issue). Nevertheless, these
findings highlight presynaptic dopaminergic dysfunction as a target for drugs to ameliorate
the cognitive impairments seen in schizophrenia.

Serotonin (5-HT) and Schizophrenia

The idea that serotonergic alterations might have a role in the pathophysiology of
schizophrenia initially developed from several indirect findings. Firstly the observation that
Lysergic Acid Diethylamide (LSD), a psychedelic agent which shares structural similarities
with 5-HT, can cause schizophrenia-like symptoms such as hallucination and perceptual
abnormalities. This led to the hypothesis that psychosis may be caused by brain serotonergic
dysfunction [67-69]. However the findings from the LSD studies were later found to be
more complex to interpret, not least because some of the effects of LSD on 5-HT receptors
result in enhanced glutamate transmission [70]. Secondly a number of the second generation
antipsychotic drugs were found to have higher affinity for 5-HT receptors than dopamine
receptors [71]. Thirdly studies of 5-HT metabolites in the plasma and cerebro-spinal fluid
have found evidence of alterations in schizophrenia (see review: [72]).

Curr Pharm Des. Author manuscript; available in PMC 2013 May 24.



syduasnue|A Joyiny siapun4 JIAd adoin3 ¢

syduosnuelA Joyiny sispun4 DA @doing ¢

Howes et al.

Page 7

Although there is evidence for there being 14 sub-types of the 5-HT receptor [73], the main
PET tracers that have been used to investigate the serotonin system in schizophrenia have
targeted the 5-HT2A and 5-HT1A receptors and the 5-HT transporter (5-HTT).

The 5-HT2A receptor is located post-synaptically and widely distributed throughout the
brain with high density in neocortical areas and relatively low density in subcortical areas
such as striatum, caudate nucleus, thalamus, and pons. The majority (11 out of 15) of post-
mortem 5-HT2A studies in schizophrenia show decreased binding in frontal cortex (see
review in: [74]). However the results of 5-HT2A imaging studies have been inconsistent:
four studies reported no difference [75-78], whilst two studies found decreased frontal
cortex 5-HT2 availability in medication-free patients with schizophrenia compared to
healthy control subjects [74;79]. Several of the negative studies have either used radiotracers
with relatively low selectivity for SHT2A receptors, or had relatively small sample sizes and
so may have been under-powered. In this respect, Rasmussen et al, who earlier reported no
change (n=15) [78], found about 10% decreased frontal cortex BP when they included more
first episode medication-naive patients (n=30) [74]. Finally Hurleman et al studied a
relatively small group (n=14) of young people who were at high risk of psychosis and found
decreased 5-HT2A availability in some regions [80]. Whilst this result warrants replication,
the study highlights that serotonergic alterations may predate the onset of psychosis.

5-HT1A receptors are present pre-synaptically on 5-HT cell bodies and dendrites in mid-
brain and brainstem raphe nucleus and act as autoreceptors. They are also localised post-
synaptically, particularly in the hypothalamus, hippocampus, limbic and neocortical areas.
Preclinical evidence suggests that 5-HT acts on 5-HT1A receptors to exert negative
feedback on neuronal firing and thus maintains homeostatic control. The PET radiotracer
[11C]-WAY 100632 has been used to index SHT1A receptors in schizophrenia. The first
study found increased cortical 5-HT1A availability- up to 20% in medial temporal areas- in
14 antipsychotic drug—naive patients with schizophrenia [81]. In contrast, Yasuno et al
found a decrease in 5-HT1A availability in eleven schizophrenia patients who were either
drug-naive or drug free [82]. Two other studies however reported no difference between
patients and controls (n=22 medication-free) [83] and (n= 11 medicated) [84].

The 5-HT transporter plays a key role in regulating synaptic 5-HT neurotransmission. The
two studies that have investigated the 5-HT transporter binding in schizophrenia have found
no difference in 5-HTT availability compared to healthy control subjects [85;86] indicating
that serotonin reuptake is not altered in schizophrenia. One key issue that remains to be
investigated is whether serotonin release is altered in schizophrenia. It has proven difficult to
reliably image serotonin release /n vivo in man, but radiotracers currently under evaluation
may enable this in the future.

Glutamatergic alterations and schizophrenia

Clinical observations that drugs such as ketamine that block N-methyl-D-aspartate (NMDA)
type glutamate receptors result in transient schizophreniform symptoms led to proposals that
a primary NMDA hypofunction underlies schizophrenia [87]. The investigation of NMDA
receptor function in schizophrenia using molecular imaging has been limited by the
relatively low brain penetration and receptor specificity of the radiotracers available,
although more specific tracers are under development [88]. To fully understand the nature of
glutamatergic alterations it will also be necessary to image glutamate levels. A recent study
in baboons that suggests that molecular imaging may be used to do this /n vivo [89].
Although this method has yet to be tested in man and requires further validation, it is a
promising new approach that has the potential to greatly extend understanding of
glutamatergic alterations in schizophrenia (see Egerton et al in this issue for a further
discussion of glutamatergic dysfunction in the disorder).
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Inflammation, microglia and Schizophrenia

Microglial cells are found throughout the CNS and activate in response to neuronal injury
and inflammation. It has been proposed that microglial dysfunction may underlie the
development of schizophrenia [90]. Post-mortem studies have demonstrated increased levels
of activated microglia in patients with schizophrenia compared with controls [91;92].
Microglia show an increase in the expression of peripheral benzodiazepine receptor (also
known as the translocator protein) sites when they undergo activation. The radiotracer [11C]-
PK1195 is selective for this binding site and has been widely used in PET studies of CNS
inflammation.

Three PET studies with sample sizes from 7 to 16 have found increased [*1C]-PK1195
binding in medicated patients with psychotic illnesses, predominantly schizophrenia. Van
Berckel et al [93] found a global increase in [11C]-PK1195 grey matter binding in patients
with schizophrenia who were within 5 years of onset of illness (n=10) with an effect size of
0.84. Banati et al [94] found increased [11C]-PK1195 binding in schizophrenia across frontal
and temporal regions. The largest effect size in the cortex was 2.5, for the superior frontal
lobe, although there was also a large elevation in caudate of patients. Patients in this study
(n=16) were a mixture of chronic and acute patients who were taking a range of
antipsychotic medications. Finally, Doorduin et al [95] found evidence for an increase in
activated microglia in the hippocampi of patients with schizophrenia (n=7). These studies
thus indicate that there is increased microglial activation in schizophrenia which could be in
response to prior or on-going neuronal injury or inflammation.

Conclusions and Future Directions

This review has highlighted key findings from functional imaging studies that have
considerably advanced understanding of the neurobiology of psychotic disorders.
Presynaptic striatal dopaminergic dysfunction is a consistent and widely replicated finding
in PET and SPECT studies of schizophrenic molecular pathology. However, serotonergic
alterations are much less consistent, and there is currently little or no molecular data on a
number of other key neurotransmitter systems. The development of techniques to reliably
image the release of serotonin and glutamate is an area of active research and will be
invaluable in refining understanding of the pathophysiology of psychotic disorders. It is
apparent that changes in dopamine synthesis capacity and stimulated dopamine release are
consistently reported across different schizophrenic patient populations and experimental
settings, whilst alterations in the density of post-synaptic D2/3 receptors are less marked.
This implicates presynaptic dopaminergic dysfunction as the major dopaminergic
abnormality in schizophrenia. Presynaptic dopaminergic dysfunction may therefore provide
a practical biomarker for diagnosis of schizophrenia. Recent studies also indicate that
microglial activation is increased in schizophrenia, suggesting that neurocinflammation may
constitute part of the pathophysiology of the disorder. The evidence that elevated dopamine
synthesis capacity is evident in the prodrome to schizophrenia and increases further the
development psychosis provides a neurobiological target for preventive intervention.
Furthermore, abnormal dopamine synthesis capacity in prodromal psychosis is associated
with prefrontal dysfunction, accounting for the neurocognitive impairments observed in this
phase of the disease. The high sensitivity and specificity of PET imaging for schizophrenia
using the neural net approach suggests that this may be a useful biomarker to predict who
will go on to develop psychosis, enabling intervention to be targeted on those truly at risk .

LIST OF ABBREVIATIONS

CNS Central Nervous System
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DSM-1V Diagnostic and Statistical Manual of Mental Disorders Fourth Edition

FMRI Functional Magnetic Resonance Imaging
IBZM lodobenzamide
L-DOPA L-dihydroxyphenylalanine

LSD
MRI

Lysergic Acid Diethylamide
Magnetic Resonance Imaging

NMDA N-methyl-D-aspartate

PET

Positron Emission Tomography

SPECT Single Photon Emission Computed Tomography
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