
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Endophenotypes and genetic risk factors for psychosis

Zinkstok, J.R.

Publication date
2007
Document Version
Final published version

Link to publication

Citation for published version (APA):
Zinkstok, J. R. (2007). Endophenotypes and genetic risk factors for psychosis. [Thesis, fully
internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/endophenotypes-and-genetic-risk-factors-for-psychosis(b48013eb-39e7-4011-b15e-daffd5aada02).html


Endophenotypes and genetic 
risk factors for psychosis

proefschrift.indb   1 27-9-2007   11:16:23



Endophenotypes and genetic risk factors for psychosis
Copyright © 2007 Janneke R. Zinkstok, Amsterdam, the Netherlands

Printing of this thesis was financially supported by: Astra Zeneca, Bristol-Myers Squibb, 
Eli Lilly, Janssen Cilag, Lundbeck, Solvay en Wyeth Pharmaceuticals B.V.

Lay-out:  Chris Bor, Medische Fotografie en Illustratie, AMC, Amsterdam
Cover:   Kamagurka © 2004. All rights reserved. Printed with permission
Printing: Buijten & Schipperheijn, Amsterdam
ISBN:  978-90-9022353-7

proefschrift.indb   2 27-9-2007   11:16:23



Endophenotypes and genetic 
risk factors for psychosis

Academisch Proefschrift

ter verkrijging van de graad van doctor 
aan de Universiteit van Amsterdam 
op gezag van de Rector Magnificus 

Prof. dr. J.W. Zwemmer
ten overstaan van een door het college voor promoties

ingestelde commissie, 
in het openbaar te verdedigen in de Aula der Universiteit 

op woensdag 21 november 2007, te 12.00 uur

door 

Janneke Rozemarijn Zinkstok

geboren te Utrecht
 

proefschrift.indb   3 27-9-2007   11:16:23



Promotiecommissie 

Promotores:   Prof. dr. D.H. Linszen
   Prof. dr. F. Baas

Co-promotor:  Dr. T.A.M.J. van Amelsvoort

Overige Leden:  Prof. dr. D.A.J.P Denys 
   Prof. dr. G.J. den Heeten
   Prof. dr. W. van den Brink
   Prof. dr. P. Heutink
   Prof. dr. B.A. Schmand
   Prof. dr. M.J. Owen

Faculteit der Geneeskunde

proefschrift.indb   4 27-9-2007   11:16:23



Contents

Chapter 1 General introduction       

Chapter 2 Neuropsychological profile and neuroimaging in patients with 22q11 
deletion syndrome: a review      

Chapter 3 The catechol-O-methyltransferase gene and schizophrenia  
 

Chapter 4 Effects of a functional COMT polymorphism on brain anatomy and 
cognitive function in adults with velo-cardio-facial syndrome  

Chapter 5 The catechol-O-methyltransferase gene and obsessive-compulsive 
symptoms in patients with recent-onset schizophrenia: preliminary 
results   

Chapter 6 The COMT Val158Met polymorphism and brain morphometry in 
healthy young adults       
  

Chapter 7 Genetic variation in COMT and PRODH is associated with brain 
anatomy in patients with schizophrenia     
  

Chapter 8 Association between the DTNBP1 gene and intelligence: a case-
control study in young patients with schizophrenia and related 
disorders and unaffected siblings      

Chapter 9 Summary and general discussion     
 

Color Figures
Nederlandse Samenvatting
Dankwoord
List of publications
Curriculum Vitae

7

29

47

97

115

127

139

157

173

195
199
205
211
216

proefschrift.indb   5 27-9-2007   11:16:23



proefschrift.indb   6 27-9-2007   11:16:23



Chapter 1
Introduction

proefschrift.indb   7 27-9-2007   11:16:23



proefschrift.indb   8 27-9-2007   11:16:23



C
hapter 1

Introduction

9

Schizophrenia
Schizophrenia is a severe, chronic, and common mental disorder with a lifetime 
prevalence of approximately 1% in different populations in the world1, 2. Clinical 
symptoms can be characterized in four dimensions: (1) positive symptoms including 
delusions, hallucinations, disorganized behavior, and disorders of thought and speech, 
(2) negative symptoms including flattening of affect, loss of motivation and drive, and 
social withdrawal, (3) cognitive symptoms, and (4) affective symptoms. Morbidity is high 
because negative and cognitive symptoms are associated with functional impairments 
(e.g. reduced ability to work or attend school and to maintain social relations), but also 
there is substantial mortality: about 10% of schizophrenia patients dies of suicide3. 
Schizophrenia starts typically in late adolescence or early adulthood (between the 
ages of 16-30 years); in general men have a somewhat earlier age at onset than women4. 
In a majority of cases onset is gradually, with a prodromal phase (on average 5 years) 
characterized by negative and depressive symptoms followed by cognitive and social 
impairment5. Usually several years after the onset of prodromal symptoms, psychotic 
symptoms start to emerge and patients have their first contact with psychiatric services6. 
Psychotic symptoms tend to be episodic over time, and often require (temporary) 
hospitalization. The course of schizophrenia is variable, but on average 10-20% of 
patients have a relatively benign outcome, with one or two psychotic episodes followed 
by long periods of recovery, 40-50% have an intermittent course with multiple psychotic 
episodes with only partial recovery, and 25-35% will develop a chronic course7, 8. Long-
term outcome of the disorder is variable even with adequate pharmacological treatment 
and impairments are usually present throughout life9. 
The specific pattern of symptoms we currently call schizophrenia was already described 
by Emil Kraepelin (1856-1926) who used the term ‘dementia praecox’ to describe 
a chronic, deteriorating psychotic disorder characterized by progressive cognitive 
decline10 (the name was later changed to “schizophrenia” by Eugen Bleuler11). Kraepelin 
was far ahead of his time by postulating that psychiatric diseases are principally caused 
by biological and genetic disorders and by demonstrating specific patterns in the 
heritability of schizophrenia; he was one of the first to recognize that schizophrenia is 
more frequent among the relatives of patients with schizophrenia than in the general 
population.

Genetic epidemiology The results of family, twin and adoption studies have shown that 
genetic risk of schizophrenia is increased in family members of affected individuals12-14. 
A review of twin studies reported concordance rates of monozygotic twins of 41-
65%, compared with a concordance rate of dizygotic twins of 0-28%13. Mathematical 
modeling of twin and pedigree data have revealed overall heritability estimates of 
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83%13. Disease risk increases with more affected family members; a healthy twin with 
an affected monozygotic co-twin has the highest genetic risk (50%), directly followed by 
children of two parents with schizophrenia (45-50%)12. Thus, genetic factors have been 
found to have a major contribution to schizophrenia etiology; although environmental 
factors also contribute to increased risk of schizophrenia, they seem to do so mostly 
by interacting with genetic susceptibility15. The exact mode of genetic transmission is 
unclear: no single mutation following a dominant or recessive pattern has been identified. 
Since inheritance patterns do not follow a simple Mendelian pattern, schizophrenia is a 
complex genetic disease, i.e. multiple disease genes each with a small effect add up to 
establish overall genetic vulnerability.

The schizophrenia phenotype The diagnosis of schizophrenia is entirely based on 
the clinical criteria as summarized in the Diagnostic and Statistical Manual of Mental 
Disorders (DSM-IV)16. No biomarkers – e.g. quantitative measurements in blood or CSF, 
or data from MRI or EEG – are available to establish a diagnosis. Variation in symptom 
severity, presentation, course and outcome of the disorder is substantial between 
individuals with schizophrenia. Therefore, schizophrenia is a heterogeneous disorder 
and the diagnosis may well represent different subtypes or a group of syndromes with 
overlapping features. As a result, the use of schizophrenia (according to DSM IV criteria) 
as a phenotype in molecular genetic studies is not without problems. 
Recent developments in schizophrenia genetics, including successful and consistent 
reports of linkage and association, strongly suggest that validity of the schizophrenia 
diagnosis is at least good enough for detecting some biological substrates, i.e. susceptibility 
genes17. However, better definition of the schizophrenia phenotype is needed to further 
improve results of genetic studies in schizophrenia in the future18, 19. One approach to 
simplify genetics and improve power is by using intermediate or endophenotypes (e.g. 
neurocognitive, neurophysiological, and neuroanatomical data) instead of using the 
clinical diagnosis. 
  
Pathophysiology and neurobiology of schizophrenia The observation that 
stimulant drugs including cocaine and amphetamines, which increase dopaminergic 
neurotransmission, increase risk on developing psychotic symptoms has resulted 
into hypotheses about involvement of the dopaminergic system in the etiology of 
schizophrenia. All currently available antipsychotic drugs decrease dopaminergic 
neurotransmission by blocking the postsynaptic dopamine D2 receptors20 and thereby 
lead to a decreased intensity of delusions and hallucinations. Results from positron 
emission tomography (PET) and single photon emission computed tomography (SPECT) 
studies indicate that during acute psychotic episodes occupancy of dopamine D2 receptors 
in the basal ganglia is increased21. In contrast, the cognitive impairment commonly 
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seen in patients with schizophrenia may be a consequence of decreased dopaminergic 
activity in the frontal cortex22, 23. Therefore, excessive stimulation of striatal dopamine 
D2 receptors together with deficient stimulation of prefrontal dopamine D1 receptors 
are probably the fundamental pathological processes associated with schizophrenia. 
However, the activity of both cortical pyramidal neurons and inhibitory interneurons 
(regulating cortical neurons) is modulated not only by dopaminergic neurons, but also 
by serotonergic, cholinergic and noradrenergic neurons. Furthermore, there is evidence 
for alterations in prefrontal connectivity involving glutamate transmission at N-methyl-
d-aspartate (NMDA) receptors24. Since these systems interact, dopamine is probably 
not the only neurotransmitter involved in schizophrenia, and it has been suggested that 
dopaminergic changes may be a consequence of alterations in cortical glutamatergic 
neurotransmission24. 

The underlying causes of schizophrenia probably interact with normal neuro-
developmental processes. Thus far, epidemiological studies have identified several 
environmental factors increasing the risk for schizophrenia including complications 
during pregnancy and delivery25, birth in winter or spring26, urbanicity27, immigration28, 
and drug abuse (in particular using cannabis)14, 29. However, effect sizes are small and 
whether these factors are cause or consequence remains unclear. Since all of these 
environmental factors somehow interact with normal neurodevelopment, one of the 
major hypotheses in schizophrenia research today is a neurodevelopmental model in 
which genetic and environmental risk factors interact15. 
Evidence for neurodevelopmental disturbances preceding the onset of schizophrenia 
comes from different lines of research. Children who develop schizophrenia in later 
life show neuropsychological and motor deficits already at an early age30, 31. Structural 
brain changes including enlarged ventricles and reductions in brain volume32, 33 are 
among the most consistent findings in schizophrenia research. Although these findings 
could point to both neurodevelopmental and neurodegenerative mechanisms, thus far 
neuropathological studies failed to detect neurodegenerative markers. The presence of 
structural brain changes at onset of  psychosis34 and the presence of structural brain 
changes in unaffected relatives of patients with schizophrenia35, 36 point to a biological 
vulnerability and further supports a neurodevelopmental hypothesis. In post-mortem 
brain tissue of patients with schizophrenia cortical cytoarchitecturial abnormalities have 
been shown, reflecting abnormal neuronal migration during early brain development; 
also, reductions in neuropil and neuronal size in the prefrontal cortex and temporal 
lobe suggest aberrant brain maturation37. Together with white matter abnormalities 
frequently reported in schizophrenia38 these brain changes suggest deficits in neuronal 
function and connectivity underlying schizophrenia pathology. 
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Finding schizophrenia genes: approaches and results 
Although results from pharmacological, neurobiological and epidemiological studies 
have increased our understanding of schizophrenia substantially, gene-finding strategies 
based on these hypotheses have not proven to be successful39. Therefore, and because of 
the high heritability of schizophrenia, gene-finding approaches using molecular genetic 
techniques without a priori etiological assumptions have gained increasing interest. 

Molecular genetic studies 
The search for susceptibility genes in complex diseases like schizophrenia is in general 
characterized by a sequence of the following steps: genome-wide linkage analysis and 
positional cloning of the region of interest; fine-mapping of linkage regions by LD mapping 
using case-control-based association studies; and defining the functional variants 
that actually cause the disease. Additional approaches are testing for association with 
functional candidate genes; and investigating chromosomal abnormalities associated 
with high rates of psychosis. 

Linkage analysis To date, over 20 genome-wide linkage scans for schizophrenia have 
been performed, revealing linkage to various chromosomal regions40-46. However, in 
contrast to other complex neuropsychiatric disorders, e.g. Alzheimer’s disease, the results 
of linkage studies in schizophrenia have been disappointing in the sense that genome-
wide levels of significance are rarely reached and attempts to replicate have frequently 
failed. Nevertheless, results from two recent meta-analyses attempting to assess the 
evidence for schizophrenia linkage show consistency to some extent. The study by Lewis 
et al47 reported a list of 19 rank-based regions in decreasing order of significance, with 
most support for linkage to 2q, but also significant evidence supporting 8p, 6p, and 22q. 
Badner and Gershon48 reported strong evidence for schizophrenia susceptibility loci on 
8p, 13q, and 22q. 

Association studies and positional candidate genes Findings of positive linkage 
has led to subsequent association analysis to refine the region of linkage. These efforts 
have yielded several positional candidate genes, of which four are replicated at least 
once. To date, the available evidence strongly implicates the dysbindin (DTNBP1) gene 
on 6p24-2249 and the neuregulin 1 (NRG1) gene on 8p22-2150. Other positional candidates 
are the gene encoding D-amino-acid oxidase activator (DAOA, formerly known as G72) 
on 13q32-3451-54, and the regulator of G-protein signaling 4 (RGS4) gene on 1q21-2255-58, 
on which the available evidence is promising but not yet convincing17, 39. Several other 
positional candidate genes have been associated with increased risk for schizophrenia 
including the CAPON gene (encoding C-terminal PDZ domain ligand of neuronal nitric 
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oxide synthase) mapping to 1q2259, and the PPP3CC gene (encoding protein phosphatase 
3, catalytic subunit) mapping to 8p21.360, however these genes have only reported by 
single association studies and are awaiting positive replication.

Dysbindin A large body of evidence has implicated the dystrobrevin-binding protein 
1 (DTNBP1, or dysbindin) gene as a susceptibility gene for schizophrenia. Several 
genome scans reported linkage of chromosome 6p22-24 to schizophrenia making it 
likely that this region harbours one or more schizophrenia susceptibility genes47, 61-63. 
Subsequently, association was reported between schizophrenia and a set of individual 
markers and haplotypes spanning the chromosomal region containing the DTNBP1 
gene64. Since then, association between schizophrenia and the DTNBP1 gene (6p22.3) 
has been replicated in several different populations and most have confirmed association 
between DTNBP1 and schizophrenia65-73. Recent evidence points to a possible etiological 
mechanism: a risk haplotype in DTNBP1 has been associated with reduced expression 
of DTNBP1 mRNA, whereas a ‘protective’ haplotype has been associated with relatively 
high expression74; furthermore, DTNBP1 expression is reduced in the prefrontal cortex 
(PFC) and midbrain in patients with schizophrenia75, 76. Together, these results strongly 
suggest that genetic variation in DTBNP1 confers susceptibility for schizophrenia 
through reduced expression in the brain. In addition, there is growing evidence for a 
role of DTNBP1 in cognition77; therefore DTNBP1 may also increase schizophrenia 
susceptibility by affecting cognition78-80.

Neuregulin Evidence for a role of the Neuregulin 1 (NRG1) gene in schizophrenia comes 
from several genome-wide scans reporting linkage to 8p22-p11, the region harbouring 
NRG1. Linkage to the 8p region containing NRG1 is a robust and consistent finding 
in schizophrenia genetics, as recently was confirmed by two meta-analyses47, 48 and 
therefore the 8p locus is very likely to harbour one or more susceptibility genes for 
schizophrenia. The implication of NRG1 in schizophrenia by positional cloning46 
has been followed by fine mapping of the 8p region and resulted in an initial report 
of association in a large Icelandic sample46 and subsequent replication in a Scottish 
sample81. Following this, at least 7 other studies reported positive association between 
the NRG1 gene and schizophrenia82-88, although 3 have been negative89-91. In addition, 
two studies have reported altered (increased) expression of NRG1 in postmortem 
brain tissue of patients with schizophrenia92, 93. Furthermore, mice lacking one copy 
of the NRG1 gene demonstrated altered pre-pulse inhibition (PPI, a neurobiological 
marker of information processing) and antipsychotic-responsive hyperactivity46, both 
phenotypes which are hypothesized to model the schizophrenia phenotype in mice. 
Despite the large number of studies supporting NRG1 as a positional candidate gene 
for schizophrenia, functional variants have not yet been identified. However, there 
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is growing evidence for a possible pathophysiological mechanism: variation in the 
NRG1gene may confer schizophrenia susceptibility through variation in expression of 
isoforms93. The molecular mechanism behind the well-replicated positive association 
between NRG1 and schizophrenia may be altered transcriptional regulation, leading to 
a modification of NRG1 signaling effects on neuronal development and plasticity, thereby 
compromising cortical and hippocampal funtion93. Functional evidence that NRG1 
results in abnormal cortical function came recently from Hall et al94, who reported that 
a SNP in the NRG1 promoter region (SNP8NRG243177) was associated with decreased 
activation of frontal and temporal lobe regions during a sentence completion task, 
decreased premorbid IQ, and increased risk of development of psychotic symptoms in a 
sample of subjects at high risk of schizophrenia.

DAOA (G72) and DAO Fine-mapping of the 13q22-34 linkage region resulted in positive 
association with markers in two overlapping genes: G72 and G3051. Replication studies 
with DAOA (formerly G72) resulted in several reports of positive association with 
schizophrenia51, 95-97. However, the largest and most recent studies provide more evidence 
for association with bipolar disorder53, 98, 99 and with susceptibility to episodes of mood 
disorder100. Therefore, although initially labeled as a candidate gene for schizophrenia, 
DAOA may primarily increase risk for affective symptoms, and may be associated with 
an affective instead of psychotic symptom dimension19. 

RGS4 The RGS4 gene is located in a putative linkage region for schizophrenia (1q22). 
RGS4 was first implicated in schizophrenia by a gene expression study in which RGS4 
expression was decreased in post-mortem brain tissue of patients with schizophrenia101. 
Genetic association analysis showed association with a haplotype at the 5’ end of the 
gene55. Additional association studies have been moderately positive56-58, and two have 
been negative102, 103. Genetic evidence for RSG4 as a susceptibility gene for schizophrenia 
is therefore promising but not convincing. Polymorphisms in RGS4 have recently been 
associated with dorsolateral PFC (DLPFC) morphometry in first-episode schizophrenia 
patients104; thus genetic variation in RGS4 may confer schizophrenia susceptibility 
through structural alterations in the DLPFC.

Functional candidates Results from association studies investigating functional 
candidate genes for schizophrenia – i.e. genes encoding enzymes hypothesized to be of 
functional importance in schizophrenia – are in general not convincing39. However, the 
candidate gene approach has led to several reports on positive association with e.g. genes 
encoding the dopaminergic receptors DRD2105 and DRD3106, and the 5-HT 2A receptor  
gene107, although effect sizes are extremely small. Another functional candidate is the 
GRM3 gene (encoding metabotropic glutamate receptor-type 3), first implicated by 
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Marti et al108, and since then replicated three times109-111. One replication attempt has 
been negative112. Since one SNP in the GRM3 gene has been related to cognitive, fMRI, 
and neurochemical variables110, the potential functional aspects of GRM3 warrant 
further research. 
The V-AKT murine thymoma viral oncogene homolog 1 (AKT1) was identified as a 
candidate gene for schizophrenia based on functional assays: in post-mortem brain 
tissue of patients with schizophrenia AKT1 protein levels were reduced in comparison 
to control subjects and downstream signaling was altered113. The initial genetic evidence 
was rather weak and two follow-up studies gave mixed results114, 115; however a recent 
association study supported the original positive finding116. Altogether, the evidence 
for AKT1 as a candidate gene for schizophrenia seems promising and deserves further 
investigation.

Chromosomal abnormalities 
Several syndromes associated with both chromosomal abnormalities and psychiatric 
symptoms have been reported. Two of these syndromes are in fact interesting for 
schizophrenia genetics: the 22q11 Deletion Syndrome (22q11DS) or velocardiofacial 
syndrome; and a balanced chromosomal translocation (1,11). 

22q11 Deletion syndrome (22q11DS) 22q11DS, also known as velocardiofacial 
syndrome (VCFS), is a relatively common disorder occurring in approximately 1:4000 
births117 and is associated with interstitial deletions at chromosome 22. The physical 
features of the syndrome include cleft palate, cardiac anomalies, a typical facial 
appearance and intellectual impairments118-120. Individuals with 22q11DS represent 
a particularly high-risk group for developing psychosis and schizophrenia: 30% are 
estimated to develop psychosis, 25% to develop schizophrenia121. Current candidate 
genes mapping to the 22q11 locus include the catechol-O-methyltransferase gene 
(COMT), the proline dehydrogenase gene (PRODH), and the zinc finger- and DHHC 
domain-containing protein 8 (ZDHHC8). Note that these genes are not only implicated 
in schizophrenia by the 22q11DS but also by the consistent linkage of schizophrenia to 
the 22q11 region47, 48 in the general population. 

COMT The COMT gene is a candidate gene for schizophrenia not only because of its 
location on 22q11 (the region deleted in 22q11DS and implicated by linkage analyses), 
but also because of its role in the breakdown of dopamine in the prefrontal cortex122. 
Therefore, COMT is both a positional and a functional candidate gene for schizophrenia. 
A common single nucleotide polymorphism (SNP) in the COMT gene, leading to an amino 
acid substitution (Valine [Val] to Methionine [Met]) results in decreased thermostability 
and variable enzymatic activity123. Although the COMT Val158Met polymorphism has 
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not been identified to cause an increased risk of schizophrenia124-126, several studies 
found evidence for an association between the low-activity Met allele and improved 
performance on cognitive tasks involving the PFC in patients with schizophrenia and in 
healthy individuals127-131. Also, the COMT Val158Met polymorphism has been associated 
with regulation of cortical dopaminergic neurotransmission127, 132. An extensive review 
on COMT will be given in chapter 3 of this thesis.

PRODH The PRODH gene is also located on chromosome 22q11 and is both a positional and 
a functional candidate gene for schizophrenia. The PRODH gene encodes proline oxidase 
(POX), a mitochondrial enzyme that catalyzes the conversion of proline into different 
metabolites including glutamate. PRODH deficient mice show schizophrenia-related 
phenotypes, with deficits in associative learning, abnormalities of sensorimotor gating 
as measured by PPI, and altered response to psychomimetic drugs133, 134. Although many 
studies implicated PRODH variants as susceptibility factors for schizophrenia133, 135-139, 
others have not been able to replicate these findings140, 141. However, hyperprolinemia 
has been reported to be a risk factor for schizoaffective disorder136 and two known 
autosomal recessive inborn errors of proline metabolism are associated with mental 
retardation and possibly increased risk of schizophrenia138, 142, 143. Furthermore, in 
22q11DS patients hyperprolinemia is associated with lower IQ values and increased risk 
for psychosis when present jointly with a COMT low-activity Met allele144. 

ZDHHC8 Evidence that the ZDHHC8 gene may contribute to schizophrenia risk came 
first from Mukai et al145 who reported association with a SNP (rs175174) affecting 
mRNA expression in brain regions relevant for schizophrenia. Association between this 
‘functional’ ZDHHC8 SNP and schizophrenia has been replicated once, but in this study 
the opposite allele showed association with increased schizophrenia risk146. The most 
recent replication studies found no association between genetic variation in ZDHHC8 
and  schizophrenia147-149. Therefore association is far from inconclusive and, given the 
many negative associations, unlikely. 

Balanced (1;11) translocation  The other chromosomal abnormality associated 
with schizophrenia is based upon linkage of a balanced chromosomal translocation 
(1q42;11q14.3) to a broad psychiatric phenotype including schizophrenia, bipolar 
disorder and recurrent depression in a large Scottish pedigree150. The translocation 
disrupts 2 genes on chromosome 1 (Disrupted in schizophrenia [DISC] 1 and DISC 2). 
DISC1 contains no open reading frame and probably regulates expression of DISC2151. 
Both genes are located close to the markers on chromosome 1 that previously showed 
linkage in genome scans for schizophrenia152, 153. To date, at least 6 replication attempts 
have reported positive association with schizophrenia and/or bipolar disorder154-159, 
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whereas 3 others have been negative160-162. Also, the functional evidence for a role of 
DISC1 in schizophrenia susceptibility is accumulating. DISC1 is expressed in the human 
cerebral cortex and hippocampus163, 164; genetic variation in DISC1 is associated with 
altered structure and function of the hippocampus156 and schizophrenia patients with 
abnormal DISC1 expression have reduced frontal cortical gray matter volume165. One of 
the isoforms of DISC1 shows abnormal subcellular distribution in the orbitofrontal cortex 
in post-mortem brain tissue of patients with schizophrenia166, and expression of proteins 
that are binding partners of DISC1 (NUDEL, LIS1, FEZ1) is reduced in hippocampus and 
PFC of patients with schizophrenia167. Also, genetic variation in the DISC1 locus has been 
associated with memory function in patients with schizophrenia165, 168, 169. Thus, there is 
converging evidence that dysfunction of DISC1 and binding partners contributes to the 
pathophysiology of schizophrenia and related mental disorders.

In summary, the search for candidate genes in schizophrenia has yielded promising 
results, including a number of potential linkage regions, several positional candidate 
genes, and two chromosomal abnormalities associated with increased risk for 
schizophrenia. Some of the genes described may increase the overall risk for developing 
schizophrenia (susceptibility genes), some genes may influence disease characteristics 
without altering disease liability itself (modifier genes), and some genes may have a 
mixed effect170. 

The use of endophenotypes in psychiatric genetics 
Although results from molecular genetic studies are promising, it has been proven 
difficult to find consistent genetic findings in complex disorders like schizophrenia. 
Typical characteristics of complex diseases including incomplete penetrance, epistasis, 
pleiotropy, imprinting, and phenocopies complicate the search for schizophrenia genes. 
In addition, the vast heterogeneity of psychiatric disorders makes it even more difficult 
to obtain reliable results from molecular genetic research170. In order to improve 
homogeneity of psychiatric phenotypes, an alternative approach is to investigate a 
narrower phenotype, or endophenotype. Endophenotypes are also called “intermediate 
phenotypes”, “biological markers”, “subclinical traits”, and “vulnerability markers”. 
An endophenotype is a measurable risk trait that is presumably causally closer to the 
pathogenic genotype than the clinical phenotype itself171. For example, colonic polyps 
represent an intermediate phenotype in colon cancer, and the degree of insulin resistance 
is an intermediate phenotype in the search for diabetes genes. Important criteria for a 
reliable endophenotype as defined by Gottesman and Gould18 are: the endophenotype 
is associated with illness in the general population; the endophenotype is heritable; the 
endophenotype is state-independent (i.e. not dependent on manifestation of illness); 

proefschrift.indb   17 27-9-2007   11:16:24



18

within families, endophenotype and illness co-segregate; the endophenotype is found in 
non-affected family members at a higher rate than in the general population. At present, 
cognitive and neuropsychological, electrophysiological, eye movement and neuro-
anatomical measures are used as endophenotypes in schizophrenia research17, 18. This 
has yielded promising results, e.g. the functional Val158Met polymorphism in the COMT 
gene has been associated with cognitive function127, the alfa7-nicotinic receptor gene 
has been linked to P50 auditory-evoked responses in patients with schizophrenia172, 
and more recent a SNP in the gene encoding brain-derived neurotrophic factor (BDNF) 
has been associated with episodic memory in patients with schizophrenia and their 
unaffected relatives173.

Aim and outline of this thesis
The overall aim of the studies described in this thesis was to increase our knowledge on 
the genetic variation underlying schizophrenia risk by examining association between 
genetic variation in candidate genes for schizophrenia and various (endo)phenotypes 
including clinical symptoms, brain structure, and brain function. We focused on known 
candidate genes for schizophrenia, in particular the COMT and PRODH genes because 
of their location on 22q11, and the 22q11DS being a disease model for a genetic subtype of 
schizophrenia. In Chapter 2 the current knowledge on brain function and brain structure 
in people with 22q11DS is discussed and how this contributes to our understanding of 
the neurobiology of schizophrenia. Chapter 3 reviews the current research on effects 
of a functional polymorphism in the catechol-O-methyltransferase (COMT) gene on 
various neuropsychiatric disorders, including schizophrenia; the neurobiology of COMT 
and the impact of the functional Val158Met polymorphism in people with or at risk for 
schizophrenia and directions for future research investigating COMT as a candidate 
gene for schizophrenia are discussed. Chapter 4 describes the effects of the functional 
COMT Val158Met polymorphism on brain anatomy and cognition in adults with VCFS. 
In Chapter 5 the results are described of a study investigating the effect of the COMT 
Val158Met polymorphism on obsessive-compulsive symptoms in young patients with 
schizophrenia. Chapter 6 describes the results of a study with a combined genetics 
and neuroimaging approach used to investigate the relationship between the COMT 
Val158Met polymorphism and brain anatomy in healthy young adults. In Chapter 7 
genetics and imaging data are combined to explore effects of genetic variation in genes 
on chromosome 22q11 on gray and whiter matter density in patients with schizophrenia. 
In Chapter 8 effects of another candidate gene for schizophrenia are investigated: the 
dystrobrevin-binding protein 1 (DTNBP1) gene. This chapter describes the results of 
a study investigating association between SNPs in the DTNBP1 gene and intellectual 
functioning in patients with a first episode of schizophrenia or related psychotic 
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disorder, their healthy siblings, and unrelated controls. In Chapter 9, findings of all 
studies described in this thesis will be summarized, and implications, limitations, and 
directions for future research will be discussed.
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Abstract
22q11 Deletion Syndrome (22q11DS) is associated with cognitive, behavioral and 
psychiatric problems and is known to affect brain structure. Recently, 22q11DS has 
been proposed as a disease model for a genetic subtype of schizophrenia. In this paper 
we discuss the currently available literature on neurocognitive functioning and brain 
anatomy in patients with 22q11DS, and how this contributes to our understanding 
of the neurobiology of schizophrenia. Research on cognitive functioning in 22q11DS 
patients suggests a specific cognitive profile with impairments on arithmetical, visuo-
spatial and executive tasks and relatively preserved language skills. Prominent findings 
of neuroimaging studies in 22q11DS patients are: reduction of overall brain volume, 
midline defects, structural alterations of cerebellum and frontal lobe, white matter 
abnormalities and decreased gray matter volumes in parietal and temporal areas. We 
describe how brain abnormalities in patients with  may contribute to the understanding 
of the clinical syndrome including cognitive impairments, psychotic symptoms and 
social and communication problems. 
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Introduction
22q11 Deletion Syndrome (22q11DS), also known as velocardiofacial syndrome, is 
associated with interstitial deletions at chromosome 22. It is a relatively common 
disorder occurring in approximately 1:4000 births1. The physical features of the 
syndrome include cleft palate, cardiac anomalies, a characteristic facial appearance 
and intellectual impairments2-4. The behavioral phenotype is characterized by social 
withdrawal, anxiety, shyness and impulsivity with poor attention and concentration5. 
Recently, 22q11DS has received increasing attention in psychiatric research. This is 
likely attributable to data suggesting that 22q11DS may represent a homogeneous 
genetic subtype of schizophrenia6.  Individuals with 22q11DS represent a particularly 
high-risk group for developing psychosis and schizophrenia: 30% are estimated to 
develop psychosis, 25% to develop schizophrenia7. Therefore, the study of 22q11DS 
provides a unique opportunity to identify susceptibility genes at chromosome 22q11 for 
schizophrenia and to increase our understanding of the neurobiology of schizophrenia. 
Because of the high rate of psychosis in patients with the 22q11DS, it is likely that the 
commonly deleted region causing this syndrome harbors genes that may be involved in 
the pathogenesis of schizophrenia. Thus, by studying an identified genetic disorder that 
is associated with a high prevalence of psychosis and schizophrenia, like 22q11DS, we 
may learn more about the neurobiology of these psychiatric syndromes. 
Although the literature on 22q11DS is growing, the biological determinants of the 
neurocognitive and behavioral features of 22q11DS are not yet fully understood. We 
performed a literature search using PubMed in order to review the current literature 
on cognitive functioning and neuroimaging in people with 22q11DS . We used “22q11 
deletion syndrome”, “velocardiofacial syndrome (VCFS)”, neurocognitive profile” and 
“neuroimaging” as search terms and studied reference lists of the articles identified by 
PubMed. We found 32 articles that met our search criteria. In this paper, we will give 
some background on 22q11DS and review the literature on cognitive functioning and 
neuroimaging in patients with this syndrome. In addition, we will discuss how this 
might contribute to our understanding of the neurobiology of schizophrenia. 

Cognitive phenotype 

Cognitive deficits in children with 22q11DS
Intellectual impairments have been reported as one of the major features of 22q11DS. 
The majority of children with 22q11DS are reported to have cognitive impairments, 
ranging from borderline (IQ ranging from 70-85) to moderate (IQ below 55)5;8. Familial 
transmission of the disorder seems to result in more severe cognitive impairments 
and a higher rate of mental retardation than de novo cases8;9. However, severe mental 
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retardation has rarely been described in 22q11DS8. Most research on cognitive profiles 
in 22q11DS has been carried out in children and adolescents. In general, these studies 
suffer methodological flaws such as small sample sizes and absence of suitable control 
groups that have been matched for IQ. Also, it is difficult to distinguish whether findings 
are specific to children or also present in adults, or whether these findings are specific 
for 22q11DS or are associated with low levels of intellectual ability. In spite of these 
methodological problems, research on children with 22q11DS strongly suggests that 
there is a specific cognitive profile. 

Table 1 Overview of the main findings from quantitative structural MRI studies in patients with 22q11.2 
Deletion Syndrome
Authors, year Age group Main findings in individuals with 22q11.2 Deletion 

Syndrome

Eliez, 2000 Children and adolescents l Smaller total brain volumes with more white 
than gray matter reduction

l Relatively enlarged frontal lobe
l Loss of parietal lobe symmetry due to left parietal 

gray matter reduction
Kawama, 2000 Children l Aymmetry of head of caudate nucleus: right side 

larger than left side (in controls: left side larger 
than right side)

l Less asymmetry of caudate nucleus than control 
group

Van Amelsvoort, 2001 Adults l White matter hyperintensities
l Septum pellucidum anomalies
l Smaller cerebellar volumes
l Regional specific differences in gray matter in left 

cerebellum, insula, frontal and right temporal 
lobes

l Generalised white matter deficits, excess in 
posterior corpus callosum

Eliez, 2001c Children and adolescents l Lower overall brain size
l Smaller temporal lobe, superior temporal gyrus 

and hippocampal volumes
Eliez, 2001d Children and adolescents l Reduction of posterior fossa structures: cerebellar 

vermal lobules VI-VII and pons
Kates, 2001 Children l Reduction of lobar brain regions, except not 

frontal regions
l More severe white matter than gray matter 

reduction (nonfrontal)
Chow, 2002 Adults l Reduction of gray matter most prominent in 

frontal and temporal lobes
l Enlargement of lateral ventricles

Eliez, 2002 Children and adolescents l Increased caudate head volumes with asymmetry 
(left side greater than right)

Barnea-Goraly, 2003 Children and adoldescents l Decreased anisotropy in frontal, parietal and 
temporal regions and in tracts connecting the 
frontal and temporal lobes
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The most consistent finding from the literature on cognitive function in children and 
adolescents with 22q11DS is the discrepancy between Verbal and Performance IQ on tests 
of general intellectual functioning, favoring verbal abilities8;10. It has been hypothesized 
that this discrepancy is related to a combination of impairments in visuo-spatial ability, 
planning ability, non-verbal reasoning and deficits in novel reasoning and concept 
formation5. Also, deficits in arithmetic are commonly found in children with 22q11DS. 
For mathematical competence, visuo-spatial skills are particularly important. Since 
22q11DS patients have deficient visuo-spatial skills, this may explain the finding that 
80% of children with 22q11DS were found to be unable to deal with basis mathematical 
skills such as multiplication and division11. 
The group of Moss et al10 examined a group of children and adolescents with 22q11DS. 
They found a higher Verbal than Performance IQ; furthermore they reported language 
impairments, although reading capacities appeared to be relatively good in these 
children. They suggest this specific neurocognitive profile is compatible with a nonverbal 
learning disability (NVLD). A different study reported similar findings: the group of 
Swillen et al12 studied school age children with 22q11DS and found a better Verbal 
than Performance IQ, better scores for reading and spelling compared to arithmetical 
skills, weak visuo-perceptual abilities, deficient visuo-spatial skills, problems with the 
processing of new and complex material, poor visual attention, good auditory memory 
and relatively good language skills. The authors suggest these findings correspond to 
the pattern of neuropsychological assets and deficits that has been described for the 
syndrome of nonverbal learning disabilities (NVLD)13. Children with NVLD often exhibit 
initial developmental delays in language development, followed by rapid acquisition 
of verbal skills. NVLD is characterized by deficits in visual-perceptual psychomotor 
coordination and deficits in complex tactile-perceptual skills. In addition, difficulties 
with visual attention, social competence, emotional distress, concept formation and 
problem solving have been described. Problems with social perception, judgement and 
interactive skills are also reported in children with NVLD13. It has been hypothesized 
that the cognitive and behavioral impairments in NVLD may be due to white matter 
dysfunction, mainly in the right cerebral hemisphere13. However, the initial language 
impairments seen in children with 22q11DS are not a cardinal feature of NVLD. Possibly 
those problems with language processing are caused by the otolaryngological problems 
frequently seen in children with 22q11DS14. However, variations in developmental delay 
and in intelligence in children with 22q11DS cannot be solely explained by physical 
anomalies such as palatal defects or cardiac defects, as was shown by Gerdes et al15. In 
their group of preschool children with 22q11DS they found developmental delays, mild 
hypotonia and language and speech delays at the same rate for children with cardiac 
defects and palate anomalies as in those without these deficits15;16. 
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In a group of young children with 22q11DS, Glaser et al17 found that children with 22q11DS 
had lower receptive than expressive language skills when compared with IQ-matched 
control patients. This finding differs from other studies: e.g. Moss et al10 and Gerdes et 
al15 reported better receptive than expressive language skills in children with 22q11DS. 
The authors hypothesize that the receptive skills of children with 22q11DS plateau at a 
certain age, while expressive language skills continue to improve. Furthermore, Glaser 
and coworkers17 reported that children with a deletion of paternal origin performed 
better on receptive language tasks than children with a deletion of maternal origin. The 
authors suggest that language skills of children with 22q11DS could be influenced by 
parental origin of the deletion.
In summary, the current literature on cognitive functioning in children with 22q11DS 
suggests a specific cognitive profile consisting of mild cognitive impairments, including 
impaired arithmetical and visuo-spatial skills and relatively good language skills. None 
of these studies used IQ matched controls which may have influenced the results. Hence, 
it remains unclear to what extent the cognitive profile seen in children with 22q11DS is 
specific for 22q11DS, or is merely due to the relatively low IQ seen in these children, as a 
low IQ generally implies cognitive impairments. 

Cognitive deficits in adults with 22q11DS  
Adults with 22q11DS have been found to have significant impairments in visuo-
perceptual ability, problem solving and planning, and abstract and social thinking. 
In the study of Henry et al18, more than 50% of the 22q11DS group was functioning in 
the borderline/low average range of intellectual ability. Since the control group was 
matched for IQ, the deficits observed in the patients with 22q11DS seem to be specific 
for 22q11DS and are unlikely to be explained by impaired intellectual functioning alone. 
The poor performance of patients with 22q11DS on a particular subtest of social and 
abstract reasoning supports the reports of social deficits in these patients. In addition, 
patients with 22q11DS were found to have significant deficits in visuo-perceptual 
functioning, most apparent when using a stimulus that has been degraded in some 
way. The authors suggest these object perception deficits are due to differences in right 
parietal lobe function. Furthermore, people with 22q11DS scored worse on problem 
solving and planning abilities. The authors suggest this reflects differences in prefrontal 
lobe functioning, compatible with “premature responding” as seen in patients with 
schizophrenia, and “impulsivity” as described in patients with frontal lobe damage. 
To explore the impact of schizophrenia on cognitive function in adults with 22q11DS, 
van Amelsvoort et al19 compared the neuropsychological profile of adults with 22q11DS 
with and without schizophrenia. Twenty-eight people with 22q11DS were studied, 13 
with schizophrenia and 15 without a history of psychosis. Both groups had similar 
levels of intellectual functioning. The group with 22q11DS and schizophrenia performed 
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significantly worse on tests of: (1) spatial working memory and strategy formation; 
(2) the similarities sub-test of the WAIS; (3) visual recognition; and (4) attention 
(response inhibition, sustained attention and perceptual sensitivity). This suggests that 
schizophrenia in 22q11DS is associated with impairments on tasks of executive function 
and attention in particular. The authors did not find differences in deficits previously 
reported in 22q11DS, such as planning, problem solving, abstract and social reasoning 
and object recognition, suggesting that these deficits may be generic for the 22q11DS in 
general. Neither did the authors find deficits in areas such as verbal memory that have 
been previously reported in non-22q11DS schizophrenia20. Deficits in attention and 
executive function (including spatial working memory and strategy formation) are also 
found in individuals with non-22q11DS schizophrenia and impaired response inhibition 
and attention deficits are suggested to be core cognitive impairments associated with 
schizophrenia21-23. Impairments on tasks of executive functioning may be associated 
with aberrant development of prefrontal regions. 
In summary, the current literature on adults with 22q11DS suggests specific deficits: 
low average IQ, impairments in visuo-perceptual ability, problem solving and planning, 
and abstract and social thinking. Within 22q11DS, those with schizophrenia have 
impairments on some tests of executive function and attention, compared to those 
without schizophrenia, suggesting that tasks involving prefrontal function are 
particularly affected by the presence of schizophrenia in 22q11DS. The question whether 
impaired prefrontal functioning is a risk factor for schizophrenia or is merely caused by 
schizophrenia itself has not been answered yet. 

Neuroimaging studies in 22q11DS 

Results of qualitative and quantitative MRI studies in 22q11DS  
Following initial qualitative neuroimaging reports and studies there has been an 
increasing number of quantitative MRI studies of people with 22q11DS. Consistent 
findings from qualitative studies include: cortical atrophy, a high prevalence of midline 
defects (i.e. agenesis corpus callosum or cavum septum pellucidum), cerebellar atrophy, 
and the presence of white matter hyperintensities (WMHIs)24-28. We will discuss the 
results of quantitative MRI studies in detail.

Total brain volume, gray matter and white matter, CSF, ventricles  Intracranial 
brain volume was reported to be smaller in patients with 22q11DS, although only Eliez 
et al29 found a significant reduction of total brain volume29-31. Gray matter volume was 
reduced in a lesser extent than white matter in the majority of studies28-30. However, in 
a specific subtype of patients with 22q11DS – adults with 22q11DS and schizophrenia – 
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the reduction of gray matter was more severe than the white matter reduction compared 
to a healthy, above average IQ control group31. This finding is in agreement with reports 
of smaller gray matter volumes in structural neuroimaging studies in patients with 
schizophrenia32. However, more recently, preliminary results did not report gray matter 
tissue reductions but extensive white matter reductions in patients with 22q11DS with 
schizophrenia compared to patients with 22q11DS without schizophrenia (Figure 1)33. 
Differences in intellectual functioning might explain the discrepancy in results between 
both groups. Finally, the majority of neuroimaging studies in patients with 22q11DS 
reported increased volumes of ventricular and/or sulcal CSF27;29;31;33. These findings 
partially overlap with structural neuroimaging findings in schizophrenia, where 
ventricular enlargement, smaller gray matter volumes and midline defects frequently 
have been reported32;34.

Posterior fossa abnormalities  In agreement with earlier findings from qualitative 
studies, reductions of cerebellar volume, posterior fossa and vermis have been reported 
in quantitative neuroimaging studies in individuals with 22q11DS24;25;27-29;35;36. Eliez et 
al36 reported that the reduction of cerebellar volume was associated with a decrease 
of the vermis and the pons. In addition, van Amelsvoort et al28 reported significantly 
smaller total cerebellar volumes in adults with 22q11DS . Both groups studied – patients 
with 22q11DS with schizophrenia and without schizophrenia – had a reduced total 
cerebellar volume compared to controls, but no differences in cerebellar volumes were 
found between the schizophrenia group versus the non-schizophrenia group33. Therefore, 
decreased cerebellar volume seems to be a finding generic to the 22q11DS.
The cerebellum is important for maintaining posture and for coordinating head and eye 
movements and is also involved in fine tuning the movements of muscle and in learning 
motor skills37. Thus, decreased cerebellar tissue volumes may explain the delayed motor 
development often seen in 22q11DS patients4. More recently, attention has been drawn 
to cerebellar involvement in cognitive processing, possibly via neural circuits that link 
prefrontal, posterior, parietal and limbic cortices38. These brain regions are important for 
planning, problem solving and visuo-spatial processing, all cognitive domains that are 
reported as being affected in people with 22q11DS18. Therefore, cerebellar abnormalities 
may contribute to specific cognitive deficits in 22q11DS. 

Frontal lobe abnormalities  Differences in frontal lobe volumes or tissue composition 
have been reported in most MRI studies in children and adults with 22q11DS28-31. Eliez 
et al29 found relatively larger frontal lobe brain volume in children with 22q11DS. In 
contrast, Kates et al30 found that absolute frontal lobe volumes were smaller in 22q11DS 
children; however, when frontal lobe volumes were expressed as a ratio of non-frontal 
cerebral tissue volume, the relative proportion of frontal lobe tissue was significantly 
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higher in children with 22q11DS than in healthy controls. In adults with 22q11DS 
regional differences in gray and white matter were reported in frontal regions28;31. 
Abnormalities in the function, structure and metabolism of frontal regions have been 
frequently reported in the general population of patients with schizophrenia (non-
22q11DS schizophrenia). Both gray and white matter deficits have been reported in 
frontal brain regions of patients with schizophrenia32;39;40 and longitudinal MRI studies 
report a progressive volume reduction in frontal regions41;42. The frontal areas are 
involved in higher executive functions, planning, attentional processes and emotion37. 
Neuropsychological, neuroimaging and neurophysiological studies show evidence 
that the prefrontal cortex is implicated in cognitive dysfunction associated with non-
22q11DS schizophrenia22. 

Parietal lobe abnormalities  In patients with 22q11DS parietal lobe gray matter 
abnormalities are reported in two independent studies29;31. Eliez et al29 found that 
normal symmetry of parietal lobe tissue was lost due to a significant reduction of gray 
matter in the left parietal lobe in children with 22q11DS . In addition, Chow et al31 found 
gray matter reduction in the left parietal lobe in adults with 22q11DS and schizophrenia. 
In contrast to these findings, Kates et al30 reported a reduction of parietal white matter 
tissue, not of gray matter tissue. The parietal lobe is involved in processing visuo-spatial 
cues and episodic memory retrieval, working memory, implicit or explicit recognition 
memory, and long term memory consolidation43-46. Consequently, parietal lobe 
aberration may interfere with information storage and retrieval and may contribute to 
some of the cognitive impairments seen in 22q11DS. 

Figure 1 White matter, gray matter and CSF as a ratio of total intracranial volume in schizophrenic and non-
schizophrenic adults with 22q11.2 Deletion Syndrome compared to a control group. 

ICV: intracranial volume ; CSF: cerebrospinal fluid; S-VCFS: subjects with velocardiofacial syndrome (22q11.2 
Deletion Syndrome) and schizophrenia; NS-VCFS: subjects with velocardiofacial syndrome (22q11.2 Deletion 
Syndrome) without schizophrenia. 
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Temporal lobe abnormalities  Children with 22q11DS were found to have bilaterally 
smaller than average temporal lobe, superior temporal gyrus and hippocampal volumes 
than normal children47. Whereas Eliez et al47 found a reduction of temporal gray matter, 
Kates et al30 reported reduced temporal white matter, mainly in the left hemisphere. 
In addition to the findings in children, right temporal lobe gray matter reduction is 
also reported in adults with 22q11DS28. Furthermore, in adults with 22q11DS and 
schizophrenia, deficits in temporal gray matter have been reported31. This finding has also 
been reported frequently in the general population of patients with schizophrenia (non-
22q11DS schizophrenia); even more, reduction of temporal gray matter was correlated 
with worse cognitive performance in non-22q11DS patients with schizophrenia48. The 
temporal lobe is concerned with processing auditory stimuli, speech and language and 
through its deep structures (hippocampus and amygdala) with aspects of learning, 
memory and emotion37.  

Occipital lobe abnormalities  Few studies reported white matter loss in the 
occipital lobe in individuals with 22q11DS28;30;31. It has been postulated that deficits 
in visuo-perceptual function and social cognition may be associated with widespread 
abnormalities in white matter18 but also with abnormalities in development and 
connectivity of occipital brain regions28;49. 

Caudate abnormalities  The caudate nucleus, a neuroanatomical structure altered 
in schizophrenia34;50, has been investigated in patients with 22q11DS by several 
studies28;51;52. In children with 22q11DS abnormal size and asymmetry of the caudate 
was reported51;52, whereas van Amelsvoort et al28 reported the absence of caudate 
volume differences in adults with 22q11DS. An increase in caudate head volume in 
children and adolescents with 22q11DS may be associated with functional deficits of the 
striatum, and could be contributing to the increased risk for individuals with 22q11DS 
to develop schizophrenia52.

Polymicrogyria in 22q11DS  Several cases of cortical dysgenesis including uni/bilateral 
fronto-parietal polymicrogyria have been reported in children with 22q11DS53-57. 
Polymicrogyria is a brain malformation characterized by abnormal cortical lamination, 
excessive cortical folding, and fusion of the cortical molecular layer58. The underlying 
pathogenetic mechanism for 22q11DS associated cortical dysgenesis is still unclear. 
Abnormal neuronal migration is one proposed explanation, but vascular disruption has 
also been suggested as potential mechanism54.

The results from the MRI studies described above suggest that white matter might be 
particularly affected in people with 22q11DS.  Diffusion tensor imaging (DTI) is a tool for 

proefschrift.indb   38 27-9-2007   11:16:26



C
hapter 2

N
europsychological profile and neuroim

aging in 22q11D
S

39

the investigation of white matter tract structure and coherence in vivo by making use 
of MRI to visualize the diffusion of water molecules within axons. A recent DTI study 
has demonstrated that white matter hyperintensities (WMHIs), frequently reported in 
patients with 22q11DS24;26-28, may be of vascular origin and could be associated with 
white matter tract disruption59. To date only one DTI study on patients with 22q11DS 
has been reported. This study showed decreased anisotropy in multiple brain tracts of 
patients with 22q11DS, in particular in the frontal, parietal and temporal regions as well 
as in tracts connecting the frontal and temporal lobes60. These regional differences in 
anisotropy reflect localized alterations in density, coherence, or myelinization in brains 
of patients with 22q11DS. The results support earlier findings from van Amelsvoort et al28 
and Kates et al30. Schizophrenia is increasingly seen by some as a disorder of aberrant 
connectivity and a growing number of DTI studies in schizophrenia report abnormalities 
in white matter integrity61. Increased white matter density in the splenium of the corpus 
callosum has been reported in patients with 22q11DS in both a structural MRI study 
and a DTI study28;60. The corpus callosum is a midline brain structure reported to be 
affected in psychosis62 and in people with cognitive impairments63 possibly reflecting 
abnormal myelination or abnormal interhemisphere connectivity with subsequent 
differences in brain structure and function. 

Functional MRI in 22q11DS  
With functional magnetic resonance imaging (fMRI), changes in regional blood flow 
in the brain can be visualized, representing blood oxygenation as an indirect measure 
of neuronal activity. To date, few fMRI studies on patients with 22q11DS have been 
done. Using fMRI, Eliez et al64 explored differences in brain activation patterns between 
patients with 22q11DS and a non-IQ matched control group during a mathematical 
reasoning task hypothesized to activate the parietal lobe. In patients with 22q11DS, 
increased activation was observed in the left supramarginal gyrus (LSMG) as task 
difficulty increased. Aberrant LSMG activation, possibly due to structural deficits of 
the left parietal lobe, may explain decreased math performance commonly reported 
among children with 22q11DS. This finding supports the hypothesis that parietal lobe 
function is altered in patients with 22q11DS, and is consistent with the previous report 
of structural abnormalities in this region29. However, the control group in this study had 
a higher level of intellectual functioning and performed better on the task, which could 
have confounded the results.
Because 22q11DS is associated with deficits in social cognition and visuo-perceptual 
function, Schmitz et al49 investigated the neural substrates of emotional processing in 
adults with 22q11DS using fMRI. Preliminary results suggest that, compared to control 
patients, individuals with 22q11DS showed less activation in areas associated with early 
visual processing, including face perception areas.
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The majority of neuroimaging studies in patients with 22q11DS suffer from methodologi-
cal flaws such as small sample size. However, the existing literature strongly suggests 
specific brain structure abnormalities in patients with 22q11DS (Table 1). The most 
prominent findings include a reduction of overall brain volume, a high prevalence of 
midline defects, structural alterations of cerebellum and frontal lobes, white matter 
abnormalities and decreased gray matter volumes in parietal and temporal areas28-

31;36;47. Furthermore, aberrant white matter tract structure in patients with 22q11DS has 
been described in the first DTI study on patients with 22q11DS60. 

Discussion
The current literature on neurocognition and neuroimaging in 22q11DS is growing. 
Differences in methodology and small sample size make interpretation of the results 
difficult. However, despite these flaws there seems to be evidence for alterations in brain 
function and structure specific for the 22q11DS. The cognitive profile in children with 
22q11DS resembles that of children with NVLD, resulting in difficulties with visual 
attention, social competence, emotional distress, concept formation and problem solving. 
The presence of psychosis in adult patients with 22q11DS seems to especially affect tasks 
involving prefrontal lobe function, resulting in poor planning and executive functions. 
Furthermore, there seems to be evidence that in people with 22q11DS structural brain 
abnormalities are present already in childhood, affecting both gray and white matter in 
several brain regions. Total brain matter volume reduction and CSF increase seem to be 
particularly pronounced in psychosis associated with 22q11DS. 
Although we have attempted to summarize and interpret the functional and structural 
brain abnormalities of patients with 22q11DS, it has to be noted that the relationship 
between brain areas and complex behavior is still poorly understood. Thus far, little is 
known about the interaction of brain structures and brain activity and behavior. Also, 
no longitudinal studies have been performed examining differences in initial pathology 
or different developmental subtypes of 22q11DS. These issues need to be addressed in 
future research.
It has been suggested that, within the 22q11DS population, additional genetic factors 
may modulate the neurobehavioral phenotype8;9;65. Recent reports suggest that 
parental origin of the deletion impacts brain development17;65. Moreover, other studies 
showed that familial transmission indicates lower cognitive outcomes than de novo 
cases8;9. Considered together, these studies could suggest that the greater severity of 
disabilities may be explained by maternal origin of the deletion rather than by familial 
transmission, which would imply an imprinting effect due to the parental origin of the 
deletion. Imprinting is a genetic mechanism in which gene expression is modulated 
by the parental origin of the chromosome on which the gene is located66. Research on 
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imprinting has shown that parental origin of a genomic deletion can affect the physical 
and cognitive phenotype of individuals with a genetic disorder67.
The recent finding that adults with 22q11DS are at increased risk of developing psychosis 
particularly schizophrenia7;68-70, creates a unique opportunity to identify susceptibility 
genes at chromosome 22q11 for schizophrenia. It is likely that haploinsufficiency (reduced 
gene dosage) of neurodevelopmental genes mapping to chromosome 22q11 underlies 
the above described cognitive deficits and brain alterations observed in individuals 
with 22q11DS. For example, the gene for catechol-O-methyltransferase (COMT), an 
enzyme that degrades catecholamines including dopamine, is located on chromosome 
22q11. Variety in the activity of COMT, caused by a functional polymorphism, has 
been shown to have neurobiological effects specific to the prefrontal cortex, thereby 
possibly modulating the risk for schizophrenia in the general population71. The COMT 
high activity (Val) allele is associated with impaired performance on tasks of prefrontal 
cognition in people with schizophrenia; the COMT low activity (Met) allele is associated 
with better neurocognitive performance on measures of attention and processing speed 
in people with chronic schizophrenia72-74. Although there is little evidence yet that COMT 
plays a major role in the development of schizophrenia in 22q11DS, it cannot be excluded 
that reduced gene dosage of COMT affects the integrity of the dopaminergic system, 
thereby increasing susceptibility for schizophrenia in people with 22q11DS. Another 
potential candidate gene for schizophrenia in 22q11DS is the proline dehydrogenase 
(PRODH) gene, also located at chromosome 22q11. PRODH is located in mitochondria 
and catalyzes the conversion of enzymes that can be converted to glutamate or GABA, 
both neurotransmitters considered to play a role in schizophrenia75. Furthermore, mice 
homozygous for a truncation of PRODH displayed abnormal pre-pulse inhibition of 
acoustic startle response, which is a quantitative biological trait for schizophrenia76;77. 
However, in a large sample of patients with schizophrenia no association between the 
PRODH gene and schizophrenia could be confirmed78. 
So far, it remains unclear what exactly causes psychosis in patients with 22q11DS, and 
why some of these patients who apparently lack the same chromosomal region develop 
schizophrenia and others do not. Future studies further investigating genes which are 
located on the 22q11 region are needed to increase our knowledge of the nature of the 
relationship between 22q11DS and schizophrenia.
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Abstract
Biochemical and pharmacological studies indicate that schizophrenia is associated 
with excessive stimulation of striatal dopamine D2 receptors and deficient stimulation 
of prefrontal dopamine D1 receptors; furthermore, D2 receptor antagonists reduce 
psychotic symptoms. Catechol-O-methyltransferase (COMT) is an enzyme that is critical 
in the metabolic degradation of dopamine, particularly in the frontal cortex. The COMT 
gene contains a functional polymorphism resulting in  decreased enzymatic activity. 
Disturbances of dopaminergic neurotransmission, for example by fluctuations in COMT, 
may lead to increased susceptibility for psychiatric diseases in which dopamine is 
assumed to play a role. Therefore, COMT may play a role in schizophrenia susceptibility 
by modulating dopaminergic neurotransmission. This hypothesis is supported by data 
suggesting that the COMT polymorphism may influence prefrontal cognition, aggressive 
behavior and the risk of developing schizophrenia in humans. The COMT gene is located 
on chromosome 22q11; deletions of this region are associated with a specific clinical 
phenotype, the velocardiofacial syndrome (VCFS). People with VCFS have compared 
to the normal population a 25 times higher chance of developing schizophrenia. As a 
result COMT has been a focus of interest in schizophrenia research. In this chapter the 
available literature will be reviewed. The neurobiology of COMT and the impact of the 
functional polymorphism in people with or at risk for schizophrenia will be discussed. 
Directions for future research investigating COMT as a candidate gene for schizophrenia 
will be discussed.
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Introduction 
Schizophrenia is a chronic and disabling mental disorder, affecting about 1 percent of 
people. Symptoms of the disease usually begin in late adolescence or early adulthood and 
continue throughout life in most patients. Schizophrenia is characterized by “positive 
symptoms” including delusions, hallucinations and disorganization of thoughts and 
speech, and by “negative symptoms”, including attention deficits, loss of motivation and 
drive, flattening of affect and social withdrawal1. Cognitive dysfunctions, e.g. working 
memory impairments, are frequently reported in patients with schizophrenia and result 
in significant functional loss2. Mortality is high among patients with schizophrenia: 
about 10 percent of patients dies of suicide3. 
Genetic epidemiologic findings including results of twin studies indicate a significant 
genetic component accounting for up to 80 percent of the risk for schizophrenia4-6. 
Schizophrenia is a complex disease; several genes have been associated with the disease 
but thus far no major effect of a single gene has been identified. In addition to genetic 
factors, environmental components of the pathogenesis of schizophrenia, including 
perinatal and childhood brain injury and psychosocial stress, account for about 20 
percent of disease risk4, 5.
Stimulant drugs including cocaine and amphetamines, which increase dopaminergic 
transmission, may increase the probability of developing schizophrenia. This observation 
has resulted into hypotheses concerning the etiology of schizophrenia. Furthermore, 
all currently available antipsychotic drugs decrease dopaminergic neurotransmission 
by blocking the postsynaptic dopamine D2 receptors. Decrease of dopaminergic 
neurotransmission in psychotic patients results in improvement of attentional and 
perceptual abilities and leads to a decreased intensity of delusions and hallucinations1. 
However, the role of dopamine in the brain has proven to be a complex one. Blockade of 
dopaminergic neurotransmission only partly alleviates the symptoms of schizophrenia. 
Results from positron emission tomography (PET) and single photon emission computed 
tomography (SPECT) studies indicate that during acute psychotic episodes occupancy 
of dopamine D2 receptors in the basal ganglia is increased7. In contrast, the cognitive 
impairment commonly seen in patients with schizophrenia may be a consequence of 
decreased dopaminergic activity in the frontal cortex8. The activity of both cortical 
pyramidal neurons and inhibitory interneurons (regulating cortical neurons) is 
modulated by dopaminergic neurons, and by serotonergic, cholinergic and noradrenergic 
neurons. The first antipsychotic drugs used to treat schizophrenia resulted in an 
immediate blockade of dopamine D2 receptors. This resulted in a partial antipsychotic 
effect but also in extrapyramidal movement disorders resembling Parkinson’s disease, 
reflecting the blockade of nigostriatal dopaminergic transmission1. Second-generation 
antipsychotic agents are also D2 receptor antagonists but bind less tightly to the D2 
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receptor than first-generation antipsychotics9; also D2-receptor antagonism is not the 
only therapeutic mechanism. Clozapine, for example, has antagonist effects at D1, D2 
and D4 dopamine receptors, as well as at norepinephrine and serotonin receptors. Even 
newer antipsychotic drugs, like risperidone, olanzapine and quetiapine, are effective by 
blocking both D2 and serotonergic (5-HT2A) receptors1. The second-generation drugs 
are effective antipsychotic agents without many of the extrapyramidal effects of the 
first-generation drugs. 
Neuropsychiatric disorders in which dopamine is assumed to play a role, may be (partly) 
caused by aberrations in systems balancing dopaminergic transmission. COMT is an 
important enzyme in the central nervous system because it metabolizes catecholamine 
neurotransmitters such as dopamine and (nor)epinephrine. By catalyzing dopamine 
degradation, COMT plays a role in balancing the dopaminergic system. Disturbances of 
this system, for example by fluctuations in COMT enzyme activity, are expected to affect 
susceptibility for neurological and psychiatric diseases. This is why COMT has received 
increasing attention in neuropsychiatric research. In addition, COMT is an interesting 
candidate gene for schizophrenia not only because of its role in dopamine metabolism. 
The COMT gene is located on chromosome 22q11, a region implicated in schizophrenia 
by several linkage studies10, 11. Furthermore, this is the region deleted in velocardiofacial 
syndrome (VCFS). VCFS patients have a characteristic clinical phenotype and a 25 times 
higher chance of developing schizophrenia compared to the general population12. Reduced 
expression of COMT because of its location in the chromosome 22q11 deletion might 
partially underlie the increased risk of schizophrenia seen in VCFS. Also, inhibitors of 
COMT, for example tolcapone, have a clinical application in the treatment of Parkinson’s 
disease, as adjuncts to levodopa13. This suggests even more a clinically significant role 
for COMT in dopaminergic neurotransmission. A common polymorphism resulting 
in a amino acid substitution was found in the COMT gene, giving rise to a three- to 
fourfold decrease of enzyme activity14. Because dopamine is assumed to play a role in 
the pathogenesis of schizophrenia, the COMT gene has received increasing attention in 
schizophrenia research.

We performed a literature search using PubMed in order to review the current literature 
on COMT. In this chapter we will summarize the current knowledge about COMT and 
discuss the possible role of the gene in behavior and psychiatric illness. We start this 
chapter with a fundamental explaining of the chemical and molecular characteristics of 
COMT and some results of animal studies. Next, we review the evidence for a relationship 
between COMT, brain function and psychiatric disorders. We end this chapter with 
focusing on the role of COMT in (subtypes of) schizophrenia. Although recently the 
COMT gene has received increasing attention because of its possible association with 
estrogens15, 16, we will restrict this chapter to the role of the COMT gene in the brain. 
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Characteristics of catechol-O-methyltransferase

Catechol-O-methyltransferase catalyzes catecholamine degradation  
Catechol-O-methyltransferase (COMT) is an non-tissue specific enzyme occurring 
in plants, microorganisms and animals14. The enzyme was first described in 1958 by 
Axelrod and coworkers17 and is studied extensively since then. COMT catalyzes the 
transfer of a methyl group from the coenzyme S-adenosyl-L-methionine (AdoMet) 
to one of the hydroxyls of catecholamines in the presence of Mg2+14, 18. By catalyzing 
this methylation, COMT inactivates catecholamine neurotransmitters (dopamine, 
norepinephrine and epinephrine) and catechol drugs (such as levodopa). The synaptic 
action of catecholamines is terminated primarily by reuptake into presynaptic nerve 
terminals (uptake 1) where they are either returned into storage vesicles or metabolized 
by monoamine oxidase (MAO)-A. Another less important route is uptake into glial cells 
(uptake 2) where catecholamines are also metabolized by COMT and/or MAO. Under 
normal conditions the contribution of COMT remains relatively insignificant because 
uptake 1 is an efficient elimination system19, 20. Although this may suggest that COMT 
mainly does its work in glia cells, COMT activity was also shown in neuronal bodies and 
in postsynaptic dendritic spines in human and rat brains21, 22. In fact, pharmacological 
studies indicate that degradation of dopamine by COMT at most dopaminergic synapses 
takes place at the postsynaptic neuron23.
COMT along with monoamine oxidases (MAO-A and MAO-B) are the major mammalian 
enzymes involved in the metabolic degradation of dopamine, norepinephrine and 
epinephrine. Dopamine is converted by COMT into 3-methoxytyramine (and by further 
deamination by MAO into homovanillic acid [HVA]), norepinephrine is converted into 
normetanephrine and epinephrine into metanephrine14. Alternative metabolic pathways 
for inactivating catecholamines include sulphate and glucuronide conjugations 
and oxidative deamination by MAO19. In summary, the primary way of terminating 
synaptic action of catecholamines is transport to the presynaptic nerve terminals by 
the neurotransmitter reuptake system20, a second less important route is enzymatic 
metabolization by COMT and MAO. 

The COMT gene encodes two isoforms  
The COMT gene has been mapped to chromosome 22q11.224. The gene contains 6 exons 
(see Figure 1), of which exons 1 and 2 are noncoding. The gene encodes two isoforms of 
the enzyme: the membrane-bound (MB-COMT) and the soluble (S-COMT) forms of the 
enzyme25. The S-COMT and MB-COMT polypeptides are partly identical and differ only 
by a 50 amino acid hydrophobic N-terminal sequence that is present in the MB form25. 
Expression of the COMT gene is controlled by two distinct promoters25, 26. The 1.3 kb 
soluble and the 1.5 kb membrane-bound isoform of COMT are considered to be separate 

proefschrift.indb   51 27-9-2007   11:16:27



52

transcriptional units because their transcription start sites and first exons are distinct27. 
S-COMT activity is by far the most prevalent in all tissues, while MB-COMT activity 
represents less than 5% of the total COMT activity in humans25, 28. The only exception is 
the human brain, where MB-COMT seems far more prevalent than S-COMT25. Western 
blot analysis has shown that the ratio of MB- to S-COMT protein in human brain is 
about 70:3025. Therefore, it follows that in the brain MB-COMT is more important than 
S-COMT as methylating enzyme29. 

COMT enzymatic activity is polymorphic  
The level of COMT enzyme activity is polymorphic in human red blood cells (RBC) and 
liver with low, intermediate and high levels of activity31. This variation in enzymatic 
activity was found to be due to a common genetic polymorphism in the COMT gene32. 
This common polymorphism is a guanine to adenosine (G/A) substitution resulting in a 
valine (Val) to methionine (Met) substitution at codon 158 of the MB-COMT and at codon 
108 of the S-COMT (the S-COMT consists of 50 amino acids less than MB-COMT). This 
G/A polymorphism is associated with variation in peripheral COMT enzyme activity 
due to variations in thermostability. Homozygosity for the A allele, COMT Met158Met, 
is associated with thermolability and low enzyme activity resulting in a decrease of 
about 40% in the activity of the enzyme in brain and lymphocytes33. Homozygosity 
for the G allele, COMT Val158Val, is associated with relatively high activity due to 
temperature stability, whereas the heterozygous genotype (Val158Met) is associated with 
intermediate enzyme activity33. The exact molecular basis for the variable enzymatic 
activity associated with the codon 108/158 polymorphism is not clear18, 34. 

Distribution of the COMT polymorphism among populations  
COMT enzyme activity is known to vary among ethnic groups, presumably as a result of 
different population frequencies of the Val and the Met allele. Palmatier and coworkers35 
genotyped 1314 individuals from 30 different populations to estimate the frequencies 
of the two COMT alleles. They reported nearly equal frequencies of the Val and the Met 

Figure 1: Diagram of the COMT gene, showing locations of frequently genotyped SNP ( figure adapted from 
Meyer-Lindenberg et al30).
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allele in Europeans, while in other parts of the world the Val allele, resulting in high 
enzyme activity, was much more common. Furthermore, they sequenced non-human 
primates (e.g. a gorilla, a chimpanzee, an orangutan) to determine the ancestral allele. 
All seven nonhuman primates tested had the G nucleotide at codon 108/158, resulting in 
the high-activity Val allele. This indicates that the Met allele results from an evolutionary 
recent mutation. 

Expression and localization of COMT  
In mammals, COMT is widely distributed in brain and peripheral tissues such as liver 
and kidney which are organs where the highest activities are found36, 37. The fact that 
COMT is distributed widely in different tissues suggests an important role for this 
protein in inactivation of catechol compounds. We will summarize the results of studies 
on expression and localization of COMT in the brain. 

Expression and localization of COMT in human and rat brain  The localization 
of COMT in the brain has been studied in several ways. Results from studies in rats, 
including immunohistochemical studies,21, 37, 38 showed some COMT activity in 
postsynaptic neurons and substantial activity in glial cells. Immunoblotting analysis 
of primary cell cultures of rat brain cells showed that both isoforms (MB/S) of COMT 
occur in glia cells and neurons21. In mammalian cell lines the intracellular localization 
of soluble and membrane-bound isoforms of rat and human COMT was studied in 
detail39. S-COMT was localized in cytosol and in the nucleus; MB-COMT appeared to 
be a microsomal protein. MB-COMT resided in the endoplasmatic reticulum; no MB-
COMT was found in the cell membrane. The intracellular localization of both COMT 
forms could imply that COMT acts in the cytoplasm and possibly also in the nuclear 
compartment. Hence, the substrates of COMT may have to be internalized before their 
methylation by COMT39. Kastner and coworkers22 found that COMT is expressed in 
striatal and cortical neurons that receive dopaminergic projections. Dopaminergic 
neurons in the human ventral tegmental area (VTA) and substantia nigra pars lateralis 
(SNL) are weakly immunoreactive for COMT protein, whereas dopaminergic neurons in 
other cell groups that project to the striatum show no COMT expression. 
Matsumo et al.40 investigated mRNA expression profiles of COMT in the rat forebrain 
and in the human prefrontal cortex, striatum and midbrain. In both humans and rats 
higher densities of COMT mRNA were detected in the prefrontal cortex than in the 
striatum. In the rat forebrain, most COMT mRNA was present in ependymal cells lining 
the cerebral ventricles an in the choroids plexus; this is consistent with other findings in 
rat brain37, 41. Furthermore, COMT mRNA was detected at higher levels in neurons than 
in non-neuronal glial cells in prefrontal cortex and striatum in both human and rat. This 
was a rather unexpected finding, since prior research suggested that COMT was mainly 
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expressed in non-neuronal cells in the brain36, 41, 42. Hong et al.43 investigated COMT 
expression in the human central nervous system (CNS) and found the 1.5kb transcript 
(MB-COMT) in all regions of the human CNS using Northern blots. Spinal cord had the 
highest and the amygdala had the lowest levels of expression. 
In the striatum, neuronal uptake by abundant dopamine transporters is thought 
to terminate the synaptic action of dopamine44. However, in the prefrontal cortex 
dopamine transporters are expressed at low levels within synapses; furthermore, the 
rate of dopamine uptake is slow45, 46. Therefore, it has been hypothesized that regulation 
of dopamine availability in the prefrontal cortex may be ruled by other mechanisms, 
such as degradation of dopamine by COMT40. Indeed it has been reported that COMT 
is responsible for more than 60% of dopamine degradation in the frontal cortex of 
rats47. Interestingly, Matsumoto et al40 reported that the MB-COMT isoform was the 
predominant form expressed in human dorsolateral prefrontal cortex (DLPFC) neurons. 
These findings suggest that MB-COMT could be more relevant in the human prefrontal 
cortex, where dopamine transporter concentrations are low, whereas S-COMT might 
be more relevant in areas with relatively high concentrations of dopamine transporters, 
like the striatum40. 
Dopamine levels in the prefrontal cortex (PFC) are probably inversely related with 
dopamine levels in the striatum. Studies in animals have shown that diminished prefrontal 
dopamine neurotransmission leads to upregulation of striatal dopamine activity48. 
Akil and coworkers49 examined the effect of the COMT Val158Met polymorphism on 
dopamine regulation in postmortem human brain tissue from healthy subjects. They did 
this by measuring tyrosine hydroxylase (TH) mRNA levels in mesencephalic DA neurons. 
TH is the rate-limiting enzyme in dopamine synthesis. The authors hypothesized the 
following: high TH mRNA in mesencephalic DA neurons in normal postmortem brain 
tissue suggests that dopamine must have been low (associated with the high-activity Val 
allele); low TH mRNA suggests that dopamine levels must have been high (associated 
with the low-activity Met allele). In total 23 subjects were included: 10 with the Val/Val 
genotype, 13 with the Val/Met genotype. Indeed, the results showed an effect of COMT 
genotype on TH mRNA levels: in individuals with the Val/Val genotype significantly 
higher levels of  TH mRNA was found than in individuals with the Val/Met genotype. In 
fact TH expression was increased with almost 42%, especially in neuronal populations 
that project to the striatum. The authors suggest that the effect of COMT genotype 
on TH gene expression in the mesencephalon is not a local effect but a manifestation 
of feedback from nondopaminergic to dopaminergic neurons. In other words: direct 
effects of COMT genotype on prefrontal cortical neurons have downstream effects on 
mesencephalic dopaminergic neurons. Support for this hypothesis comes from animal 
studies with COMT knockouts, as will be discussed below: results suggest a selective 
impact from COMT activity on prefrontal cortical dopaminergic signaling50. 

proefschrift.indb   54 27-9-2007   11:16:28



C
hapter 3

Th
e catechol-O

-m
ethyltransferase gene and schizophrenia

55

COMT expression in brain tissue of patients with schizophrenia  Few studies 
studied COMT expression in postmortem brain tissue of patients with schizophrenia. 
Matsumoto and coworkers51 examined the expression of COMT mRNA expression in 
brain tissue from patients with schizophrenia and from normal control subjects using 
in situ hybridization histochemistry. Consistent with other data, the MB-form of COMT 
mRNA (1.5 kb) but not the S-form (1.3kb) was detected in the DLPFC of both patients 
with schizophrenia and control subjects. In gray matter, which contains neurons, more 
COMT mRNA was detected than in white matter, which contains glia cells. Although 
no difference in mean levels of COMT mRNA in the DLPFC between patients with 
schizophrenia and controls was found, there was a difference in laminar distribution. 
In patients with schizophrenia lower levels of COMT mRNA in pyramidal neurons in 
the superficial cortical layers (II/III) were found; in the intermediate and deep layers 
(IV/V) higher expression levels were detected. In controls, no laminar variation was 
found. This suggests that in patients with schizophrenia the synaptic architecture 
of the catecholamine synapses on pyramidal neurons have reorganized across the 
cortical layers. Possibly, the lower levels of COMT mRNA in the external cortical layers 
reflect a decrease of dendrites and spines, due to a process of dendritic arborization 
hypothesized in schizophrenia52. No effect of genotype (Val or Met) was detected on 
COMT mRNA expression, suggesting that the Val/Met polymorphism affects the net 
enzyme activity of COMT without any change in its mRNA levels in the DLPFC. Thus, 
the polymorphism seems to act directly on prefrontal dopamine metabolism. However, 
Bray et al53 reported that a specific haplotype including the Val/Met polymorphism may 
influence COMT expression in patients with schizophrenia. This will be discussed in 
the next paragraph, in relation to reports of a specific COMT haplotype associated with 
increased schizophrenia risk.
Tunbridge and coworkers54 measured COMT mRNAs in DLPFC tissue from patients 
with schizophrenia and control subjects using reverse transcriptase PCR (RT-PCR). In 
addition, they genotyped two common polymorphisms in the COMT gene, of which one 
was the Val/Met polymorphism. In this study, in contrast to the results of Matsumoto 
et al51, COMT mRNA levels did not differ between patients with schizophrenia and 
controls, nor were COMT mRNA levels related to COMT genotypes.
In summary, the majority of COMT expressed in the brain is the MB- isoform of COMT. 
COMT is expressed both in neurons and gliacells, and also on postsynaptic dendritic 
spines. This suggests that COMT not only degrades dopamine in gliacells, but also in 
neurons and in the synaptic cleft. Furthermore, COMT is expressed more in the prefrontal 
cortex than in other regions of the brain, e.g. the striatum. In postmortem brain tissue 
of patients with schizophrenia a different distribution of COMT expression has been 
reported, possibly reflecting abnormal development of cortical microstructure.  
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Results from animal studies on COMT
By studying animal models, a better understanding of the function of a gene can be 
obtained. For example, when a gene is considered to be a candidate for a common, 
complex psychiatric disorder, the availability of a mouse model could lead to better 
understanding of the involvement of this gene, although of course the animal model 
is unlikely to serve as a model for the entire complexity of the disorder. The possible 
role of the COMT gene in neuropsychiatric conditions in which abnormalities of 
catecholaminergic and dopaminergic neurotransmission are hypothesized, has led to 
several animal studies in which the role of the COMT gene is analyzed. Although animal 
studies are important, there are limitations. For example, because the metabolism 
of catecholamines differs between species, the results from animal studies are not 
representative for the human population. Here we will summarize and discuss the 
results of animal studies on COMT.
Gogos et al50 developed and characterized a strain of COMT knockout mice, meaning 
the gene encoding the COMT enzyme was disrupted. Surprisingly, the mice appeared 
to be normal and were able to breed normally. However, relatively minor changes in 
behavior and brain neurochemistry were found as will be discussed below. 

Sex specific changes  Levels of dopamine and norepinephrine were compared in the 
striatum, frontal cortex and hypothalamus of COMT-deficient and wild-type mice. An 
almost 3-fold increase of dopamine levels in the frontal cortex of male COMT-deficient 
mice was observed. Surprisingly, female COMT-deficient mice did not demonstrate 
a similar increase. In contrast, no accompanying changes of dopamine content were 
recorded in either hypothalamus or striatum of either males or females. The increase of 
dopamine levels in the male frontal cortex as compared with striatum is in agreement 
with observations that O-methylation is a prominent step in the clearance of dopamine 
in the frontal cortex but not in the striatum. This suggests a more important role for 
COMT in cortical versus subcortical sites. 

Behavioral phenotype  No significant differences in activity or in stereotypic behavior 
were recorded between the wild-type and the COMT-deficient mice. Homozygous COMT-
deficient female mice demonstrated increased anxiety, but no effect of genotype on anxiety 
behavior was observed for male COMT-deficient mice. In contrast, heterozygous males, 
but not homozygous males or females, showed more aggressive behavior than the wild-
type animals. Huotari et al55 measured levels of catecholamines and their metabolites 
in brain of COMT knockout mice. COMT deficiency did not affect brain dopamine 
and norepinephrine levels although the metabolite levels of these neurotransmitters 
were changed. However, when COMT-disrupted mice were challenged with levodopa, 
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a precursor of dopamine, they showed extensive accumulation of enzymatic products 
of the reaction catalyzed by COMT. This indicates an important role for COMT during 
acute challenges on the catecholaminergic system55.
More research on the COMT knockout mice was done by Haasio and coworkers56. They 
studied COMT-gene-disrupted mice with special emphasis on histopathology and clinical 
chemistry. COMT deficiency (homozygous and heterozygous) did not seem to induce 
significant alterations in tissue histopathology, chemical parameters and behavior.  
As mentioned before, the dopamine reuptake system is the most important pathway 
that eliminates dopamine in the synaptic cleft. Inactivation of dopamine by COMT 
is an alternative pathway. Therefore, under normal conditions the contribution of 
COMT remains secondary, at least in the striatal regions. However, when the dopamine 
transporter is inhibited, the role of other dopamine degrading systems, for example 
COMT, is expected to become more important. Homozygous COMT knockout mice 
showed, when dopamine reuptake was inhibited, higher total tissue dopamine levels in 
striatum and hypothalamus compared to wild-type mice; surprisingly such dopamine 
potentiation in COMT knockout mice was not found in the striatal extracellular fluid57. 
Strangely, hyperactivity due to dopamine reuptake inhibition lasted less long in COMT-
deficient male mice when compared to female COMT-deficient mice and wild-type mice. 
In this study no compensatory changes in the brains of COMT-deficient mice could be 
found. Administration of amphetamines to COMT-deficient mice had no effect on 
striatal, cortical and hypothalamical brain tissue or striatal extracellular dopamine 
concentrations, in spite of clear changes in dopamine metabolism58. 

In conclusion, COMT-disrupted mice clearly show behavioral disturbances, especially 
increased anxiety and aggression, which supports a possible link between abnormalities 
of COMT function and psychiatric disorders. However, besides behavioral abnormalities 
the COMT-deficient mice are able to develop fairly normal, suggesting the existence 
of compensatory mechanisms to overcome the lack of COMT. More detailed analysis 
of compensatory changes that occur in the brains of COMT-deficient mice should be 
performed, e.g. by using micro-array gene expression analysis. 

COMT polymorphism, normal brain function and 
psychopathology

COMT and 22q11 deletion syndrome  
Velocardiofacial syndrome (VCFS), also called 22q11 deletion syndrome (22q11DS), 
Shprintzen syndrome or DiGeorge syndrome, is associated with a small interstitial deletion 
at the long arm of chromosome 22 containing several identified genes. In the majority 
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of VCFS patients an interstitial deletion is detected by fluorescence in situ hybridization 
(FISH)59. The commonly deleted region in VCFS has a length of approximately 3 MB 
and contains 30-50 genes. Clinically, the physical features of the syndrome include cleft 
palate, cardiac anomalies, a typical facial appearance and intellectual impairments60-62. 
The behavioral phenotype is characterized by social withdrawal, anxiety, shyness and 
impulsivity with poor attention and concentration63. The frequency of schizophrenia 
among VCFS patients is much higher than in the general population12; also VCFS 
patients are more prone to develop bipolar disorder and attention deficit hyperactivity 
disorder12, 64. With a prevalence of psychosis from up to 30% within the population of 
22q11DS patients, 22q11 microdeletions represent the highest known genetic risk factor 
for the development of schizophrenia, second only to that of the monozygotic co-twin 
of an affected individual or the offspring of two schizophrenic parents. The other way 
around, in schizophrenia patients are 22q11 deletions identified in up to 2%65, which is a 
higher frequency than in the general population where the frequency of 22q11 deletions 
is estimated at 0.025%60. Moreover, in the cases with childhood-onset schizophrenia the 
rate of 22q11 microdeletions has been found in up to 6%66. Schizophrenia patients with 
22q11 deletions present features associated with VCFS, such as a history of learning 
problems, various degrees of facial dysmorphology65 and an increased frequency of 
obsessive-compulsive symptoms64, suggesting that the deleted region on 22q11 harbors 
genes with a contribution to schizophrenia susceptibility. It is possible that psychosis 
related to 22q11 deletion represents a homogeneous subtype of schizophrenia67. 
This makes the 22q11 deletion syndrome a unique model for studying schizophrenia 
susceptibility68, 69. COMT seems to have specific affinity for frontal brain regions and 
accounts for variation of cognitive abilities involving the prefrontal cortex. It is likely 
that dysfunction of the prefrontal cortex underlies –at least partially- the cognitive, 
behavioral and psychiatric phenotype of patients with 22q11 deletion syndrome. Patients 
with 22q11 deletion syndrome have a reduced gene dosage of COMT, what makes them 
more susceptible for changes in COMT activity. Therefore, the 22q11 deletion syndrome 
can also serve as a model for studying the involvement of COMT in psychosis. 

COMT and schizophrenia  
To date, several studies have investigated the relationship between the COMT gene 
and schizophrenia susceptibility. Several linkage studies suggest the presence of one or 
more loci contributing to schizophrenia susceptibility at chromosome 22q70-76. Evidence 
for suggestive linkage for schizophrenia on chromosome 22 is recently reviewed by 
O’Donovan et al5 and by Harrison and Owen4. One of the loci that have repeatedly 
shown linkage with schizophrenia is the region on chromosome 22q1110, 11. Therefore, 
this locus is likely to harbor susceptibility genes for schizophrenia. The high rates of 
schizophrenia in patients with a deletion of 22q11 suggest even more a role of this locus 
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in schizophrenia vulnerability. The fact that COMT plays a role in the degradation of 
dopamine further increases its potential as a candidate gene for schizophrenia.

Studies supporting the role of the COMT gene in schizophrenia susceptibility  
One of the first large association studies was done by Karayiorgou and coworkers77. They 
investigated the involvement of the COMT gene in the development of schizophrenia by 
screening the COMT gene for mutations in 157 schizophrenia patients and 129 healthy 
controls. No mutations were found, but several sequence variants were identified, 
including the known Val158Met polymorphism. No significant differences in the 
frequency distribution of Val158Met genotypes were found between the schizophrenia 
patients and the control subjects. 
The largest association study in schizophrenia to date has been performed by Shifman 
and coworkers78. They reported a highly significant association between schizophrenia 
and a COMT haplotype in a large case control sample (> 700 patients and 4000 control 
subjects). The authors tested not only the Val158Met polymorphism, but also several 
other SNPs across the COMT gene. Interestingly, the evidence for association between 
schizophrenia and the Val158Met polymorphism was modest, but when this SNP was 
analyzed as part of a haplotype that included two other noncoding SNPs, a highly 
significant association was achieved. The two additional polymorphisms in the haplotype 
were themselves highly significantly associated. These data suggest that the COMT 
locus indeed is involved in schizophrenia susceptibility, although the effect cannot be 
entirely accounted for by the Val158Met polymorphism alone; other functional variants 
are likely to exist. Remarkably, one of the SNPs found to be significantly associated with 
schizophrenia (not the Val158Met polymorphism), showed a sex-specific distribution: 
the frequencies of alleles differed between men and women in the general population. 
Therefore, this finding suggests an unexplained sex-specific genetic component in 
schizophrenia. Proceeding the study of Shifman et al., Bray and coworkers53 hypothesized 
that the expression of COMT could be regulated in the presence of the “at risk haplotype” 
according to Shifman78. They investigated levels of COMT expression in the CNS and 
looked for association with the “schizophrenia susceptibility haplotype”, using mRNA 
from postmortem human brain. Interestingly, the “at risk haplotype” was associated 
with reduced expression of the COMT gene in CNS tissue. Furthermore, Bray et al 
investigated the SNP that showed highest association with schizophrenia and was part 
of the “schizophrenia susceptibility haplotype”78. The allele that was overrepresented 
in patients with schizophrenia showed lower relative expression in brain tissue. These 
results suggest that COMT variants other than the Val158Met polymorphism are of 
functional importance in human brain. Furthermore, the COMT haplotype implicated 
in schizophrenia is likely to exert its effect (directly or indirectly) by down-regulating 
COMT mRNA expression and protein stability. 

proefschrift.indb   59 27-9-2007   11:16:29



60

Several studies have investigated a possible association between COMT and 
schizophrenia. Wonodi79 et al compared allele frequencies of the high-activity variant 
Val allele between 96 schizophrenia patients and 80 healthy controls and found a 
significantly higher frequency of the Val allele in schizophrenia patients compared to 
controls. Furthermore, they calculated the population attributable risk and found that 
the Val allele accounted for as much as 23% of schizophrenia in their population. Kremer 
et al80 performed a family-based and a case-control study with the COMT Val158Met  
polymorphism and schizophrenia in Palestinian Arabs. By case-control analysis a non-
significant excess of the COMT high activity Val allele in schizophrenia was found; this 
finding only reached significance in the female patient group. When using a family based 
design, no evidence for preferential transmission of the Val allele from heterozygous 
parent to proband was observed. No significant association was detected using the family 
based design, suggesting that the results from the case-control study were false positive. 
Avramopoulos et al81 reported that the genotype of the COMT Val158Met polymorphism 
correlated to self-reported schizotypy scores in healthy Greek males. Schizotypal 
personality often precedes the development of schizophrenia and is considered to be 
part of the schizophrenia spectrum. The Schizotypal Personality Questionnaire showed 
higher scores for the high actvity Val allele homozygotes, intermediate scores for Val/
Met heterozygotes and lower scores for the low activity Met allele homozygotes. Thereby 
these results suggest that the COMT gene contributes to schizophrenia spectrum 
disease susceptibility. Chaldee et al82 reported a trend toward association between 
schizophrenia and two COMT polymorphisms of which one was in complete linkage 
disequillibrium with the Val158Met polymorphism. The results suggest a possible minor 
effect of COMT in a multifactorial threshold model of vulnerability to schizophrenia. 
Park et al83 reported no significant association between the COMT genotypes and risk 
of schizophrenia in a Korean population of patients with schizophrenia and controls. 
However, when cases were stratified by family history of schizophrenia, a significant 
combined effect was seen: the cases with concurrent family history of schizophrenia and 
with at least one low activity Met allele had an almost 4-fold higher risk of schizophrenia 
compared to controls homozygous for the high activity Val allele. Herken et al84 
reported no significant differences in COMT Val158Met genotype frequencies between 
patients and controls in a Turkish population. However, the patients homozygous for 
the low activity Met allele scored higher on the Brief Psychiatric Rating Scale (BPRS) 
indicating that these patients had much more severe clinical signs. Finally, Ohmori and 
coworkers85 reported the low-activity Met allele to occur more frequently in patients 
with schizophrenia than in healthy controls in a Japanese population. 
Taken together these studies provide modest evidence for association between COMT 
and schizophrenia. However, there is no common schizophrenia haplotype, since some 
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studies found a higher frequency of the Val allele while others reported the Met allele to 
be more frequent among schizophrenia patients. 

Studies not supporting the role of the COMT gene in schizophrenia susceptibility 
Several studies could not replicate the association between COMT and schizophrenia. 
Strous et al86 found that the overall frequency of the low-activity Met allele and the 
number of patients homozygous for this allele were slightly increased compared with 
controls, although the data did not reach statistical significance. Wei et al87 performed 
a family-based study to test association between polymorphisms at the COMT locus 
and schizophrenia; association could not be confirmed. Norton et al88 genotyped the 
functional COMT polymorphism together with one other polymorphism in the COMT 
gene and two polymorphisms in MAOA gene in a Caucasian population of patients with 
schizophrenia. No significant differences were found in allele or genotype frequencies 
between patients with schizophrenia and controls. Fan et al89 found no association 
between the COMT gene and schizophrenia susceptibility in a family-based association 
study in a Chinese population. Inada et al90 did not find a significant difference in 
the allele and genotype frequencies between the patients with schizophrenia and the 
healthy controls. However, the daily neuroleptic dosage that patients received during 
their maintenance therapy was significantly higher in patients homozygous for the low 
activity Met allele. These results suggest that the COMT gene might modulate response 
to antipsychotic treatment in patients with schizophrenia; at least the COMT genotype 
may help in the estimation of treatment resistant features of schizophrenia. Chen et al91 
found no differences in genotype and haplotype frequencies of COMT polymorphisms 
between schizophrenic and comparison subjects in a Taiwanese Chinese population. 
Also, Liou et al92 reported no significant association between the Val158Met polymorphism 
and schizophrenia, violence or suicide in a Chinese population. 
In conclusion, several studies tried to find association between COMT and schizophrenia, 
but failed. This could either be due to the possibility that COMT has no effect on risk for 
schizophrenia, or to methodological problems of the studies described.

A major problem in genetic studies on schizophrenia is the fact that most studies lack 
sufficient power. This means that the number of patients in a study should be large 
enough for finding a gene with a small effect on disease risk. A meta-analytic approach 
may assist in estimating population-wide effects of genetic risk factors for illness. 
Therefore, recently a meta-analysis of case-control and family-based studies on COMT 
and schizophrenia was published93. Fourteen case-control studies were included in 
the meta-analysis (all of them are described above) of which two found a statistically 
significant difference in allele frequencies between patients and controls. Five family-
based studies were included, of which two found significant evidence for differential 
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transmission of parental COMT Val/Met alleles to affected offspring. The sample of 
14 case-control studies had more than 90% power to detect a small but significant 
association between the Val/Met allele and schizophrenia but failed to identify such a 
relationship. This does not necessarily mean there is a lack of association but may be 
due to heterogeneity among studies. The two family-based studies that showed positive 
correlation of COMT and schizophrenia were studies of European samples. The results 
of these studies show modest evidence implicating the Val allele as a risk factor for 
schizophrenia. The evidence for association with the Val allele was particularly clear 
among Europeans; no evident contribution of COMT to the schizophrenia risk was 
found in Asian samples.

Association of the COMT polymorphism with other psychopathology 
COMT and aggression  In schizophrenia, the incidence of aggressive and suicidal 
behavior is increased in comparison to the general population3, 94. Although the causes 
of aggression are complex and multi-factorial, some evidence exists that the COMT gene 
may a role in aggressive behavior. This is consistent with the findings in animal models. 
As discussed before, COMT-deficient male mice showed more aggressive behavior than 
their wild-type littermates. Therefore, the possible relationship between the COMT gene 
and aggression has been investigated. Lachman et al95 compared schizophrenia and 
schizo-affective disorder patients with a history of multiple physical assaults against 
those with no history of violence. Individuals showing intermediate levels of violence 
were excluded from the study. A significant association was found between homozygosity 
for the low-activity COMT genotype (Met/Met) and the violent group. In addition, Strous 
et al96 found that low-activity homozygotes (Met/Met) were more likely to be judged by 
their psychiatrist to be at a higher risk for aggressive and dangerous behavior. This work 
was extended97 and schizophrenia patients were assessed for violent behavior using 
a Lifetime History of Aggression scale. A significant association was found between 
aggressive behavior in schizophrenia and the COMT Val158Met polymorphism: scores 
on the aggression scale were higher in individuals homozygous for the low-activity 
Met allele. Kotler et al98 compared the COMT genotype across three groups: a group 
of patients with schizophrenia who had committed homicide; a group of patients with 
schizophrenia who were non-violent; a group of non-violent healthy controls. The low-
activity Met genotype was found excessively in the homicidal schizophrenia group 
compared with the controls. The difference between the homicidal and non-violent 
schizophrenia groups did not reach statistical significance. Furthermore, Rujescu et 
al99 investigated the COMT Val158Met polymorphism in suicide attempters and healthy 
controls and found that low-activity homozygotes (Met/Met) were over-represented in 
violent suicide attempters. Thus, the COMT Val158Met polymorphism may be a modifier 
of suicidal behavior. In contrast, Jones et al100 found that homozygotes for the high-
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activity Val allele scored higher on an aggression scale than heterozygotes. The results 
suggest an association between the Val homozygote and an increased reported rate of 
aggression in schizophrenia. 
In conclusion, although literature is limited, most studies find association between 
aggressive behavior and the low-activity Met allele suggesting that increased 
dopaminergic neurotransmission may enhance aggressive behavior. 

COMT and OCD  Obsessive-compulsive disorder (OCD) is characterized by anxiety-
producing intrusive thoughts and performance of anxiety-reducing rituals101. In patients 
with 22q11DS a high prevalence of obsessive-compulsive symptoms are reported102 
indicating the 22q11 locus might harbor genes predisposing to OCD. Therefore, 
Karayiorgou et al101 investigated the COMT Val158Met polymorphism in OCD patients. 
Their results showed a clear association between COMT and OCD in males, but not in 
females. The homozygous low-activity Met allele genotype appeared to be a strong risk 
factor for OCD in males. The sex-selective association found in this study may indicate 
a sexual dimorphism in COMT activity.  Possibly sex-specific hormones modulate the 
effect of the COMT polymorphism in OCD; females could have evolved mechanisms 
to compensate for their lower levels of COMT activity. A recent meta-analysis further 
investigated the involvement of COMT in OCD103. Three case-control studies and four 
family-based studies (of which two were not previously published) were included in the 
meta-analysis. The case-control studies showed association between OCD and the low-
activity Met allele. Within the family-based studies however, no significant association 
with the COMT gene was found. The fact that this meta-analysis showed insufficient 
evidence to support an association between the COMT gene polymorphism and OCD 
could be due to either insufficient power of the family-based studies, or to false-positive 
results of the case-control studies. Furthermore, there is a wide heterogeneity in the 
clinical presentation of OCD, for which none of the included studies attempted to 
control. 
Because neuroticism, depression and anxiety are highly correlated, Eley et al104 
investigated association between the COMT gene and neuroticism. They genotyped 
the COMT Val158Met polymorphism and a functional repeat in the promoter region of 
the MAOA gene in a sample of individuals scoring extremely high or extremely low on 
neuroticism. In this study, in contrast to data from other studies101, a total absence of 
the low-activity Met allele in highly neurotic males was found, whereas in the females 
an excess of the Met allele was found. In addition, interactions between the MAOA and 
the COMT gene were tested, but no significant effects were found. In summary, there is 
weak and inconsistent support for involvement of the COMT gene in OCD. 
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COMT and affective disorders/bipolar disorder  Bipolar disorder, also known as 
manic depression, is characterized by episodes of depression, hypomania or mixed states. 
The dopaminergic system is thought to play a role in the pathogenesis of both manic 
and depressive episodes. Therefore, several groups studied the role of COMT in bipolar 
disorder. Lachman et al105 reported association between the low activity Met allele and 
the development of bipolar spectrum disorder in a population of patients with 22q11DS. 
In particular they found an association with a rapid-cycling form of bipolar disorder. 
However, when extending this study, no association was found between the COMT 
polymorphism and bipolar disorder in a population of non-22q11DS bipolar patients. 
Also, Kunugi et al106 could not find an association between the COMT polymorphism, 
bipolar disorder and unipolar depression. Even when the bipolar and unipolar patients 
were analyzed together, the distribution of both alleles and genotypes were similar in 
cases and in controls. Also Kirov et al107 could not find association between the COMT 
polymorphism and bipolar disorder in a large family-based study. However, there is a 
possibility that the low-activity allele might modify the course of bipolar disorder by 
inducing a rapid cycling form. This was suggested by the results of Kirov et al108, who 
found the low activity Met allele was more frequent in rapid cycling bipolar disorder. 
Furthermore, patients with at least one Met allele showed a dose-dependent increased 
risk of lifetime occurrence of rapid cycling. This is consistent with the strong association 
found in 22q11DS patients between rapid-cycling bipolar disorder and the low-activity 
(Met) COMT allele105. Furthermore, Papolos et al109 found that in patients diagnosed 
with ultra-ultra rapid cycling bipolar disorder (distinct shifts of mood and activity 
within a 24-48h period), the frequency of the Met allele was much higher than in other 
groups (mainly consisting of rapid cycling bipolar disorder patients). 
In summary, no clear association has been found between the COMT polymorphism 
and bipolar disorder as a whole. However, the low-activity Met allele may be associated 
with a greater risk to rapidly switch from depressive to hypomanic episodes, thereby 
contributing to a vulnerability to develop an unstable (rapid cycling) form of bipolar 
disorder. 

COMT and ADHD  Attention deficit hyperactivity disorder (ADHD) is a childhood 
behavioral disorder characterized by over activity, attention disorders and impulsivity. 
Pharmacological and biochemical studies indicate that imbalances in dopaminergic 
neurotransmission may contribute to the etiology of ADHD110. Therefore, several studies 
investigated possible association between the COMT gene and ADHD. Eisenberg et 
al111 found association between the high-activity Val allele and ADHD. In particular 
association with the impulsive-hyperactive type of ADHD was reported. This is 
consistent with the therapeutic effect of methylphenidate in ADHD. Methylphenidate 
increases dopamine turnover by preventing reuptake; the COMT Val allele increases 
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dopamine clearance in the CNS. A Chinese study reported modest evidence for a role of 
COMT in ADHD: the low-activity Met allele appeared to be preferentially transmitted 
to ADHD boys in a family-based analysis112. In a case-control study the Val allele was 
more frequent in ADHD girls. However, attempts to replicate these findings, have failed 
thus far. At least four family-based studies in populations of Irish, Turkish, Israeli and 
Canadian ADHD children, could not find association between the COMT gene and 
ADHD113-116. 

COMT and anorexia nervosa  Frisch and coworkers117 examined the effect of 
the Val158Met genotype on anorexia nervosa. The COMT gene was associated with 
anorexia in female patients. In the patients with anorexia, the Met/Met genotype 
was more frequent than in the non-transmitted controls. The results suggest that the 
COMT gene is associated with genetic susceptibility to anorexia nervosa, and that 
individuals homozygous for the high-activity Met allele have a two-fold increased risk 
for development of the disorder. 

COMT and substance abuse  Because the dopaminergic system plays a prominent 
role in reward effects after using drugs, the COMT polymorphism has been investigated 
in substance abuse. Vandenbergh et al118 investigated association between the COMT 
polymorphism and drug abuse. They divided their subjects in three groups:  a group of 
patients with a Diagnostic and Statistical Manual of Mental Disorders, fourth edition 
(DSM-IV) diagnosis of drug abuse or dependence, group with drug abuse not meeting 
the DSM criteria for abuse or dependence, and a group of non-users. The high-activity 
Val allele was found most frequent in the group with the DSM diagnosis, followed 
by the “users”. The non-users had the lowest frequency of the high-activity Val allele. 
These results suggest that the Val allele contributes to a greater vulnerability to drug 
abuse. However, these results contradict with data from a recently published and more 
functional study, investigating the effects of amphetamine administration on prefrontal 
functioning in relation to the COMT Val158Met polymorphism119. Prefrontal functioning 
was measured by making functional magnetic resonance imaging (fMRI) during 
a working memory task supposed to activate the prefrontal cortex. The results show 
enhanced efficiency of prefrontal cortex function after amphetamine administration 
in individuals homozygous for the high-activity Val allele. In contrast, in individuals 
homozygous for the low-activity Met allele amphetamine had no effect on cortical 
efficiency at low-to-moderate working memory load and caused deterioration at 
high working memory load. Thus, in individuals homozygous for the Met allele, who 
tend to have superior baseline prefrontal function, the drug had no effect or caused 
deterioration, while in individuals homozygous for the Val allele, with lower levels of 
prefrontal synaptic dopamine, the drug had a positive effect on prefrontal functioning. 
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These results suggest an optimum range for dopamine signaling, with an increase in 
prefrontal functioning when a priori dopamine signaling is low, and a deterioration of 
prefrontal functioning when the dopamine signaling exceeds a critical threshold. Thus, 
this study shows that after amphetamine administration prefrontal cortex functioning 
is dependent not only on the environmental demands (in this study: task conditions) but 
also on the COMT genotype. Hence, response to psychostimulants may be modulated 
by genetic factors. In particular, individuals homozygous for the low-activity Met allele 
appear to be at increased risk for an adverse response to amphetamine. 

COMT and alcoholism  Because ethanol-induced euphoria is associated with rapid 
release of dopamine in limbic areas, the role of the COMT gene polymorphism has been 
investigated in alcoholism. E.g., Tiihonen et al120 hypothesized that individuals with 
the low-activity Met allele would have a relatively low dopamine inactivation rate, and 
therefore would be more vulnerable to the development of alcohol dependence. They 
reported a higher frequency of the low-activity Met allele among alcoholism patients 
in two Finnish populations. Furthermore, the odds ratio for alcoholism for individuals 
having the Met/Met genotype versus those with the Val/Val genotype was 2.51. 
These results suggest that the low-activity Met allele plays a role in the development 
of alcoholism, and that the Met/Met genotype is associated with an increased risk for 
alcoholism. Wang et al121 partly replicated this findings using a family-based approach 
in a sample of Chinese alcoholics. They reported the low-activity Met allele to be 
preferentially transmitted to alcoholic patients with an early-onset of disease. 
In summary, the available evidence supports some role for involvement of the COMT 
gene in alcoholism; in particular the low-activity Met allele seems to increase the risk on 
development of alcohol abuse.

COMT and stress  
Recently, an interesting study on the COMT polymorphism and responses to pain was 
published using PET122. Individuals homozygous for the low-activity Met allele showed 
diminished regional Mu-opioid system responses to pain compared with heterozygotes. 
These effects were accompanied by higher sensory and affective ratings of pain and 
a more negative internal affective state. In subjects homozygous for the high-activity 
Val allele, opposite effects were observed. Thus, the COMT polymorphism seemed to 
cause unique regional neurochemical system activations together with psychophysical 
response traits during pain sensation. Hence, the COMT polymorphism appears to 
influence the human experience of pain and may underlie individual differences in the 
adaptation and responses to pain and other stressful stimuli. Interestingly, a recent 
study explores the possible relationship between the COMT polymorphism and the 
hypothalamic-pituitary-adrenal axis (HPA), which is involved in reactions to stress123 . In 
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this study the reaction of the HPA system on naloxone, an opiod antagonist, was tested. 
Subjects homozygous for the low-activity Met allele had greater adrenocorticotropic 
hormone (ACTH) and cortisol responses to naloxone than subjects who carried the 
high-activity Val allele. Possibly the COMT gene, in particular the low-activity Met allele, 
could mediate response to naloxone through its influence on opioid neurotransmission.

Gender differences in COMT action  
COMT seems to act in a sex-specific manner. This can be concluded from studies 
with COMT knockout mice: female mice lacking the COMT gene displayed impaired 
emotional reactivity in a model for anxiety behavior, whereas male COMT knockout 
mice exhibited increased aggressive behavior50. Remarkably, Shifman et al78 also 
reported sex-specific differences in association between a polymorphism in the COMT 
gene and schizophrenia, but also this trend was seen in their control group. No other 
gender-specific genetic effects have been reported for schizophrenia. However, sex 
differences in the schizophrenia phenotype have been described: compared to women, 
men have a higher incidence of schizophrenia, earlier age of onset, poorer course and 
medication response, poorer premorbid social and intellectual functioning, fewer 
affective symptoms, lower family morbid risk of schizophrenia and affective disorders, 
more evidence of obstetric complications in their mothers, and greater structural brain 
abnormalities124. Sex-specific differences in the schizophrenia phenotype may be related 
to sex-specific differences in COMT activity. A possible mechanism, by which COMT 
can exhibit sex-specific differences, is estrogen metabolism. Estrogen has been reported 
to downregulate COMT transcription15, 125. This provides a molecular mechanism 
for estrogen to inhibit COMT gene transcription and may explain the gender-specific 
differences reported in COMT activity.

COMT and function of the prefrontal cortex
Prefrontal cortex functions and dopamine metabolism  Dopamine is of critical 
importance for functions of the DLPFC. When the DLPFC is removed or when dopamine 
in this region is reduced or blocked, this results in deficits on tasks that are dependent 
on this region, including working memory and inhibition2. Neuroimaging studies have 
shown activation of prefrontal regions during tasks requiring working memory and 
inhibition126. Furthermore, neuroimaging studies have shown that dopaminergic drugs 
improve performance on the Wisoconsin Card Sorting Test (WCST), a task requiring 
prefrontal cortex functioning119, suggesting a role for dopamine in functioning of this 
region. 
Data from studies of neuropsychological and cognitive function, neuroimaging, studies 
of eye movements and electrophysiological studies in patients with schizophrenia 
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consistently report deficits of prefrontal cortex functioning2. This is likely due to a 
genetic predisposition, since healthy siblings of patients with schizophrenia also perform 
abnormally on these tasks2, 127-129. Therefore, abnormal function of the prefrontal 
cortex could be considered as an intermediate phenotype, increasing schizophrenia 
susceptibility. The abnormalities of prefrontal function consistently associated with 
schizophrenia are the following: 1) abnormal performance on executive cognition and 
working memory tasks; 2) reduced physiologic activation of prefrontal cortex during 
certain tasks (reflecting diminished capacity to focus on task); 3) excessive physiologic 
activation of prefrontal cortex during certain tasks (reflecting diminished efficiency)2. A 
recent fMRI study illustrates this: patients with schizophrenia whose performance on a 
cognitive task involving prefrontal cortex function is similar to healthy controls, show 
greater prefrontal activity but achieve lower accuracy than the controls, indicating less 
efficient prefrontal cortex functioning. In contrast, patients with a low performance 
show under activation of the prefrontal cortex130. Therefore, cognitive deficits seen in 
schizophrenia may not be just caused by too much or too little prefrontal activity but 
may rather be an expression of compromised strategies for information processing and 
of dysfunctional circuits involving the prefrontal cortex. 
A consistent result from current research is the finding that COMT is much more important 
for deactivating dopamine in the prefrontal cortex than in other brain regions2, 47, 50, 131. In the 
prefrontal cortex dopamine transporters are expressed in relatively low concentrations 
and not within synapses. This is in contrast with, for example, the striatum, where 
dopamine is inactivated mainly by reuptake in the presynaptic neuron by the dopamine 
transporter. The catabolism of dopamine through the COMT pathway is specific for the 
prefrontal cortex. In the striatum, the role of COMT in degrading dopamine is relatively 
minor. These findings are consistent with results of COMT knockout mice studies, 
reporting increased levels of dopamine in the prefrontal cortex alone, and not in other 
brain regions50. Altogether, these findings suggest an important and specific role for 
COMT in regulating dopaminergic transmission in the prefrontal cortex. Therefore, 
COMT is a modulator of a crucial region implicated in schizophrenia susceptibility. 
A possible model for how dopaminergic neurotransmission is involved in the etiology 
of schizophrenia has been postulated by Sesack132. The prefrontal cortex normally 
regulates midbrain dopaminergic neurons via a balance between direct excitatory 
influences and indirect inhibiting effects. Reduced excitatory activity by the prefrontal 
cortex may lead to reduced loss of drive and motivation, thereby reducing once more 
cortical dopaminergic transmission. Loss of prefrontal dopaminergic transmission 
could further compromise the function of this area, causing deterioration of negative 
symptoms. Interestingly, in postmortem brain tissue of patients with schizophrenia a 
reduced density of prefrontal dopaminergic fibers is found, which is consistent with this 
hypothesis133. On the other side, striatal dopaminergic neurons may be under indirect 
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inhibitory influence of the prefrontal cortex; therefore, reduced prefrontal outflow in 
schizophrenia may lead secondarily to excessive dopaminergic transmission, causing 
positive symptoms. In animal studies, reduced dopaminergic signaling in the prefrontal 
cortex leads to increased responsivity of subcortically projecting midbrain dopaminergic 
neurons to stimuli such as stress134. Furthermore, loss of prefrontal inhibition could 
disrupt aspects of pyramidal neuron function important for working memory tasks, and 
thus may contribute to cognitive dysfunction in schizophrenia135. 

The role of the functional COMT polymorphism in functioning of the prefrontal 
cortex In patients with schizophrenia, deficits in cognitive functions referable to the 
DLPFC have been consistently reported2, 127, 136, 137. Abnormal prefrontal function, 
which is a major feature of schizophrenia, may also represent an intermediate or “endo” 
phenotype related to genetic risk for schizophrenia. Healthy siblings of patients with 
schizophrenia appear to show similar cognitive abnormalities138, further indicating a 
genetic component that may predispose for inefficient prefrontal information processing. 
In Parkinson’s disease, the role of COMT inhibitors is investigated extensively. Data 
from clinical trials indicate that pharmacological inhibition of COMT function with the 
antiparkinsonian agent tolcapone improves cognitive performance13. Cognitive functions 
including attention, short-term memory, visuospatial recall, and constructional praxia, 
improved during treatment with tolcapone, a COMT inhibitor. However, in animal 
models this was not proven139.
Pharmacological studies in rats have shown that O-methylation by COMT is a prominent 
step in the catabolism of dopamine in the frontal cortex but not in the striatum under 
both physiological conditions and after acute treatment with antipsychotics47. In COMT 
knockout mice, similar results have been found: dopamine levels were increased only 
in the prefrontal cortex50. A possible explanation for the regionally selective effect of 
COMT is the fact that in prefrontal cortex dopamine transporters are expressed in 
low abundance and not within synapses46. Therefore, it is likely that released synaptic 
dopamine is inactivated by diffusion, receptor internalization and degradation by 
COMT. Variability in COMT activity may thus have neurobiological effects specific to 
the prefrontal cortex. 
Egan and coworkers127 studied the effect of the COMT polymorphism on frontal lobe 
function and risk for schizophrenia. This was done by measuring executive cognition 
and working memory using the WCST and by measuring activation of the DLPFC 
during the N-back task using fMRI. The WCST is a neuropsychological test that maps 
mainly into the DLPFC. Patients and siblings scored significantly worse on the WCST 
compared with the control group. Individuals with the Val/Val genotype (high COMT 
activity) performed worse than those with the Val/Met and Met/Met genotypes. No 
effect of gender was found. The effect of genotype on WCST performance was found to 
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be of similar effect size in normal subjects and patients with schizophrenia. In the fMRI 
study, individuals with the Val/Val genotype showed greater activation, meaning less 
efficiency, in DLPFC and cingulate cortex, followed by Val/Met and Met/Met individuals. 
Finally, in this population of patients with schizophrenia and their parents, the Val allele 
was transmitted significantly more often than the Met allele, indicating the Val allele 
is (weakly) associated with schizophrenia. The results of this study indicate that the 
low activity Val allele increases prefrontal dopamine catabolism, resulting in impaired 
prefrontal cognition and physiology. By this mechanism the low activity Val allele 
slightly increases the risk for schizophrenia. 
In order to replicate the findings of Egan127, Joober and coworkers140 examined 
performance on the WCST in patients with schizophrenia. A significant effect of 
COMT Val158Met genotype on performance on the WCST was found. Individuals 
homozygous for the Met allele performed significantly better on the WCST compared 
with individuals with one or two Val alleles. These findings remained unchanged 
when the analysis was restricted to schizophrenia patients alone. Remarkably, no 
effect of genotype was found on WCST performance was observed when the analysis 
was restricted to controls. Although the frequency of the high-activity Met allele was 
higher in patients with schizophrenia compared to healthy controls, this difference 
did not reach statistical significance. The conclusion that can be drawn from these 
results is that COMT Val158Met genotype seems to have greater impact upon working 
memory performance in patients with schizophrenia than in normal subjects. Hence, 
these results replicate the findings of Egan et al127 thereby contributing to the evidence 
that the COMT Val158Met polymorphism may play a role in the variance for cognitive 
functions involving the DLPFC. Malhotra and coworkers141 further investigated the 
role of the COMT Val158Met polymorphism on performance on the WCST in healthy 
individuals. Again, a significant effect of genotype was found: individuals with the Met/
Met genotype committed significantly fewer perseverative errors than either the Val/
Met group or the Val/Val group. Thus, individuals with the Met/Met genotype performed 
better on the WCST than Val/Met or Val/Val individuals. Taken together, the studies 
described provide evidence that reduced COMT function (Met allele) is associated with 
improved cognitive performance.
Bilder and coworkers142 examined the effects of the Val158Met polymorphism on cognitive 
functioning in patients with chronic schizophrenia. A significant effect of genotype on 
attention and processing speed was found: again, higher loading of the low-activity 
Met allele was associated with better neurocognitive performance. However, no effect 
of genotype was found on executive and visuoperceptual functions or verbal learning 
and memory. The results were similar when symptoms were included as covariates, 
indicating that it is unlikely that symptoms, e.g. negative symptoms, confounded the 
observed associations. 
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Goldberg and coworkers143 further investigated the role of the COMT Val158Met 
polymorphism on working memory in patients with schizophrenia. Not the WCST 
was used this time to measure working memory, but the N-back task together with the 
Continuous Performance Task (CPT), measuring attentional vigilance. Working memory 
(N-back) and attentional processing (CPT) were assessed in a sample of patients with 
schizophrenia, their healthy siblings and healthy control subjects. The Val/Val genotype 
was associated with the worst and slowest performance, and the Met/Met allele was 
associated with the best and fastest performance in controls, patients and siblings. 
Heterozygous individuals performed intermediate. The three groups were affected more 
or less equivalently by COMT genotype, therefore no group x genotype interactions 
were present. These results support a compromised function of the prefrontal cortex 
in schizophrenia that is likely to be in part heritable. Furthermore, these findings 
are consistent with an “additive genetic” model in which the effect of allele load is 
similar in its effects on prefrontal based working memory irrespective of the genetic of 
environmental background in which it is expressed143. 
Eye movement disturbances are considered to be a neurophysiological marker of 
schizophrenia. These eye movement disturbances include a reduction of smooth pursuit 
gain, an increased number of intrusive saccades and abnormalities on antisaccadic tasks. 
Eye movement disorders are found in 40-80% of patients with schizophrenia, in 25-40% 
of their healthy siblings and in less than 10% of healthy control subjects138. Therefore, 
eye movement disorders are believed to be an endophenotype in schizophrenia. The 
neurophysiological processes underlying eye movement performance are assumed to be 
associated with functioning of the prefrontal cortex. At least they involve integration 
of functions of the prefrontal cortex frontal eye fields, visual and vestibular circuitry, 
thalamus and cerebellum, as well as the muscles and neural circuitry directly responsible 
for eye movement 138. Rybakowski and coworkers144 examined the role of the COMT 
Val158Met polymorphism in eye movement disturbances in patients with schizophrenia. 
In male patients, the low-activity Met allele was associated with less severe eye movement 
disorders. Lack of association between the Met allele and eye movement disturbances in 
female patients with schizophrenia may suggest a sexually dimorphic effect of COMT. 
Brain function can also be measured by using event-related potentials (ERPs). The 
ERP P300 is a possible neurophysiological marker of schizophrenia because increased 
frontal P300 has been associated with increased risk for schizophrenia145. The P300 
is considered a marker for cortically generated “noise”. Frontal noise is negatively 
correlated with performance on cognitive tasks involving the frontal lobe146. Dopamine 
is assumed to reduce the noise in prefrontal neuronal networks during information 
processing. Primate and rat studies have demonstrated that catecholaminergic drugs 
reduce cortically generated neuronal noise, particularly in the prefrontal area, during 
certain tasks147. Gallinat and coworkers146 examined the effect of the Val158Met 
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polymorphism on the P300 in patients with schizophrenia and hypothesized that the 
Met-allele would be associated with lower P300 amplitudes, meaning less presence of 
frontal noise. A significant effect of genotype on frontal P300 amplitude was found. 
Individuals with a Met/Met genotype had smaller P300 amplitudes than individuals 
with a Val/Val genotype. The association between COMT genotype and frontal P300 
was stronger in patients than in control subjects, possibly due to genotype x diagnosis 
interaction. The authors postulate that more suppression of cortical noise is a functional 
effect of the low-activity Met allele. Tsai and coworkers148 found an association with the 
P300 and the COMT gene in healthy Chinese women. No effect of COMT was found on 
P300 amplitude. However, P300 latency was significantly reduced in individuals with 
the Met/Met genotype in comparison to carriers of the Val allele, suggesting a faster 
response to stimuli in Met/Met individuals. In conclusion, data from neurophysiological 
studies indicate that the low-activity Met allele causes the prefrontal cortex to process 
information more efficiently.  
Diamond and coworkers149 investigated prefrontal cognitive functions of healthy, 
developing children and related them to the COMT genotype. They reported that the 
COMT genotype affected a task requiring working memory and inhibition but not a 
task requiring working memory alone. Both tasks require prefrontal cortex functioning, 
however, the task involving both working memory and inhibition seemed to be sensitive 
for prefrontal dopamine levels (modulated by the COMT Val158Met polymorphism), 
whereas the task involving working memory alone, seemed not to be sensitive for 
prefrontal dopamine content. Apparently, two cognitive functions can be both dependent 
on the prefrontal cortex, while the effect of prefrontal dopamine levels on these cognitive 
functions differs. 
Nolan and coworkers150 state that the complex associations found with the COMT 
Val158Met polymorphism are difficult to explain by a unitary hypothesis of increased 
prefrontal dopamine. They found support for a “tonic/phasic dopamine theory” in which 
phasic dopamine acts via D2 receptors in updating or resetting working memory (phasic 
dopamine), while D1 receptors play a role in enhancing stability of working memory (tonic 
dopamine). The low-activity Met allele was hypothesized to be associated with tonic 
activation and cognitive stability and the high-activity Val allele with phasic activation 
and cognitive flexibility, because rapid intrasynaptic dopamine degradation relies on 
reuptake by the dopamine transporter and not on degradation by COMT. They tested 
this using a task that requires alternation between tow rules of responding: imitation 
and reversal; the imitation rule was thought to require cognitive stability, whereas 
the reversal condition should require cognitive flexibility. In total 26 schizophrenia 
patients were tested. A significant effect of genotype on reaction time was found: Met 
homozygotes had shorter reaction times than Val homozygotes. Furthermore, Met 
homozygotes had greater accuracy than Val homozygotes for imitation responses (tonic) 
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but not reversal responses (phasic). Thereby, the low-activity Met allele was associated 
with better cognitive stability but poorer cognitive flexibility. The authors postulate that 
the Met allele leads to increased tonic dopamine activity, thereby contributing to more 
cognitive stability. However, this goes with decreasing flexibility and capacity to shift 
behavior. This could explain why the Met allele has been associated both with better 
cognitive performance and increased aggression96, 97, 141, 142. However, one could argue 
that the WCST also involves mental flexibility. As was mentioned before, individuals 
with the Met/Met genotype perform better on the WCST than individuals with Val/Met 
or Val/Val genotypes. This is in contrast with the suggested paradigm, in which the Met 
allele is associated with cognitive stability and not with flexibility.

In summary, data from research the relationship between cognitive performance 
and COMT indicate that COMT influences prefrontal cortex function by affecting 
dopaminergic transmission in that region. The low-activity Met allele has repeatedly 
been associated with better performance on cognition tasks requiring prefrontal 
function. Recently, several studies described more sophisticated ways to determine 
the exact role of COMT in prefrontal function, e.g. using cognitive flexibility/stability 
paradigms. By refining cognitive phenotypes it may be possible to further unravel the 
role of COMT in cognitive functions.

Conclusion
The COMT gene has received increasing attention in schizophrenia research not only 
because it encodes an enzyme critical in dopamine catabolism but also because it 
maps to chromosome 22q11, the region deleted in VCFS. A functional polymorphism 
in the COMT gene, resulting in a valine-to-methionine substitution, causes variation of 
enzymatic activity. In the brain, individuals with the Val/Val genotype would presumably 
have more rapid inactivation of released dopamine relative to individuals with the Met/
Met genotype, and heterozygous individuals should be intermediate. Animal studies 
have shown that in the prefrontal cortex COMT plays an important role in dopamine 
inactivation. In COMT knockout mice, dopamine levels in the striatum were not altered, 
but dopamine levels in the prefrontal cortex were increased50. Findings in humans also 
support a role for COMT in prefrontal dopamine inactivation. The presence of relatively 
few dopamine transporters in the prefrontal cortex makes it likely that the common 
inactivation route of dopamine, namely reuptake by the dopamine transporter, is less 
important in the prefrontal cortex than in other regions of the brain. Thus, dopamine 
is likely to be deactivated via alternative routes, mainly via COMT. Because the role of 
COMT in inactivating dopamine is much more important in the prefrontal cortex than 
in other brain areas, COMT is likely to be an important modulator of prefrontal cortex 
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functioning. Therefore, since impaired function of the prefrontal cortex in patients with 
schizophrenia has been consistently reported in psychiatric research, variations in 
COMT activity may modulate symptom dimensions in schizophrenia. 
The COMT Val158Met polymorphism has been related to schizophrenia by a number 
of studies. Although results are inconsistent, the high-activity Val allele has been 
associated with increased risk for schizophrenia. More convincing evidence for a role 
of COMT in schizophrenia susceptibility results from studies investigating a possible 
association between COMT and cognitive functions. The Met allele has repeatedly 
been associated with better performance on tests of frontal lobe function, providing a 
possible mechanism by which COMT might act as susceptibility or modifying locus for 
schizophrenia. Therefore, since a direct effect of COMT on the risk for schizophrenia has 
been found hard to prove, it seems more likely that COMT acts by modulating symptom 
dimensions in schizophrenia. These symptom dimensions include cognitive impairments, 
obsessive-compulsive symptoms, aggressive behavior and mood fluctuations. Recently, 
the COMT haplotype implicated in schizophrenia susceptibility was associated 
with lower expression of COMT mRNA. Possibly the COMT haplotype associated 
with schizophrenia exerts its effect, directly of indirectly, by down-regulating COMT 
expression. Less COMT expression in frontal brain regions may change dopaminergic 
transmission, which may lead to increased vulnerability for schizophrenia. 
The role of COMT in schizophrenia has proven to be a complex one. Many questions still 
have to be answered. Future research will need to relate variations in COMT activity 
to clinical, neuropsychological, neuroimaging and electrophysiological data in order to 
further unravel the role of COMT in schizophrenia. Furthermore, since schizophrenia is 
a heterogenous and multigenetic disorder, interactions between different genes should 
be further investigated. With new molecular biological techniques, e.g. micro-arrays, 
more insight will be obtained in molecular mechanisms involved in schizophrenia. 
Eventually, once more knowledge is gained on how COMT modulates the schizophrenia 
phenotype, therapeutic strategies could be developed using COMT as a starting 
point. Understanding how specific genes impact on brain development and neuronal 
function will help us to better understand the mechanisms of symptom dimensions in 
schizophrenia and allow us to better address the needs of different affected individuals 
and their relatives. 

Addendum: recent data
Since publication of this chapter many studies reported on various aspects of COMT; in 
this section we will summarize relevant recent data. 

proefschrift.indb   74 27-9-2007   11:16:30



C
hapter 3

Th
e catechol-O

-m
ethyltransferase gene and schizophrenia

75

COMT and risk of schizophrenia  
The most recent meta-analyses of the COMT Val158Met polymorphism with 
schizophrenia in case-control samples, including data from 23 studies, did not support 
association between COMT Val158Met and risk for schizophrenia151, 152. Furthermore, 
an extremely large replication study including over 2800 individuals (with almost 1200 
schizophrenia patients) to follow up previous reports of strong haplotypic association 
of COMT in Ashkenazi Jewish78 and Irish153 subjects, found no evidence for association 
of schizophrenia with the COMT gene with any single marker or haplotype, and no 
association with gender154. However, significant association was recently reported with 
a three-marker haplotype spanning the 3’ regions of COMT and ARVCF (armadillo 
repeat deleted in VCFS), including the COMT Val158Met polymorphism155. This finding 
may suggest that – although the COMT Val158Met polymorphism itself probably does 
not confer risk for schizophrenia – genetic variation across COMT and ARVCF may 
contribute to schizophrenia susceptibility. This is consistent with Handoko et al156 who 
reported no association with the COMT Val158Met polymorphism but with a three-
marker haplotype spanning the whole COMT gene in a sample of Australian Caucasian 
families containing 107 patients with schizophrenia or schizoaffective disorder.

New data on protein expression and enzyme activity  
Recently, a larger than usual MB-COMT isoform was detected, with relative increased 
expression in patients with schizophrenia and bipolar disorder157. Whether this variant 
is a result from alternative splicing or from post-translational modification, remains 
to be clarified. However, the existence of a new isoform, possibly relatively insensitive 
to the destabilizing effects of the Met allele157, further obscures the already complex 
relationship between the COMT Val158Met polymorphism and schizophrenia. The story 
of COMT seems to become even more complicated since publication of a recent paper 
on modulation of COMT protein expression by haplotypes in the COMT gene158. Three 
frequent haplotypes were tested, consisting of 4 alleles: 3 synonymous SNPs and the 
COMT Val158Met polymorphism. The 3 haplotypes were associated with differences in 
COMT protein activity. The authors found that the variation in enzymatic activity was 
caused by a reduction in the amount of translated protein, due to variation in messenger 
RNA (mRNA) local stem-loop structures. Differences in secondary structure affected 
stability of the protein: the more stable the secondary protein structure, the less protein 
levels and enzymatic activity were measured. Elimination of the stable structure 
by site-directed mutagenesis restored the amount of translated protein. These data 
suggest that variation in COMT enzymatic activity may not be exclusively caused by 
fluctuations in thermostability of the COMT enzyme32, 33, or by expression differences53, 
but also by variation in mRNA local stem-loop structures due to different haplotypes 
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in the COMT gene. It is possible that conflicting results of previous association studies 
can be explained by  modulation of mRNA secondary structure by haplotypes in the 
COMT gene. To test this possibility, it is necessary to re-analyze previous data using 
the haplotypes reported by Nackley et al, and to analyze effects of other haplotypes on 
mRNA secondary structure. 
Expression of COMT protein in the human brain during postnatal development was 
recently investigated by Tunbridge and coworkers159. They demonstrated that COMT 
activity increases significantly in the human DLPFC during development, with maximum 
activity in adulthood. Since the PFC dopamine system matures until at least young 
adulthood in humans, COMT may play an important role in PFC dopamine regulation 
during brain development and maturation. These findings may have important 
implications for schizophrenia, a disorder typically emerging during adolescence in 
which the dopaminergic system is assumed to play a crucial role.

COMT and cognition, brain physiology and dopamine regulation  
Developmental changes in the dopaminergic system during adolescence and their 
relationship with COMT genotype have recently been further explored by Wahlstrom 
and coworkers160. Their findings demonstrate that COMT Val158Met genotype modulates 
performance on working memory, attention, and motor planning tasks in children and 
adolescents aged 9-17. Whereas in typically developed adult samples Met/Met genotype 
predicts optimal prefrontal functioning (with Val/Val individuals performing worst, 
and Val/Met individuals performing intermediate)119, 127, 143, in adolescents optimum 
performance was observed in subjects with Val/Met genotype. Therefore in adolescence 
the inverted U-shaped relationship between cortical dopamine levels and PFC function161 
seems to be shifted to the right, with Val/Met subjects outperforming both Val/Val and 
Met/Met groups. Additional research is needed to clarify relationships between COMT 
Val158Met genotype, developmental changes in the dopaminergic system, and cognitive 
performance.
Recently, several studies further investigated association between COMT and cognition 
in populations of healthy young subjects. A large population-based study in a cohort of 
healthy young man reported association between the COMT Val allele and schizotypy, 
but failed to detect effects of COMT Val158Met genotype on measures of executive 
functioning and cognition162, 163. However in the same cohort, COMT Met allele loading 
was associated with reduced reaction time variability on the Continuous Performance 
Test164. The authors suggest that Met genotype loading may confer enhanced “tuning” 
or greater stability in performance, possibly by stabilizing active neural representations 
in the prefrontal cortex during tasks involving working memory. This is consistent with 
phenotypic associations of COMT in relation to the tonic-phasic dopamine hypothesis 
as proposed by Bilder et al165. McIntosh and coworkers166 investigated a cohort of healthy 
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subjects at high risk for developing psychosis (due to the presence of more than one 
affected family member) and found that with increasing levels of the COMT Val allele 
the anterior cingulate cortex showed decreasing GM density; furthermore, this region 
showed increasing activation during a sentence completion task as the task became 
more difficult. 
Evidence for an effect of COMT Val158Met genotype on prefrontal function is established 
not only in healthy controls, but also in patients with schizophrenia. Bertolino et 
al167 replicated earlier findings of inefficient prefrontal function during working 
memory tasks in both patients with schizophrenia and healthy controls using an 
fMRI paradigm. Furthermore, Ehlis and coworkers168 recently reported similar data, 
including better working memory performance in schizophrenia patients with Met/
Met genotype when compared to patients with at least one Val allele; and reduced 
electrophysiological activation in prefrontal brain areas during these tasks in Val allele 
carriers. Endophenotypes including electrophysiological measures and eye movements, 
are increasingly used in schizophrenia genetics studies. For example, Thaker and 
coworkers169 investigated association between COMT Val158Met genotype and eye 
tracking and reported that schizophrenia patients with Met/Met genotype performed 
significantly worse than healthy Met/Met subjects on eye tracking measures including 
predictive pursuit eye movements. Healthy subjects with Met/Met genotype performed 
significantly better than healthy subjects with Val/Val genotype whereas performance 
of schizophrenia patients with Met/Met genotype was worse (although not significantly) 
than patients with Val/Val genotype. Eye movement disorders have been reported in 
schizophrenia previously and are thought to reflect working memory problems and 
aberrant functioning of the PFC. Dysfunction of the PFC is probably also reflected by 
frontal electrophysiological measures. Using quantitative event-related EEG analysis as 
an endophenotype, Winterer and coworkers170 investigated effects of COMT Val158Met 
genotype on prefrontal “noise” as measured by electrophysiologic response variability. 
They found that people homozygous for the Val allele had greater prefrontal “noise” values 
than people with at least one Met allele; this effect was stronger when only male subjects 
were considered, but was present in healthy controls, patients with schizophrenia, and 
healthy siblings. Additional work from the same investigators showed that healthy 
males with Met/Met genotype had greater BOLD activation during a visual oddball 
task; however Val carriers showed greater variance, i.e. “noise” in prefrontal areas during 
this task171. The authors hypothesize that COMT may regulate prefrontal signal-to-noise 
ratios by influencing dopamine concentrations in the prefrontal cortex. 
Using multitracer PET technology, Meyer-Lindenberg and coworkers172 recently showed 
that COMT Val carriers had significantly higher radiolabeled F-DOPA uptake rates in 
the midbrain than Met homozygotes. The results of this in vivo neuroimaging study are 
consistent with earlier post-mortem data: expression of TH, the rate-limiting enzyme 
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in dopamine synthesis, in the midbrain has previously been associated with COMT 
Val158Met genotype. Val homozygotes show greater midbrain TH mRNA expression, 
probably reflecting greater dopamine biosynthesis as a consequence of faster dopamine 
turnover due to a more active COMT variant, than Val/Met heterozygotes49. Moreover, 
in the in vivo neuroimaging study by Meyer-Lindenberg et al172 significant correlations 
between PFC activity and midbrain F-DOPA uptake were shown during a working 
memory task: higher F-DOPA uptake in the brainstem was associated with lower regional 
blood flow in Met homozygotes, but with higher blood flow in Val carriers. These data 
are consistent with and add to the numerous studies reporting a predominant role of the 
PFC in dopaminergic regulation172, 173 but also point to a role for COMT in modulating 
dopaminergic influence of the PFC.
Further evidence for a role of COMT Val158Met genotype in cognition, in particular 
attentional control, comes from a study by Blasi et al174, who found that individuals 
homozygous for the Met allele perform better on a “variable attentional control” task than 
individuals with one or two Val alleles. Moreover, although increasing task difficulty was 
associated with increasing activity in a network of brain structures, the effect of COMT 
Val158Met genotype on brain activity was especially robust in the dorsal cingulate. Val 
homozygotes showed much more activity in the dorsal cingulate than individuals with 
one or two Met alleles, suggesting that low COMT activity improves efficiency in the 
physiological response in the dorsal cingulate during a task with conflicting demands. 
Bruder et al175 investigated association between COMT genotype and several different 
working memory tasks in a large sample of healthy adults (N=402) and found that COMT 
genotype only affected letter-number sequencing, a task requiring various aspects of 
working memory including storage and manipulation of information; subjects with the 
Val/Val genotype performed worse, people with Met/Met genotype performed best. No 
relation was found between COMT Val158Met genotype and tasks measuring simple 
storage, information maintenance, or updating of information. The authors suggest 
that COMT Val158Met genotype is more closely related to more complex information 
processing than to ‘simple’ cognitive tasks. 
Recently, a large cohort study investigating effects of COMT genotype on cognition in 
children found evidence for effects of COMT on executive function and verbal IQ in 
boys176. The effect was stronger pubertal than in prepubertal boys; in girls no effects of 
COMT genotype on cognition were found. The gender-dependent effect in combination 
with a possible interaction with development, may suggest a role for COMT in 
neurodevelopmental disorders, in particular schizophrenia.
There is growing evidence that COMT Val158Met genotype modulates functional 
coupling between the PFC and hippocampus during memory formation in healthy 
people. Schott et al177 reported that COMT activity affected prefrontal brain processes 
in episodic memory formation: although there was no effect of COMT genotype on 
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memory performance, Met/Met homozygotes showed increased functional coupling 
of hippocampus and left and right PFC. Further evidence for a role of COMT in the 
modulation of memory performance, came from Bertolino et al178, who reported similar 
findings in a sample of healthy subjects. Here, COMT genotype modulated performance 
accuracy on a recognition memory task, and activation of connections in a network of 
anatomic regions involved in memory formation. Subjects with Val/Val genotype showed 
reduced performance accuracy, reduced activation of the hippocampal formation (HF), 
and increased activation of the ventrolateral PFC (VLPFC). Reduced activation of the HF 
correlated with worse performance, and decreased activation of the VLPFC correlated 
with better performance. Also, the Val allele was associated with relatively poor 
functional coupling between the HF and VLPFC during memory retrieval. These data 
suggest that genetic modulation of dopamine may predispose for inefficient processing 
of recognition memory. 
Also, there is increasing evidence that other dopaminergic genes, besides COMT, may 
impact on cognition and memory formation. Schott et al177 reported that the DAT 3’ 
variable number of tandem repeat (VNTR) polymorphism was associated with memory-
related activation of the midbrain. Furthermore, COMT and the DAT 3’ VNTR may have 
additive effects on working memory, since Bertolino et al179 reported evidence for COMT 
x DAT interaction in a sample of healthy adults. In their study population, the COMT 
Met allele and the DAT 3’ VNTR 10-repeat allele were independently associated with 
more focused neuronal activity, as measured by BOLD response in an fMRI paradigm. 
Moreover, subjects with both a COMT Met allele and a DAT 3’ VNTR 10-repeat allele 
showed the most efficient response (less activation for similar performance), whereas 
subjects with a COMT Val allele and the DAT 3’ VNTR 9-repeat allele had the least 
focused response. The authors hypothesize that their data may result from a genetic 
interaction across the cortico-striatal circuitry, with effects of COMT being predominant 
in the PFC, and effects of DAT either in the cortex or striatum, or both. 
Yet another approach to investigate the potential impact of multiple functional genetic 
variants has been reported by Meyer-Lindenberg et al30. In a sample of 126 healthy 
control subjects they examined association between the COMT Val158Met polymorphism 
and prefrontal activation during a working memory task, and found a positive linear 
relationship between the number of Val alleles and prefrontal inefficiency. So far, these 
data are entirely consistent with previous data127. However, when SNPs combinations 
were analyzed  (haplotypes), a significantly stronger effect was found. In particular a 
2-SNP haplotype including the P2 promotor SNP (rs209603) and the COMT Val158Met 
polymorphism (rs4680) showed pronounced association with activation in the right 
ventrolateral PFC during a working memory task. When a 3-SNP haplotype was 
analyzed, including rs209603, rs4680, and rs165599, the effect on prefrontal function was 
even stronger. For all marker combinations studied, the allele or haplotype that showed 
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the strongest association with risk of schizophrenia in previous studies78, consistently 
showed the least efficient prefrontal response to working memory demands. These data 
provide a genetic validation of prefrontal dysfunction as a neural mechanism underlying 
schizophrenia susceptibility. 

COMT and regulation of emotional stimuli  
Recently, the relationship between the COMT Val158Met polymorphism and emotional 
function has been investigated by Smolka and coworkers180. Using an fMRI paradigm, 
they showed that COMT genotype had no impact on blood oxygen level-dependent 
(BOLD) response related to pleasant stimuli, but was related to brain activation by 
unpleasant stimuli. The number of Met alleles (0, 1, or 2), was positively correlated to 
BOLD levels in the limbic system (left hippocampus, right amygdala, right thalamus), 
connected prefrontal areas including right DLPFC, and the visuospatial attention 
system. Moreover, COMT genotype explained 38% of the variance in neural response 
to unpleasant stimuli. The authors conclude that the COMT Val158Met polymorphism is 
relevant for the processing and regulation of negative affective states, and hypothesize 
that a higher loading of Met alleles may reduce resilience against negative mood states 
possibly by altering dopaminergic and noradrenergic levels in the brain180. In contrast, a 
recent study reported an opposite effect of COMT genotype: during a task in which paired 
pictures had to be matched in the presence of negative versus neutral distracters, higher 
loading of Val alleles was associated with increased recruitment of left ventrolateral 
PFC, left orbitofrontal cortex and bilateral parahippocampal areas181. However, this 
last study examined only 13 subjects and was therefore much smaller than the study of 
Smolka et al180 who included 35 subjects. Furthermore, additional work done by Drabant 
and coworkers182 in a large sample of healthy subjects (N=101) showed that the COMT 
Met allele was associated with a dose-dependent increase in activation of hippocampal 
formation and ventrolateral PFC during viewing of faces displaying negative emotions. 
Subjects with Met/Met genotype had greater functional connectivity between the PFC 
and structures involved in the processing of emotional cues including amygdala and 
parahippocampal regions. Furthermore, in Met/Met individuals the degree of functional 
coupling between orbitofrontal cortex and amygdala was negatively correlated with 
novelty seeking, a heritable personality trait related to temperamental inflexibility. The 
authors conclude that people with Met/Met genotype show aberrant recruitment of PFC 
areas during cognitive processing of emotional stimuli, and hypothesize that this may 
result in increased reactivity and connectivity in corticolimbic circuits and inflexible 
processing of affective stimuli, which may increase susceptibility for negative mood 
states and affective disorders. Additional evidence for a genetic basis of interindividual 
variation in processing of emotional stimuli was reported by Smolka et al183. In a sample 
of 48 healthy subjects they showed that processing of aversive emotional stimuli in 
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amygdala, hippocampus, and limbic cortex is affected by COMT Val158Met genotype 
and by two polymorphisms in the regulatory region of the serotonin transporter gene 
(5-HTTLPR). Moreover, the combined effect of these 3 polymorphisms was greater 
than effects of the individual genotypes. An increased BOLD response in limbic regions 
(including amygdala, hippocampus, parahippocampal gyrus and cingulate gyrus) in 
response to unpleasant stimuli was seen in individuals with a specific combination of 
alleles at the COMT and 5-HTT loci. In particular the combination of alleles associated 
with low COMT activity and reduced 5-HTT expression was associated with increased 
activation of limbic structures by unpleasant stimuli. These data suggest that limbic 
processing of emotional stimuli is modulated by genetic variation in COMT and 5-HTT. 
Excessive reactions to affective cues may lead to decreased resilience against anxiety 
and depression. This study provides yet another example of how functional brain 
imaging may be used to examine the effect of multiple genes and their interaction on the 
function of neuronal networks. 

Interaction of COMT with environmental and genetic factors  
Both gene-gene and gene-environmental interactions have achieved increasing interest. 
A recent example of a gene-gene or epistatic effect is the association between the 
COMT Val158 allele with decreased expression of RGS4 (regulator of G-protein signaling 
4; a candidate gene for schizophrenia located on chromosome 1q23.3) in the human 
cortex184. Furthermore, gene-environmental interactions have been reported: e.g. COMT 
is probably subject to regulation by hypoxia185, and the combination of low birth weight 
with COMT Val158Val genotype predicted increased antisocial behavior in children 
with attention-deficit/hyperactivity disorder186. Also, COMT Val158Met genotype has 
been reported to moderate the influence of adolescent cannabis use on developing 
adult psychosis187. Large-scale population studies are needed to replicate and extend 
these findings. Recently, Henquet et al188 investigated moderation of COMT Val158Met 
genotype of psychotic and cognitive symptoms after cannabis use using a double-blind 
placebo-controlled cross-over design, comparing patients with schizophrenia or related 
disorders with their healthy relatives and with unrelated, healthy (non-psychotic) 
cannabis users. In all groups (patients, relatives, and controls) Val carriers were most 
sensitive to psychotic experiences after cannabis exposure, however the effect of 
cannabis on psychotic symptoms was particularly strong when there was pre-existing 
psychosis liability. Also, cannabis had a negative effect on cognitive measures with Val 
carriers being more sensitive for cannabis-induced memory and attention impairments. 
These results suggest that cannabis and genetic liability may have synergistic effects 
on psychosis risk and cognitive symptoms, and further support a gene x environment 
interaction between COMT and cannabis use.
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COMT and the VCFS phenotype 
An increasing number of studies have investigated effects of the COMT Val158Met 
polymorphism on cognitive function in people with VCFS. Some have reported that 
in VCFS children the low-activity Met allele is associated with better performance 
on prefrontal dependent cognitive tasks189, 190. However Glaser et al191 reported no 
difference on tasks of executive function between Met hemizygous and Val hemizygous 
groups in a combined children/adult VCFS population. In addition, the COMT Val158Met 
polymorphism may affect overall cognitive ability. For example some studies have 
reported that the Met allele is associated with a decline in verbal IQ192, and poorer 
performance on a task of language expression and spatial working memory193; whereas 
others found the Met allele to be associated with higher verbal IQ190.  Thus the effect 
of the COMT Val158Met polymorphism and cognitive function in people with VCFS is 
not easily understood, and the discrepancy in results of the reported studies may have 
arisen because of differences in dopaminergic neurotransmission due to developmental 
changes during adolescence since both children, adolescents, and young adults were 
included in the study populations160. 
The effects of the COMT Val158Met polymorphism on brain anatomy in people with 
VCFS have been less frequently reported, but Gothelf et al192 found the Met allele was 
associated with a smaller frontal lobe volume. Others however194 did not find an effect 
of the COMT Val158Met polymorphism alone, but did observe a gender-moderated effect 
of COMT genotype on both frontal lobe anatomy but not on frontal lobe dependent 
cognitive tasks. It has been suggested that PFC dopamine levels peak during adolescence 
and decline thereafter195, and that COMT activity reaches its optimal levels in early 
adulthood in the PFC, which might explain the discrepancies in studies on COMT 
Val158Met polymorphism in children, adolescents and young adults with VCFS196. A 
recent study provides further evidence for a role of COMT in modulation of the VCFS 
phenotype: in 22q11DS patients hyperprolinemia was associated with lower IQ values 
and increased risk of psychosis when present jointly with a COMT low-activity Met 
allele197. Thus COMT may exert its effect on the VCFS phenotype via interaction with 
other genes on 22q11, e.g. the proline dehydrogenase gene (PRODH). 
In the largest sample of adults with VCFS investigated to date, COMT Val158Met genotype 
was not associated with risk or age of onset of schizophrenia198. However, PANSS scores 
were significantly higher in the Met allele group; also, the Met allele group showed poorer 
performance on cognitive tasks measuring frontal function. These data are consistent 
with several previous studies on COMT and cognition in people with VCFS192, 193 but not 
with all189, 199. Therefore, although many studies implicated COMT as a modifier gene 
for the neuropsychiatric phenotype in 22q11DS, the precise effect of COMT Val158Met 
remains inconclusive.  
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Therapeutical relevance of COMT  
PFC performance is impaired by either blockade or overstimulation of dopaminergic 
neurotransmission, described by an U-shaped relationship between cortical dopamine 
and PFC function196. Convergent evidence that the COMT Val158Met polymorphism 
influences prefrontal cognition raises the possibility of a novel pharmacological 
approach for the treatment of prefrontal lobe executive dysfunction. Beneficial effects 
on cognitive functioning of tolcapone, a pharmacological COMT inhibitor, have been 
demonstrated in patients with Parkinson’s disease13. In rats, inhibition of COMT by 
tolcapone significantly improved set shifting (an animal paradigm similar to the WCST) 
without changes in baseline dopamine levels200. Furthermore, reduced COMT activity 
induced by tolcapone was associated with increased clozapine-induced dopamine 
release in the PFC. This may be a possible pharmacological mechanism by which typical 
antipsychotics interact with COMT genotype: recent pharmacogenetic studies reported 
that patients with schizophrenia and Met/Met genotype showed better performance 
on working memory performance after several weeks of antipsychotic treatment when 
compared to COMT Val158 carriers201, 202. In addition, Apud et al203 recently demonstrated 
significant effects of tolcapone on measures of executive function in healthy subjects. 
Furthermore a drug by genotype interaction was observed, with improved verbal 
episodic memory performance in individuals with COMT Val/Val genotype improved 
but worsened performance in individuals with Met/Met genotype. In the future, COMT 
may be an important pharmacological target in schizophrenia: either to predict response 
to antipsychotic medication or to improve cognitive dysfunction.

Current hypotheses on the mechanism of COMT action  
To date, accumulating evidence supports a role of COMT in regulation of dopaminergic 
systems in the brain. Here, we summarize the key hypotheses on how variation in COMT 
activity may affect dopaminergic systems and cognitive function and how this relates 
to schizophrenia.

Tonic-phasic model  Bilder et al165 proposed a model to consider effects of the COMT 
Val158Met polymorphism, taking into account the role of tonic and phasic dopamine 
in the regulation of cortical and subcortical systems involved in neuropsychiatric 
phenotypes. The tonic-phasic dopamine theory states that dopamine regulation occurs 
via two processes: (1) constant, low-level, background, ‘tonic’ dopamine neuron firing, 
mainly depending on PFC D1 receptor stimulation; and (2) high-amplitude, transient, 
phasic dopamine release mediated mainly by subcortical D2 receptors. In this theory, 
phasic dopamine enhances plasticity and cognitive flexibility, whereas tonic dopamine 
augments cognitive stability. Bilder et al165 propose that the low-activity Met allele is 
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associated with an increase of tonic dopamine and cortical dopamine D1 transmission, 
and reciprocal reductions in phasic dopamine in subcortical regions. Functionally, 
this variation in dopaminergic tone would result in increased stability and better PFC 
signal-to-noise ratio, but decreased flexibility of neural networks underlying cognitive 
functions. Therefore the Met allele is hypothesized to improve maintenance of working 
memory and executive functions but to worsen the capacity to switch or update working 
memory or behaviour. Effects of COMT Val158Met may be beneficial or detrimental 
depending on the nature of the cognitive task, genetic background (e.g. presence of 
schizophrenia or ADHD), and environmental factors (e.g. amphetamine use). Several 
studies have reported evidence supporting this model with respect to cognitive150, 164 
and emotional182 processing.  

COMT and dopamine regulation  COMT influences the activity of dopaminergic 
neurons in the midbrain, probably via prefrontal feedback systems. Activity of the PFC 
tonically inhibits striatal dopamine projections via inhibitory GABA neurons in the 
midbrain or striatum204. Thus, there is probably an inverse relation between dopamine 
activity in the PFC and striatum. Support for this hypothesis came from Akil49 who 
reported that COMT Val158Met genotype was associated with expression of tyrosine 
hydroxylase (TH, the rate-limiting enzyme in dopamine biosynthesis) in post-mortem 
brain tissue. Val homozygotes showed greater midbrain TH mRNA expression reflecting 
greater dopamine biosynthesis, consistent with the assumption that they have relatively 
high COMT activity and therefore low PFC dopamine levels. It is likely that altered 
midbrain TH expression is a downstream effect of variation in PFC COMT activity. In 
vivo support for a role of COMT in dopamine regulation came from a neuroimaging 
study by Meyer-Lindenberg et al172 reporting increased uptake of radiolabeled F-DOPA 
in the midbrain in Val carriers in comparison to Met homozygotes. This finding probably 
reflects increased dopamine synthesis and elevated midbrain dopamine turnover 
in the midbrain in Val carriers, due to higher COMT activity. Together, these results 
suggest that the COMT Val158Met polymorphism may indirectly affect dopaminergic 
function in other brain regions than the PFC. The studies described are performed in 
healthy humans; to what extent the COMT Val158Met polymorphism also modulates 
dopaminergic activity in patients with schizophrenia remains to be studied. Also, recent 
research pointed to a role of COMT in function of the hippocampus and the cingulate 
and in modulation of functional coupling between PFC and hippocampal formation177, 

178. The exact role of COMT in these and other brain regions, and possible interactions 
between brain regions and between other genes involved in modulation of dopaminergic 
systems, warrant further research.
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The inverted U-shape curve of dopamine action in the PFC  Dopamine levels in 
the PFC are critical for cognitive function. A large body of evidence suggests that the 
relationship between dopamine and performance in the PFC is represented by an inverted 
U-shaped curve161, 196, with detrimental effects on PFC performance by either too high or 
too low levels of dopaminergic signaling. In normal individuals, the COMT Val allele is 
associated with both poorer performance on tasks depending on the PFC and inefficient 
cortical processing during working memory, most likely due to diminished cortical 
dopamine flux127. A similar pattern has been reported in patients with Parkinson’s 
disease205; COMT inhibition may even improve the physiological efficiency of the PFC 
in these patients13. To date, a number of studies in humans140-143 and animals200 have 
replicated and extended the finding that both hypo- and hyperdopaminergic states are 
associated with decreased efficiency of prefrontal cortical information processing. In 
patients with schizophrenia the curve seems to be shifted to the left due to a state of 
prefrontal dopaminergic hypofunction2. The inverted U-shaped relationship between 
dopamine in the PFC and cognitive performance, and modulation of this relationship 
by COMT genotype, is further supported by studies in populations with presumably 
differential PFC dopamine ‘states’. E.g. amphetamine shifts the curve to the right in 
healthy adults, with a relatively beneficial effect of amphetamines in subjects with Val/
Val genotype, but with unfavorable effects on cognition in subjects carrying one or two 
Met alleles119. Also, in patients with ADHD the Met allele is associated with impaired 
PFC performance206, whereas in healthy subjects and in patients with schizophrenia the 
Met allele is associated with better PFC performance196. In children and adolescents with 
VCFS differential effects of COMT Val158Met genotype are seen in different age groups. 
In children with VCFS the Met allele was associated with better performance on testes 
of cognition and IQ, whereas 5 years later the Val group outperformed the Met group192. 
The contrast between beneficial effects of Met genotype in childhood but unfavorable 
effects in adolescence is likely to result from endured postnatal development of the PFC 
dopamine system. Dopaminergic neurons in the PFC do not receive their full innervation 
before adolescence; also, COMT activity increases in the PFC during development, with a 
peak in adulthood159, 196. Thus, effects of COMT Val158Met genotype on PFC performance 
are probably dependent on the genetic background on which COMT is expressed; on 
developmental stage of the individual; and on environmental factors interacting with 
the dopaminergic system. 

In conclusion, the evidence for a role of COMT in regulation of dopaminergic systems 
in the brain and in modulation of cognitive function is accumulating. The hypotheses 
described here are not mutually exclusive but probably complementary. Also, in the light 
of recent evidence, it is likely that the Val158Met polymorphism is not the only functional 
variant in the COMT gene. Future studies will have to investigate whether the above 
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described hypotheses hold true. Also, the role of other (functional) variants within the 
COMT gene and possible interaction with different dopamine genes warrants further 
research.  
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Abstract
Velocardiofacial syndrome (VCFS) is associated with deletions at chromosome 22q11, 
abnormalities in brain anatomy and function, and schizophrenia-like psychosis. Thus 
it is assumed that one or more genes within the deleted region are crucial to brain 
development. However, relatively little is known about how genetic variation at 22q11 
affects brain structure and function. One gene on 22q11 is catechol-O-methyltransferase 
(COMT): an enzyme that degrades dopamine and contains a functional polymorphism 
(Val158Met) affecting enzyme activity. Here, we investigated the effect of COMT 
Val158Met polymorphism on brain anatomy and cognition in adults with VCFS. The 
COMT Val158Met polymorphism was genotyped for 26 adults with VCFS on whom DNA 
was available. We explored its effects on regional brain volumes using hand tracing 
approaches, on regional gray and white matter density using computerised voxel-
based analyses, and measures of attention, IQ, memory, executive and visuospatial 
function using a comprehensive neuropsychological test battery. After corrections for 
multiple comparisons Val-hemizygous subjects, compared to Met-hemizygotes, had 
a significantly larger volume of frontal lobes. Also, Val-hemizygotes had significantly 
increased gray matter density in cerebellum, brain stem, and parahippocampal gyrus 
and decreased white matter density in cerebellum. No significant effects of COMT 
genotype on neurocognitive performance were found. In conclusion, COMT genotype 
effects on brain anatomy in VCFS are not limited to frontal regions but also involve other 
structures previously implicated in VCFS. This suggests variation in COMT activity is 
implicated in brain development in VCFS.
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Introduction
Velocardiofacial syndrome (VCFS) is a genetic disorder associated with microdeletions 
at chromosome 22q111, typical facial morphology, cardiovascular anomalies, 
velopharyngeal insufficiencies, mild to borderline learning disabilities, cognitive deficits 
and a high prevalence of psychiatric disorders including ADHD2 and schizophrenia-
like psychosis3. This high prevalence of psychiatric disorders is likely to be caused by 
haploinsufficiency of one or more genes on 22q11. 
One of the candidate genes located at 22q11 is the gene for catechol-O-methyltransferase 
(COMT), an enzyme that degrades dopamine. Particularly in the prefrontal cortex (PFC) 
degradation of dopamine is largely dependent on activity of COMT, whereas in other 
brain regions degradation of dopamine is mainly by monoamino-oxidase (MAO) and 
the dopamine transporter (DAT)4. A common mutation in the COMT gene, leading 
to an amino acid substitution (Valine [Val] to Methionine [Met]) results in decreased 
enzymatic activity with the Met/Met variant of COMT showing 40% less enzymatic 
activity than the Val/Val variant4, 5. 
The COMT Val158Met polymorphism has been reported to: (1) affect midbrain tyrosine 
hydroxylase levels and dopamine synthesis6; (2) modulate dopaminergic interactions 
between the PFC and the midbrain7, 8, and (3) affect cognitive functions dependent 
on PFC including working memory and attention7, 9, 10. People with VCFS carry only 
one copy of the COMT allele on their intact chromosome. It has been suggested 
that dopaminergic neurotransmission in VCFS is compromised thereby increasing 
susceptibility for psychosis11. Therefore studying the COMT Val158Met polymorphism 
in VCFS may increase our understanding of brain development and predisposition for 
psychosis in this population.
An increasing number of studies have investigated the effects of the COMT Val158Met 
polymorphism on cognitive function in people with VCFS. Some have reported that 
in VCFS children the low-activity Met allele is associated with better performance on 
prefrontal dependent cognitive tasks12, 13. However Glaser et al14 reported no difference 
on tasks of executive function between Met hemizygous and Val hemizygous groups 
in a combined children/adult VCFS population. In addition the COMT Val158Met 
polymorphism may affect overall cognitive ability. For example some studies have 
reported that the Met allele is associated with a decline in verbal IQ15, and poorer 
performance on a task of language expression and spatial working memory16; whereas 
others  found the Met allele to be associated with higher verbal IQ13.  Thus the effect 
of COMT Val158Met polymorphism and cognitive function in people with VCFS is not 
easily understood, and the discrepancy in results of the reported studies may have 
arisen because of differences in dopaminergic neurotransmission due to developmental 
changes during adolescence since both children, adolescents, and young adults 
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were included in the study populations17. The only study to date on COMT Val158Met 
polymorphism in adults with VCFS showed that those with the Met allele displayed 
more severe excitement symptoms, and worse performance on theory of mind, Trails 
B, olfactory identification, communication and social functioning compared to those 
with the Val allele18. However, thus far there is no evidence that the COMT Val158Met 
polymorphism affects the prevalence of schizophrenia in adults with VCFS3, 18.
The effects of the COMT Val158Met polymorphism on brain anatomy in people with 
VCFS have been less frequently reported, but Gothelf et al15 found the Met allele was 
associated with a smaller frontal lobe volume. Others however19 did not find an effect of 
the COMT Val158Met polymorphism alone, but did observe a gender-moderated effect 
of COMT genotype on both frontal lobe anatomy but not on frontal lobe dependent 
cognitive tasks.
Thus to date there have been relatively few studies on the effect of COMT Val158Met 
polymorphism in people with VCFS, and those which are available focused on children 
and adolescents. Hence, it is unclear how the COMT Val158Met polymorphism affects 
brain anatomy and cognitive function in adults with VCFS – and especially in adults. 
It has been suggested that PFC dopamine levels peak during adolescence and decline 
thereafter20, and that COMT activity reaches its optimal levels in early adulthood 
in the PFC, which might explain the discrepancies in studies on COMT Val158Met 
polymorphism in children, adolescents and young adults with VCFS 21. We previously 
reported on brain anatomy and cognitive function in an adult VCFS population22. We 
have retrospectively obtained COMT genotype data from this sample. Here, we explore 
the relationship between COMT Val158Met polymorphism and (1) brain morphometry, 
and (2) measures of intelligence, attention, working memory, visuospatial function, 
and memory in adults with VCFS.  Because COMT is also expressed in abundance in 
non-frontal brain regions23, we tested the hypothesis that in adults with VCFS, genetic 
variation in COMT activity is associated with anatomical differences in frontal brain 
regions but also in other regions including cerebellum, regions which have been 
implicated in VCFS in previous studies. We further hypothesized that in agreement 
with Bassett et al18 in adults with VCFS those who were Val hemizygous would perform 
better on frontal cognitive tests.

Methods
Subjects  The study was approved by the local Ethics Committee and after complete 
description of the study to the subjects, written informed consent was obtained from 
themselves and/or their carers. All subjects were screened for medical conditions affecting 
brain functioning using a semi-structured clinical interview and routine clinical blood tests. 
To establish a DSM-IV24 diagnosis a semi-structured psychiatric interview was performed 
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(Schedule for Clinical Assessment in Neuropsychiatry, SCAN)25 as described elsewhere3. 
We included twenty-six subjects with clinical features of VCFS and an established 22q11 
deletion who have participated in a previously reported study on brain anatomy and/or 
cognitive function in VCFS26, 27. Twelve subjects had psychosis, five Val-hemizygotes and 
seven Met-hemizygotes, were clinically stable and taking antipsychotic medication. No 
other psychiatric disorders were present in the twenty-six subjects with VCFS. 

Genetics  Blood samples were collected from 26 participants, and DNA was extracted. 
Fluorescence in situ hybridisation (FISH) was used to detect a 22q11 deletion (Oncor 
Inc., Gaithersburg, Maryland, USA). The COMT Val158Met polymorphism was genotyped 
using the SNaPshot technique of single base extension (Applied Biosystems, Foster 
City, USA) according to manufacturer’s instructions. The initial PCR reaction was 
performed using a Touchdown-PCR-protocol, with the following primers: forward: 5’-
ACTGTGGCTACTCAGCTGTG-3’ and reverse: 5’-CCTTTTTCCAGGTCTGACAA-3’. 
The allele at the SNP position was determined by use of a 30 bp extension primer (5’-
ATCACCCAGCGGATGGTGGATTTCGCTGGC-3’). All alleles were resolved on an ABI 
3100 sequencer. 

Magnetic resonance imaging acquisition and measurements  Magnetic resonance 
imaging of the brain was performed on a 1.5-T MRI system (Signa; General Electric Co, 
Milwaukee, Wis) at the Maudsley Hospital, London, UK. A coronal volumetric spoiled 
gradient acquisition in the steady state data set covering the whole head was acquired 

(repetition time, 13.8 milliseconds; echo time, 2.8 milliseconds; 124 sections; 1.5-mm 
section thickness). This data set was used to perform manual tracing of brain volumes, 
using Measure software28. Volumetric analysis by manual tracing was performed for 
total intracranial volume, caudate, putamen, hippocampus, amygdala, frontal, occipito-
parietal and temporal lobes, cerebellum and ventricular and peripheral cerebrospinal 
fluid (CSF) by means of region of interest boundaries as previously described26, 29-32. The 
volume of each region was calculated by multiplying the summed pixel cross-sectional 
areas by section thickness. Intrarater and interrater reliabilities (range, 0.90-0.99) were 
determined by intraclass correlation computation for all brain regions traced by two 
operators and were highly significant (F>4.0 and p<0.002).
In addition, for determination of gray and white matter densities we carried out voxel 
based morphometry on a second dataset that we acquired in the same individuals: 
a whole brain near axial dual – echo fast spin-echo (FSE) data set aligned with the 
anterior commissure (AC) – posterior commissure (PC) plane (TR = 4000 ms, effective 
TE = 20 and 85 ms, 3mm slice thickness). This dataset was used to examine between-
group differences in gray and white matter volume using a previously published 
methodology26, 33, 34. Voxels representing extracerebral tissue were automatically set to 
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zero35 and the probability of each intracerebral voxel belonging to gray matter, white 
matter, CSF, or dura/vasculature tissue classes was then estimated by a modified fuzzy 
clustering algorithm36. On the basis of prior results, we equated these probabilities to 
the proportional volumes of each tissue class in the often heterogeneous volume of tissue 
represented by each voxel37. Thus, for example, if the probability of gray matter class 
membership was 0.8 for a given voxel, it was assumed that 80% of the tissue represented 
by that voxel was gray matter. Because the voxel size was predetermined (2.2 mm3), we 
then estimated the volume in millilitres of gray matter, white matter and CSF in each 
voxel. Summing these voxel tissue class volumes over all intracerebral voxels yielded 
global tissue class volumes. To allow estimation of between-group differences at each 
intracerebral voxel (spatial extent statistics), the short echo (proton-density-weighted) 
FSE images were co-registered using an affine transformation38, 39 with a template image 
in the coordinate system of standard space as defined by Talairach & Tournoux40. This 
individually estimated transformation was then applied to each of that subject’s gray 
and white tissue probability maps.

Neuropsychological testing  Overall intellectual functioning, memory, visuo-spatial 
and perceptual ability, executive functioning, and attention were measured. Details 
of the tests employed have been described elsewhere27 but the battery was chosen 
on suitability for a learning disabled population and addressing measures of overall 
IQ, attention, memory, executive function and visuospatial function. The test battery 
included: a short version of the Weschler Adult Intelligence Scale - Revised (WAIS-R)41 
consisting of five subtests (Vocabulary, Comprehension, Similarities, Block Design 
and Object Assembly); the Doors and People Test of Visual and Verbal Recall and 
Recognition42; two subtests from the Wechsler Memory Scale - Revised (WMS-R)43: the 
Logical Memory (immediate and delayed recall of 2 short stories) and Paired Associates 
subtests (immediate and delayed recall of matched pairs); The Visual Space and Object 
Perception Battery (VOSP)44; Computerized Tower of London Task (3-D CTL-Test)45-47; 
Computerized Executive Golf Task46, 48; Controlled Oral Word Association Test49; Weigl 
test50; and the Continuous Performance Test51.

Statistics  The study population was divided in 2 groups according to COMT genotype: 
Val-hemizygous and Met-hemizygous VCFS subjects. Differences in age, and IQ between 
the 2 groups were compared using a t-test; differences in gender and psychiatric 
diagnosis using a χ2 –test.
Manually traced brain volumes, computerized tissue class volumes, and cognitive 
variables Data were analyzed with SPSS 12.0 for Windows (SPSS Inc, Chicago, III). COMT 
effects on total and regional brain volumes, total tissue class volumes and cognitive 
variables were examined using a univariate analysis of covariance (ANCOVA) using 
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COMT genotype, and gender as fixed factors and age and total intracranial volume (in 
case of MRI data) as covariates.  We subsequently employed Bonferroni corrections for 
multiple testing using p<0.0045 for the manually traced volumes, p<0.017 for the tissue 
class volumes, and p<0.0011 for the cognitive variables as levels of statistical significance 
(two tailed).
Analysis of MRI data using computerized voxel-wise analysis  Between-group differences 
in gray and white matter were localized by fitting an appropriate general linear model 
(GLM) at each intracerebral voxel. Inference was via a permutation distribution of 
spatial extent statistics with significance levels set to control for multiple comparisons 
by having less than one estimated false positive regions (clusters) across the image 
(p<0.001). In brief, the processing proceeded as follows. Maps of the standardized GLM 
model coefficient of interest (group) at each voxel were thresholded such that only voxels 
with probability <0.05 were retained. The sum of voxelwise statistics for each three-
dimensional suprathreshold cluster was the test statistic, the sign indicating a relative 
excess or deficit in local tissue density. Significance testing of the clusters was performed 
using a null distribution of this test statistic similarly obtained after repeatedly randomly 
permuting the relevant factor in the GLM and refitting of the model52.

Results
We studied 26 adults with VCFS. Data on age, gender, psychiatric diagnosis and 
intellectual function are presented in table 1. Age, psychiatric diagnosis, FSIQ and 
gender did not differ between Val- and Met-hemizygous groups. However the women 
in our sample were significantly older than the men therefore age was introduced as a 
covariate in our analyses. Psychiatric diagnosis and FSIQ did not vary as a function of 
gender. We were unable to acquire MRI scans on 7 subjects and neuropsychological data 
on 3 subjects. There were no differences in age, psychiatric diagnosis, FSIQ or gender 
between Val- and Met-hemizygous subgroups with the MRI or the cognitive data.

COMT effects on manually traced brain volumes  After accounting for total 
intracranial volume and age there was a significant COMT effect on volumes of frontal 
(F=30.09, p=0.000), and temporal lobes (F=10.17, p=0.007), cerebellum (F=8.30, p=0.013); 

Table 1 Characteristics of 26 adults with VCFS

Val (n=14) Met (n=12) p

Age (yrs ± SD) 30.3 (10.6) 37.33 (10.6) 0.10
Gender M/F 6/8 3/9 0.43
Psychosis 5 7 0.43
FSIQ (± SD) 71.7 (10.6) 72.32 (13.2) 0.90
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Figure 1 Mean volumes (ml) of frontal lobes in Met 
hemizygous and Val hemizygous VCFS people.

Table 2 Manually traced brain and computerized tissue class volumes in Val-hemizygous subjects and Met-
hemizygous subjects (corrected for intracranial volume).

Group Mean (SD), ml

Val (n=10) Met (n=9) P Value F df

Brain structure
Total Intracranial volume 1270.639 (50.074) 1314.991 (55,782) 0.571 0.337 1, 14
Frontal lobes 499.154 (5.479) 454.957 (6.216) 0.000** 30.09 1, 13
Occipitoparietal lobes 365.178 (11.253) 363.977 (12.766) 0.946   0.005 1, 13
Temporal lobes 136.855 (5.177) 111.586 (5.873) 0.007* 10.17 1, 13
Putamen 6.632 (0.468) 7.140 (0.497) 0.473 0.548 1, 12
Caudate 7.967 (0.422) 7.588 (0.449) 0.552 0.375 1, 12
Peripheral CSF 126.961 (11.793) 184.760 (13.377) 0.006* 10.84 1, 13
Hippocampus 5.339 (0.307) 4.693 (0.344) 0.197 1.888 1, 11
Amygdala 4.467 (0.329) 4.032 (0.368) 0.406 0.746 1, 11
Cerebellum 109.859 (3.621) 95.740 (4.108) 0.013* 8.30 1, 13
Ventricles 0.995 (0.543) 2.623 (0.616) 0.074 3.768 1, 13
Tissue class Volumes
Total gray matter 599.90 (81.90) 560 (101.49) 0.31 1.15 1, 11
Total white matter 577.12 (77.65) 576.26 (70.28) 0.38 0.82 1, 11
Total CSF 158.26 (42.42) 216.20 (105.37) 0.028* 6.38 1, 11

*   p < 0.05       **  p < 0.01

Table 3 Regional differences in gray and white matter volume. Location of each cluster’s centroid is given in 
Talaraich co-ordinates (x, y, and z mm), N= number of voxels in each cluster. The cluster-wise probability is 
p=0.001. 

Cerebral region N Tal (X) Tal (Y) Tal (Z) Side

Gray matter
Met < Val Deficit

Cerebellum 2948 9.3 -65.1 -19.4 R
Cerebellum 116 -34.3 59.3 -16.6 L
Brainstem 10 -11.0 -36.8 -26.0 L
Parahippocampal gyrus 208 -21.9 46.5 -4.8 L
White matter

Met > Val Excess
Cerebellum 4776 7.2 -57.8 21.4 R
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and peripheral CSF (CSF excluding ventricles) (F= 10.84, p=0.006) (Figure 1).  There were 
no gender effects or COMT x gender interactions. No significant COMT, gender or COMT 
x gender interactions were found in the volume of any other brain region or ventricles 
(Table 2). After correction for multiple comparisons (p<0.0045) only frontal lobe volumes 
remained significantly different with larger volumes in the Val- hemizygous group 
compared to the Met-hemizygous group. 

COMT effects on total tissue class volumes  Having accounted for total intracranial 
volume and age, there was no gender effect on total CSF, gray, and white matter volume. 
There was a significant COMT effect on total CSF volume (p=0.028, F=6.38). In addition 
there was a significant COMT x gender interaction on total white matter volume (p=0.015, 
F=8.31) and total CSF volume (p=0.003, F=14.86) (Table 2). After correction for multiple 
comparisons (p<0.017) only a COMT x gender interaction on CSF remained significant. 

Figure 2 Relative deficits (blue) and excesses (red) in gray matter volume in Met-hemizygous compared to 
Val-hemizygous VCFS people. The maps are oriented with the right side of the brain shown on the left side 
of each panel. The z-coordinate for each row of axial slices in the standard space of Talairach & Tournoux40 

is given in millimeters.
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COMT effects on regional gray matter distribution  There was a significant 
difference between the VCFS Val-hemizygous and Met-hemizygous group in gray matter 
volume at four spatially extensive 3D voxel clusters. The Met-hemizygous group had a 
significant reduced gray matter volume in left parahippocampal gyrus and brain stem, 
and bilaterally in cerebellum. There were no significant clusters of excess gray matter in 
the Met-hemizygous group (Table 3) (Figure 2).

COMT effects on regional white matter distribution  The Met-hemizygous group 
had a significantly increased white matter volume in cerebellum. There were no clusters 
of reduced white matter in the Met-hemizygous group (Table 3) (Figure 3).

COMT effects on cognitive variables  Accounting for age, there were significant 
COMT effects on two subtests of the Continuous Performance Test; Variability of 

Figure 3 Relative deficits (blue) and excesses (red) in white matter volume in Met-hemizygous compared to 
Val-hemizygous VCFS people.  The maps are oriented with the right side of the brain shown on the left side 
of each panel.  The z-coordinate for each row of axial slices in the standard space of Talairach & Tournoux40 

is given in millimeters.
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Standard Error (p=0.031, F=5.64), and Standard Error Block Change (p=0.023, F=6.42). 
Also there was a significant COMT effect on total CPT index score (p=0.019, F=6.85) and 
on the minimal amount of moves needed (MAM) in the Tower of London task (p=0.019, 
F=6.96) (Table 4). 
Significant COMT x gender interactions were found for Standard Error Block Change 
of the CPT (p=0.011, F=8.42), Strategy formation (p= 0.009, F=8.76) and Between Search 
Errors (p=0.017, F=6.95) on the Golf Spatial Working Memory task, MAM of the Tower 
of London task (p=0.006, F=10.16), Delayed Logical Memory of Wechsler memory Scale 
revised (p=0.021, F=6.78), Object Discrimination subtest of VOSP (p=0.018, F=6.79). 
After Bonferroni correction for multiple comparisons none of the findings remained 
significant.

Table 4 Neuropsychological test scores for VCFS Met and Val subgroups. Values are group means ± S.D. 
*p< 0.05.

Val Met P value F df

Intellectual Functioning
WAIS-R (n = 12) (n = 11) 1,18
Vocabulary 4.58 ± 2.19 4.18 ± 2.23 0.27 1.27

Comprehension 4.42 ± 1.44 4.45 ± 1.51 0.33 1.0
Similarities 5.58 ± 0.79 4.91 ± 1.97 0.14 2.36
Block Design 5.75 ± 3.38 6.00 ± 2.90 0.58 0.32
Object Assembly 4.83 ± 2.66 4.64 ± 3.04 0.41 0.71

VIQ 73.25 ± 7.59 71.36 ± 9.80 0.22 1.61
PIQ 73.58 ± 15.97 77.36 ± 18.42 0.24 0.63
FSIQ 71.67 ± 10.55 72.32 ± 13.21 0.38 0.82
V-P Discrepancy -0.33 ± 12.57 -6.0 ± 12.18 0.80 0.06

Memory
Doors and People (n = 12) (n = 9) 1,16
People 5.58 ± 3.32 5.22 ± 2.73 0.25 1.44
Doors 3.92 ± 2.02 5.78 ± 3.77 0.93 0.01
Shapes 5.08 ± 4.23 6.11 ± 3.92 0.68 0.18
Names 6.67 ± 5.23 6.44 ± 3.84 0.39 0.80
Overall 3.33 ± 3.55 4.88 ± 4.02 0.67 0.2
Visual 4.27 ± 2.49 6.38 ± 3.54 0.96 0.00
Verbal 5.67 ± 4.56 6.25 ± 3.01 0.50 0.47
Recall 4.67 ± 3.28 5.62 ± 2.77 0.37 0.86
Recognition 4.64 ± 3.38 6.13 ± 4.12 0.81 0.06
Overall Forgetting 10.50 ± 4.54 11.22 ± 2.82 0.78 0.08
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Val Met P value F df

WMS-R (n = 11) (n = 9) 1,15
Logical Memory Immediate 23.09 ± 11.26 20.89 ± 13.0 0.19 1.90
Logical Memory Delayed 6.18 ± 5.83 5.50 ± 4.84 0.14 2.49
Paired Associates Immediate 12.36 ± 5.45 13.89 ± 6.86 0.76 0.09
Paired Associates Delayed 10.0 ± 5.51 12.00 ± 5.45 0.97 0.00
Verbal Memory Index 67.82 ± 16.6 71.13 ± 12.92 0.48 0.08

Visuospatial/perceptual Functioning
VOSP (n = 12) (n = 11) 1,18
Incomplete Letters 19.33 ± 0.65 19.00 ± 2.10 0.26 1.33
Silhouettes 13.83 ± 2.79 17.09 ± 4.91 0.13 2.49
Object Decision 13.67 ± 3.17 14.82 ± 4.45 0.79 0.07
Progressive Silhouettes 12.75 ± 2.60 11.09 ± 2.59 0.59 0.30
Dot Counting 9.75 ± 0.45 9.82 ± 0.41 0.95 0.00
Position Discrimination 16.00 ± 3.79 17.55 ± 2.77 0.58 0.34
Number Location 6.58 ± 3.50 6.09 ± 3.18 0.53 0.40
Cube Analysis 6.83 ± 2.86 6.18 ± 2.52 0.45 0.59
Number of Passes 4.75 ± 1.29 5.55 ± 1.75 0.62 0.25

Spatial Working Memory
Executive Golf Task (n = 12) (n = 11) 1,18
Within Search Errors 0.60 ± 0.85 0.91 ± 0.91 0.38 0.82
Between Search Errors 4.63 ± 2.16 5.69 ± 2.64 0.10 3.07
Strategy Formation 12.35 ± 1.16 12.55 ± 1.12 0.32 1.06

Planning and Problem-Solving
Tower of London (n = 12) (n = 9) 1,16
Moves Above Minimum 2.74 ± 1.04 2.02 ± 1.35 0.03* 5.89
Planning (secs) 4.09 ± 1.94 4.56 ± 2.41 0.24 1.51

Verbal Fluency (n = 12) (n = 7) 1,14
Total 22.17 ± 9.52 23.43 ± 15.70 0.25 1.47

Weigl (n = 12) (n = 10) X2

Sorting 100% 90% 0.45 1.59
Shifting 33.3% 60% 0.53 1.28

Attention
CPT(T-Scores) (n = 12) (n = 9) 1,16
Ommission Errors (percentiles) 96.85 ± 4.44 95.74 ± 6.36 0.71 0.14
Hit Reaction Times (T-scores) 40.70 ± 7.32 43.97 ± 8.39 0.19 1.91
Variablility Of SE’s (T-scores) 69.11 ± 14.78 75.02 ± 11.99 0.02* 6.20
Hit SE Block Change (T-scores) 59.76 ± 14.66 45.41 ± 22.95 0.02* 7.11
Commission Errors (T-scores) 62.05 ± 13.21 61.23 ± 14.14 0.67 0.19
Perceptual Sensitivity (T-scores) 71.28 ± 11.32 69.58 ± 11.01 0.59 0.31
Risk Taking (T-scores) 83.28 ± 15.30 82.22 ± 18.41 0.46 0.58
CPT Index Score 10.50 ± 4.19 12.50 ± 3.99 0.04* 5.28

Table 4, continued
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Discussion
We found that in adults with VCFS the COMT Val158Met polymorphism is associated 
with significant differences in brain anatomy affecting frontal lobe volume and gray 
matter density in cerebellum, brain stem and parahippocampal gyrus, and white matter 
density in cerebellum. 

However our study has limitations. These include the relatively small sample size with 
insufficient power to look for interactions, and the multiple testing we carried out. 
Nevertheless, corrections for multiple comparisons were applied for all anatomical and 
cognitive variables. Also it is unlikely that differences in age, psychiatric comorbidity, 
and gender can fully account for our findings (as these factors did not differ between 
Val- and Met-hemizygous groups). In addition, we controlled for gender and age in 
the statistical analysis. Also, as noted by others53, the effect size for structural brain 
abnormalities in people with VCFS is relatively large. Nevertheless our findings should 
be interpreted with caution and further studies of a longitudinal nature using larger 
samples of people with and without VCFS are required. 

Our study is the first to demonstrate that the effect of the COMT Val158Met polymorphism 
is not limited to frontal brain regions in people with VCFS. Because of the paucity of 
dopamine transporters in the prefrontal cortex, COMT is responsible for dopamine 
degradation in this region4. Therefore, effects of the COMT Val158Met polymorphism on 
brain volume, have previously been hypothesized to be most pronounced in frontal cortex 
and this has been the focus of most studies on brain anatomy and COMT Val158Met 
polymorphism54. Our results, using a whole brain anatomy approach, suggest that COMT 
Val158Met polymorphism may affect other brain regions as well, including cerebellum, a 
region particularly compromised in VCFS26, 55, 56. COMT mRNA is expressed in several 
human brain regions including the frontal, temporal, and parietal lobes, and cerebellum, 
amygdala, putamen, thalamus and spinal cord57. Therefore it is not surprising that the 
Val158Met polymorphism affects other brain regions than the PFC which supports our 
findings. Also, COMT may be crucial for dopaminergic degradation in PFC, but more 
relevant for regulating norepinephrine (another substrate of COMT) in other brain 
regions. Both these neurochemical systems affect brain development and function. Thus 
COMT Val158Met effects on brain anatomy may not only reflect differences in dopamine 
degradation but also differences in (nor)epinephrine metabolism58.

The underlying biological mechanism for our finding of larger bulk frontal lobe volumes 
and increased gray matter densities in Val-hemizygotes is unclear. One possible 
explanation could be differences in brain maturation between  the two genotype groups. 
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Qualitative imaging studies have reported brain anomalies in children and adults with 
VCFS, for example agenesis of the corpus callosum, white matter hyperintensities and 
septum pellucidum abnormalities32, 53, 59. Quantitative imaging studies have also reported 
evidence for disturbed brain maturation in people with VCFS. For example, several 
studies of brain anatomy have reported that people with VCFS compared to controls 
often have abnormalities in either frontal lobe anatomy (with subtle differences in gray/
white matter composition) and/or posterior brain regions including cerebellum26, 55, 56. 
Normal brain maturation starts from posterior/inferior brain regions and takes place 
last in frontal  regions60 and is associated with an increase in frontal white matter and 
a decrease in gray matter during adolescence61.  Abnormalities in brain maturation (e.g. 
programmed cell death) could therefore lead to differences in the relative proportions of 
gray and white matter and hence frontal lobe volume. Since normal brain maturation is 
accompanied by increasingly efficient cognitive processing62, the finding of decreased 
efficiency of prefrontal cognitive processing in those possessing the Val allele9 perhaps 
suggests that possessing the Val allele may slow down the maturation process – and hence 
the relative proportion of gray and white matter and/or bulk volume of frontal regions. 
A so called anterior-posterior dichotomy in anatomical differences between people with 
VCFS and controls has been suggested26, 56, 63, and could also explain differences in brain 
anatomy within the VCFS population between those hemizygous for Val or Met. How 
COMT haploinsufficiency in VCFS affects the dopaminergic system is still unknown 
although a preliminary open study by Graf et al64 suggested increased baseline brain 
dopamine levels in 3 of 4 patients with VCFS and the Met allele, as measured by the level 
of a catecholamine metabolite, homovanillic acid, in cerebrospinal fluid compared to 
calibrated standards and laboratory controls. These preliminary findings suggest that 
haploinsufficiency in COMT is associated with dysregulation of dopaminergic systems. 
Results from animal and human studies suggest that dopamine has a trophic action 
during early brain maturation and later influences prefrontal cortical specification65. 
Therefore, differences in dopaminergic clearance as a result of Val- or Met-hemizygosity 
could result in differences in (frontal) brain maturation because of differences in 
dopamine signaling during early brain development. Our finding of relative cerebellar 
gray matter increase and white matter decrease in the Val hemizygotes suggests that 
dynamic interplay between gray and white matter tissue composition might take 
place during brain maturation with gray matter volume decrease due to pruning and 
white matter volume increase during myelination. These findings further support 
the hypothesis that brain maturation may be slower in Val-hemizygotes than in Met-
hemizygotes.

Our findings on cognitive performance did not survive Bonferroni corrections for 
multiple comparisons. This is probably partially due to our small sample size. The 
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current literature suggests that cognitive tasks classically thought to be measures 
of ‘frontal’ regions are modulated by the COMT polymorphism. As mentioned before 
the results on COMT polymorphism and cognitive function in VCFS are inconsistent 
also because various study groups have used different cognitive measures and study 
populations included people of different ages. Future studies with larger sample sizes 
and of a longitudinal nature should clarify the role of the COMT polymorphism on 
specific cognitive tasks during lifespan in VCFS. 

In conclusion, our results suggest that genetic variation in COMT activity affects brain 
anatomy in adults with VCFS, and this extends outside frontal brain regions. This 
suggests variation in COMT activity is implicated in brain development in VCFS. Future 
studies are required to investigate changes across the lifespan. 
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Abstract
The catechol-O-methyltransferase (COMT) gene is a candidate gene for schizophrenia 
because of its role in the breakdown of dopamine in the prefrontal cortex. The COMT 
gene contains a functional polymorphism changing enzyme activity which has been 
associated with some neuropsychiatric (endo)phenotypes, e.g. cognitive performance 
and anxiety. In this study we investigated association between the COMT Val158Met 
polymorphism and obsessive-compulsive symptoms in patients with schizophrenia. 
Severity of obsessive-compulsive symptoms in 77 male patients with recent-onset 
schizophrenia was assessed using the Y-BOCS and the COMT Val158Met polymorphism 
was genotyped for these patients. We found a significant effect of COMT genotype on Y-
BOCS  scores: the Val/Val genotype was associated with highest Y-BOCS scores, whereas 
patients with Met/Met genotype had lowest Y-BOCS scores. Our data suggest that the 
COMT high-activity Val allele is associated with more obsessive-compulsive symptoms 
in young patients with schizophrenia. These results support the hypothesis that the 
COMT Val158Met polymorphism may be a modifier gene for the symptomatology of 
schizophrenia. 
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Introduction
The enzyme catechol-O-methyltransferase (COMT) is involved in degradation 
of catecholamines, including dopamine. The COMT gene contains a functional 
polymorphism (Val158Met) changing enzyme activity: the relatively unstable Met/Met 
variant leads to a 40% decrease in enzyme activity in comparison to the Val/Val variant. 
The COMT gene is located on the chromosomal region at 22q11 which is deleted in people 
with velocardiofacial syndrome (VCFS), a syndrome associated with a high prevalence 
of neuropsychiatric disorders, including schizophrenia-like psychosis and obsessive-
compulsive disorder (OCD)1,2. For this reason, and because dopamine is hypothesized 
to be involved in the pathophysiology of schizophrenia, association between the COMT 
Val158Met polymorphism and the prevalence of schizophrenia has been investigated 
extensively. Although results from a recent meta-analysis show that the Val158Met 
polymorphism does not increase risk for schizophrenia3, there is evidence that the 
COMT Val158Met polymorphism modifies the schizophrenia phenotype by influencing 
performance of tasks relying on prefrontal cortex integrity4. Thus, COMT is probably not 
a susceptibility gene but merely a modifier gene for schizophrenia, meaning COMT may 
influence clinical features and symptom dimensions associated with schizophrenia 
without altering disease liability itself5, 6. A well-established, frequently occurring 
and disabling symptom complex in schizophrenia is the co-occurrence of obsessive-
compulsive symptoms (OCS)7-10. 
In this study we investigated the role of COMT as a modifier gene in schizophrenia: we 
explored whether there is a relation between COMT Val158Met genotype and OCS in a 
group of patients with recent-onset schizophrenia.

Methods 
Subjects  All patients were admitted to the Adolescent Clinic of the Academic Medical 
Center in Amsterdam. After complete description of the study to the subjects, written 
informed consent was obtained. The study was approved by the Medical Ethics 
Committee of the Academic Medical Center in Amsterdam. Patients who met DSM-IV11  
criteria for schizophrenia, schizoaffective disorder or schizophreniform disorder were 
included in the study. Exclusion criteria were organic brain syndrome, endocrine disorder, 
and substance-induced psychosis. Diagnosis at discharge was established according to 
DSM-IV criteria and was based on a semi-structured clinical interview by 2 independent 
psychiatrists as described previously12; diagnoses were based on all available clinical 
information including the semi-structured interview, examination of case-records and 
information from relatives and mental health professionals. On admission, symptoms 
were rated with the Positive and Negative Syndrome Scale (PANSS)13;  the extent of OCS 
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was assessed with the Yale-Brown Obsessive Compulsive Scale (Y-BOCS)14, 15. The Y-BOCS 
consists of 10 topics with scores ranging from 0 (no symptoms) to 4 (severe symptoms). 
Obsessions were defined as persistent, intrusive, unwanted, and repetitive thoughts not 
related to the patient’s delusions. Compulsions were defined as repetitive goal-directed 
rituals clinically distinguishable from schizophrenic mannerisms or posturing. 

DNA extraction and genetic analysis  Blood samples were collected from all subjects 
for DNA isolation. Genomic deoxyribonucleic acid (DNA) was extracted using a filter-
based method (QIAamp DNA Mini Kit, Qiagen Ltd, United Kingdom). Genotyping of 
the COMT Val158Met polymorphism (rs4680) was performed by primer extension 
and analyzed using matrix-assisted laser-desorption/ionization time-of-flight mass 
spectrometry (MALDI-TOF MS) as previously described16. All DNA samples were 
genotyped in duplicate to ensure reliability. In brief, a polymerase chain reaction (PCR) 
was performed to amplify the fragments of DNA containing the Val/Met polymorphism 
using the following primers: forward 5’-CAC CTG TGC TCA CCT CTC CT-3’ and reverse 
5’-GGG TTT TCA GTG AAC GTG GT-3’. For the PCR the following reagents were 
used: 1x PCR buffer, 2.5 mM MgCl2, 0.2 mM dNTPs, 5 ng forward primer, 5 ng reverse 
primer, 0.5 U HotFirePol DNA polymerase (Solis Biodyne, Estonia), 20 ng genomic DNA 
template, dH2O to a final reaction volume of 10 μL. PCR was carried out on a Biometra 
Thermocycler machine, using the following conditions: initial 15-minutes denaturing 
step at 95°, followed by 35 cycles of 95° for 1 min, 58° for 1 min, 72° for 1.5 min, and 
a final extension phase of 72° for 10 min. Five μl of PCR product was treated with 0.2 
U shrimp alkaline phosphatase (USB) on 37° for 45 min to dephosphorylate remaining 
dNTPs. Next, single base primer extension (PEX) using ddNPTs was performed to 
generate short, single stranded allele-specific products. We used a biotinylated UV-
cleavable PEX primer with the following sequence: 5’-GATGGTGGAT-L-TCGCTGGC-3’; 
the UV-cleavable site is indicated by L (BioTeZ, Berlin, Germany). For PEX the following 
reagents were used: 5mM MgCl2, 0.4 μM PEX primer, 0.2 mM ddATP, 0.2 mM ddGTP, 2.5 
U ThermiPol (Thermipol, Solis Biodyne, Estonia), dH2O to a final reaction volume of 10 
μL. Primer extension was carried out on a Biometra Thermocycler machine, using the 
following conditions: initial 5-minutes denaturing step at 95°, followed by 70 cycles of 
95° for 15 sec, 40° for 30 sec, 72° for 30 sec. Dependent on the genotype, the primer was 
elongated with either a ddATP or a ddGTP. The primer extension product was purified 
using a 384-well streptavidin coated plate (Bruker Daltonics, Germany) according to the 
manufacturer’s instructions. After exposure to UV light (366nm, 8 watt) for 10 minutes, 
the 3’ end was released and dissolved into 10 μL dH2O and subsequently spotted 
onto a MALDI plate (Bruker Daltonics, Germany). Time-of-flight MS was performed 
on a Bruker III Daltonics Mass Spectrometer using FlexControl v2.0 software. As the 
varying incorporated nucleotides differ in their mass, the allele-specific products can be 
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determined in the mass spectrum. Data were analyzed using Genotools v2.0 software 
(Bruker Daltonics, Germany). 

Statistics  Analysis was performed using the Statistical Package for the Social Sciences 
(SPSS), version 12.0. The population was divided in three groups according to COMT 
genotype. We tested for between-group differences in age, educational level and PANSS 
scores using analysis of variance (ANOVA). Correlations between Y-BOCS scores and 
PANSS scores were calculated using Pearson’s Rho. Between-group differences in 
the use of medication were assessed using Fisher’s exact test. Because data were not 
normally distributed, we used non-parametric testing (2-tailed) to determine between-
group differences in Y-BOCS scores (Kruskal-Wallis and Mann-Whitney U). Several 
reports have been published of induction of OCS in patients with schizophrenia by 
olanzapine and clozapine17-19. Therefore, we looked at the use of these antipsychotics 
in the 3 genotype groups using Fisher’s exact test to test whether medication use could 
be a confounding factor. In addition, we analyzed differences in mean Y-BOCS scores 
between COMT genotype groups controlling for the use of antipsychotic medication 
with analysis of covariance (ANCOVA), entering medication as fixed factor in the model. 
Level of statistical significance was defined as p<0.05.

Results
Our initial sample consisted of 86 patients with recent-onset schizophrenia. However, 
since gender-specific effects have been reported for COMT20-22, we decided to use 
only male patients in our final analyses. In total, 77 male patients with recent-onset 
schizophrenia were analyzed (paranoid, disorganized or undifferentiated type; N=69 
[89.5%]; schizo-affective disorder N=8 [10.5%]; mean age=22.17, SD=2.91, age range 18-
30). Mean total PANSS score was 71.3 (SD=21.4), the PANSS Positive subscale score 
was 17.5 (SD=7.4), the PANSS Negative subscale score was 19.0 (SD=7.1), and the PANSS 
general psychopathology subscale score was 34.7 (SD=10.5). Y-BOCS scores ranged from 
0-24 (mean=3.78, SD=6.42). In the patients with a Y-BOCS score > 0 (24/77, 31%), mean 
Y-BOCS score was 12.13 (SD=5.54) and the median was 12.0. No correlation between Y-
BOCS scores and PANSS Positive, Negative or General Psychopathology Subscale scores 
and total PANSS scores was observed (data not shown). At time of testing most patients 
were using antipsychotic medication (olanzapine, N=26; risperidone, N=22; quetiapine, 
N=2; clozapine, N=13; haloperidol, N=3; no medication, N=11). 

Genotype counts did not deviate from those expected according to the Hardy-Weinberg 
equilibrium (χ2=2.14, df=2, p=0.3). The population was divided in three groups according 
to COMT genotype. Neither age (F=0.61, df=2;74, p=0.5) nor educational level (F=0.87, 
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df=2;74, p=0.4) differed significantly between genotype groups (Table 1). No differences 
in total PANSS scores (F=0.93, df=2;53, p=0.4) or in PANSS subscale scores were found 
between genotype groups (PANSS Positive subscale score: F=0.33, df=2;73, p=0.7; PANSS 
Negative subscale score: F=0.89, df=2;73, p=0.4; PANSS general psychopathology subscale 
score: F=0.25, df=2;73, p=0.8). Patient characteristics in the 3 genotype groups are listed 
in Table 1.

Table 1 Patient characteristics by genotype. All subjects are male.

Val/Val
N=22

Val/Met
N=44

Met/Met
N=11 Test statistic p-value

Mean age 21.86 21.77 22.91 F=0.61 p=0.5 
(± SD) (± 2.95) (± 3.05) (±3.56)
Educational level
Mean 4.41 4.14 3.91 F=0.87 p=0.4
(SD; min-max) (1.05; 2-6) (1.13; 2-6) (0.94; 2-5)
Antipsychotics: 

- No medication 2 6 3
- Olanzapine 8 16 2
- Risperidone 7 12 3 Fisher’s Exact=8.97 p=0.5
- Clozapine 5 7 1
- Quetiapine 0 2 0
- Typical antipsychotics 0 1 2

SSRIs y/n 3/19 2/42 1/10 Fisher’s Exact=2.05 p=0.4
Mean Y-BOCS score 7.32 2.95 0.00 Kruskal-Wallis χ2=8.79 p=0.012
(SD; min-max) (8.80; 0-24) (4.93; 0-16) (0.00; 0-0)
Y-BOCS score ≥ 12 9 4 0 χ2=11.14 p=0.002
Y-BOCS score ≥ 16 4 1 0 Fisher’s Exact=5.23 p=0.045

There was a significant between-group difference in mean Y-BOCS scores (Kruskal-
Wallis: χ2=8.79, df=2, p=0.012). Further exploration with Mann-Whitney U testing 
revealed that mean Y-BOCS scores in the Val/Val group (N=22, mean Y-BOCS score=7.32, 
SD=8.80) were significantly higher than those in the Met/Met group (N=11, mean Y-BOCS 
score=0.00, SD=0.00) (Z=-2.58, p=0.010). Also, Y-BOCS scores in the Val/Met group (N=44, 
mean Y-BOCS score=2.95, SD=4.93) were significantly higher than those with Met/Met 
genotype (Z=-2.12, p=0.034). There was a trend for a difference in Y-BOCS scores between 
the Val/Val and the Val/Met group (Z=-1.85, p=0.065) (Figure 1). In addition, mean Y-
BOCS scores in Val carriers (Val/Val and Val/Met individuals, N=66) were significantly 
higher when compared to Met homozygotes (N=11) (Z=,-2.34, p=0.019). 

We did not observe differences in the use of clozapine and olanzapine between genotype 
groups (Fisher’s exact=2.99, p=0.2). Also, mean Y-BOCS scores in patients using 
olanzapine or clozapine (N=39, mean Y-BOCS score=3.74, SD=5.61) were not significantly 
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different than in those using other antipsychotic agents (N=27, mean Y-BOCS score=3.59, 
SD=6.99 (Mann-Whitney U test: Z=-0.58, p=0.6). The effect of COMT genotype on Y-BOCS 
scores remained significant when we analyzed our data correcting for medication as a 
possible confounding factor (F=9.15, df=2;62, p<0.001). We found no evidence for an effect 
of antipsychotic medication on Y-BOCS scores (F=0.80, df=5;62, p=0.6) or for COMT x 
medication interaction (F=1.37, df=7;62, p=0.2). Six of the 77 patients (8%) used selective 
serotonin re-uptake inhibitors (SSRIs) in addition to their antipsychotic medication: 3 
in the Val/Val group, 2 in the Val/Met group and 1 in the Met/Met group (table 1). Using 
Chi-square tests, no significant difference in the use of SSRIs between the 3 genotype 
groups was found (Fisher’s Exact=2.05, p=0.4). 

Discussion
In our sample of male patients with recent-onset schizophrenia we found the COMT 
high-activity Val allele to be associated with more severe OCS. To our best knowledge, 
this is the first report of association between COMT Val158Met genotype and OCS in a 
population of patients with schizophrenia. 

COMT and risk for OCD without schizophrenia  It is still unclear whether the 
Val158Met polymorphism increases risk of OCD: although 3 studies reported that the 
Met allele increased risk of OCD20-22, 5 studies either failed to replicate this23-25 or found 
association with either homozygosity26 or heterozygosity27 at this locus. Therefore, similar 
to results from studies investigating association between COMT and schizophrenia28, 
association between the COMT Val158Met polymorphism and OCD is still inconclusive. 

Figure 1 Y-BOCS scores in the 3 COMT genotype 
groups. Using Kruskal-Wallis testing, there was a 
significant between-group difference in mean Y-
BOCS scores (P=0.012). Y-BOCS scores in the Val/
Val group were significantly higher than those in 
the Met/Met group (P=0.01). Also, Y-BOCS scores 
in the Val/Met group were significantly higher than 
those with Met/Met genotype (P=0.034). There was 
a trend for a difference in Y-BOCS scores between 
the Val/Val and the Val/Met group (P=0.065).
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However, 3 out of 8 studies reported association between OCD and the low-activity 
Met allele, whereas we found association between the high-activity Val allele and more 
OCS in schizophrenia. It is important to emphasize that we have investigated effects of 
COMT genotype on OCS in patients with schizophrenia, therefore making it difficult to 
compare our results with those from studies investigating association between COMT 
genotype and OCD without schizophrenia. Also, most studies looking at COMT and 
OCD investigated the risk of OCD in the presence of a specific COMT genotype, whereas 
we took a dimensional approach using Y-BOCS scores as a quantitative phenotype. 
One study that used a similar approach reported association between the COMT high-
activity Val allele and phobic anxiety in a large sample of over 1200 subjects29. In this 
respect, the Val allele could be considered a risk allele for anxiety symptoms. 

Limitations and advances of the study  This study has several limitations. Sample 
size is relatively small; therefore results should be considered preliminary. However, 
two recent studies30, 31 reported on the effect of the COMT Val158Met polymorphism in 
samples of similar size (70 and 77 subjects respectively). Thus, our sample size is small 
but not uncommon. A second limitation of our study is genetic heterogeneity. Since 
the effect of COMT Val158Met genotype on the extent of OCS remained significant 
when we analyzed our data including male patients from Dutch ancestry only (N=54; 
Kruskal-Wallis: χ2=6.60, df=2, p=0.037), we think it is unlikely our results are false-
positive. Also, since the COMT Val158Met polymorphism is functional, i.e. leads to 
an amino acid substitution known to affect thermostability of the COMT protein32, 
it is likely that effects on enzymatic activity are similar across ethnic populations. 
Moreover, Chen et al32 established effects of the COMT Val158Met polymorphism on 
COMT protein stability using postmortem brain tissue from an ethnically mixed sample 
including white Caucasian and African American subjects: 66% of healthy controls and 
52% of schizophrenia patients were African Americans. To our best knowledge, there 
is no evidence that ethnicity modulates functional effects of the COMT Val158Met 
polymorphism on COMT activity. However, the precise relationship between ethnicity 
and these functional effects has not yet been investigated; future research is needed 
to examine this. Previous studies reported that the Val allele is more frequent in non-
Caucasian samples33. Thus, ethnicity could confound our data if non-Caucasian subjects 
(who are likely to carry more Val alleles) would have more OCS than Caucasian subjects. 
However, in our sample Y-BOCS scores did not differ between ethnic groups. Therefore, 
we consider ethnicity an unlikely confounder in our study. Nevertheless, since this is 
the first report of association between the COMT Val158Met polymorphism and OCS in 
patients with schizophrenia, our findings need to be replicated in a large and genetically 
homogeneous sample. 
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Several reports have described induction of OCS by clozapine and olanzapine10, 17, 19. 
However, since no randomized controlled trials examining this have been performed 
yet, it is controversial whether these agents really induce OCS. In our study no difference 
in the use of olanzapine and clozapine between genotype groups was observed, therefore 
we do not think this to be a confounding factor. Furthermore, when we analyzed our data 
correcting for antipsychotic medication as a possible confounding factor, the effect of 
COMT genotype on Y-BOCS scores seemed increased in comparison to the ‘uncorrected’ 
analysis (p<0.001 and p=0.012, respectively). In a recent report, clozapine was reported 
to induce OCS in some patients with schizophrenia, whereas it was associated with 
decrease in existing OCS in others34; it is possible that these differences can be explained 
by genetic variation.
Our analyses included only male patients with schizophrenia; future studies should 
investigate whether COMT genotype has similar effects on OCS in female patients with 
schizophrenia. Differentiating between males and females is important, since previous 
studies reported gender-specific effects of COMT genotype on the risk for OCD20-22. 
Furthermore, gender-specific effects of COMT have been reported in COMT-deficient 
mice35 and may result from down-regulation of COMT expression by estrogens36. 

Neurobiological mechanism  Prefrontal dysfunction and impaired dopaminergic 
neurotransmission resulting in abnormal prefrontal regulation of striatal activity are 
mechanisms hypothesized to play a role in the pathophysiology of schizophrenia37. 
Disturbances in dopaminergic systems in schizophrenia may not only lead to psychotic 
symptoms, but also to OCS since recently evidence for increased dopaminergic 
neurotransmission in the striatum in patients with OCD was found38,39. Disruption of 
frontostriatal circuits have been observed in both patients with schizophrenia and OCD. 
Structural MRI studies have identified specific parts of the frontostriatal system that 
are altered in OCD40. Furthermore, patients with OCD show decreased fronto-striatal 
responsiveness during planning and executive tasks41, which is a finding similar to 
those in patients with schizophrenia42. It is possible that by indirect downstream effects 
on dopamine regulation of striatum and basal ganglia, the COMT gene may modulate 
the risk for OCS and OCD in schizophrenia. 
Apart from dopamine, COMT is also important for degradation of noradrenalin: e.g. 
COMT-deficient mice show changes in the levels of dopamine and its metabolites, but 
also in noradrenalin levels35, 43. The noradrenergic system is involved in behavioral 
responses to stress, i.e. anxiety44, and a relative increase of noradrenalin levels by selective 
serotonin and norepinephrine reuptake inhibitors (SNRIs) reduces anxiety in depressed 
patients45. Similarly, people with the COMT Met/Met genotype (with relatively increased 
noradrenalin levels) may be less vulnerable for developing anxiety disorders46, 47. Thus, the 
mechanism by which COMT influences severity of OCS in patients with schizophrenia 
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may be via modulation of dopaminergic or noradrenergic systems; further research is 
needed to clarify which of these pathways is the most important one.

COMT: a possible pharmacogenetic target?  Recently, pharmacological inhibitors 
of COMT, e.g. entacapone and tolcapone, have received increased attention in the 
treatment of patients with Parkinson’s disease47, 48. COMT inhibitors stabilize dopamine 
levels by reducing the breakdown of dopamine49 and have been reported to ameliorate 
cognitive symptoms in patients with Parkinson’s disease50. Tolcapone, a COMT inhibitor 
acting both in the peripheral and in the central nervous system48, may have important 
therapeutic implications for patients with schizophrenia. However, further research is 
warranted to investigate safety and efficacy of the use of COMT inhibitors in patients 
with schizophrenia.

In conclusion, our preliminary data suggest that the COMT high-activity Val 
allele is associated with more obsessive-compulsive symptoms in young males 
with schizophrenia. Therefore, our results further support the hypothesis that the 
COMT Val158Met polymorphism may be a modifier gene for the symptomatology of 
schizophrenia. 
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Abstract
Catechol-O-Methyltransferase (COMT) is the most important mechanism for dopamine 
degradation in the prefrontal cortex and contains a functional polymorphism (Val158Met) 
influencing enzyme activity. The low-activity Met allele has been associated with better 
performance on cognitive tasks relying on the prefrontal cortex. Whether COMT also 
affects brain structure, is still unclear. This study investigated the relationship between 
the COMT Val158Met polymorphism and brain anatomy in healthy young adults. In a 
cross-sectional study, structural MRI data and DNA for COMT genotyping were obtained 
from 154 healthy young adults. Statistical Parametric Mapping software (SPM2) and 
optimized voxel-based morphometry were used to determine total and regional gray 
and white matter density differences between genotype groups, as well as age-related 
gray and white matter density differences within the genotype groups. We found a 
significant effect of COMT genotype on age-related differences in gray and white matter 
density in females but not in males. In female Val carriers increased gray matter in the 
temporal and parietal lobe and the cerebellum and increased white matter in the frontal 
lobes were positively correlated with age; in female Met homozygotes decreased gray 
matter density in the parietal lobe and decreased white matter density in the frontal 
lobes, the parahippocampal gyrus and the corpus callosum were positively correlated 
with age. These results suggest that the COMT Val158Met polymorphism may affect age-
related differences in gray and white matter density in females. 
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Introduction
The prefrontal cortex (PFC) and its connections with dopaminergic neurons in the 
midbrain are important for motivated behavior, working memory and learning1, 2. 
Degradation of dopamine in the PFC is largely dependent on activity of the enzyme 
catechol-O-methyltransferase (COMT)3. A polymorphism in the COMT gene, leading 
to an amino acid substitution (Valine [Val] to Methionine [Met]) results in decreased 
thermostability and variable enzymatic activity: at physiological temperatures, the Met/
Met variant of MB-COMT shows 40% less enzymatic activity than the Val/Val variant3. 
Effects of the COMT Val158Met polymorphism on cognition, behavior and its role in 
several neuropsychiatric disorders have been investigated extensively4, 5. Although the 
COMT Val158Met polymorphism has not been consistently found to increase risk of 
neuropsychiatric disorders6, several studies found evidence for an association between 
the low-activity Met allele and improved performance on cognitive tasks involving 
the PFC in the healthy population7-9. The COMT Val158Met polymorphism has been 
reported to affect midbrain tyrosine hydroxylase levels and dopamine synthesis10 and to 
modulate dopaminergic interactions between the PFC and the midbrain9, 11. Therefore, 
the COMT Val158Met polymorphism influences cognition probably by influencing 
dopamine regulation in the brain. However, although many studies have investigated 
the effects of the COMT Val158Met polymorphism on brain function, its association with 
brain structure is still unclear. To date, only few studies have looked at the effect of the 
COMT Val158Met polymorphism on brain structure12-15. Ho13 studied 49 control subjects 
and 100 schizophrenia patients and found no association between COMT genotype 
and volumes of gray matter, white matter, and cerebrospinal fluid in the frontal lobes, 
neither in schizophrenia patients nor in healthy controls. Recently, Ohnishi15, who 
studied 76 controls and 46 schizophrenia patients, reported a disease and COMT 
genotype interaction with no effect of COMT genotype on brain morphometry in healthy 
controls but a significant volume reduction of the anterior cingulate cortex (bilateral), 
left amygdala, the right middle temporal gyrus, and the left thalamus in patients with 
schizophrenia homozygous for the Val allele in comparison to Met carriers. Gothelf12 
investigated effects of COMT genotype on brain anatomy and function in patients 
with velocardiofacial syndrome (VCFS) who are haploinsufficient for COMT due to 
a microdeletion at chromosome 22q11. The authors reported that VCFS children and 
adolescents with the Met allele showed more decline in prefrontal cortical volume than 
those with the Val allele. Furthermore, Kates14 reported gender-moderated effects of 
COMT genotype on prefrontal lobe volumes in a recent study that investigated children 
with VCFS. All of these studies looked specific at the PFC and did not report on other 
brain regions, except Ohnishi15 who explored structural volume and size differences 
between schizophrenia patients and controls using a whole brain approach.
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Brain anatomy in the normal population is subject to dynamic changes continuing across 
the life span16, 17. Brain maturation during early adulthood is characterized by relative 
gray matter loss with simultaneous white matter increase continuing well into the third 
decade of life16, 17. Phylogenetically older cortical areas mature earlier than more recently 
evolved higher-order association cortices; i.e. frontal brain areas maturate last17. To 
our knowledge, association between the COMT Val158Met polymorphism and gray and 
white matter morphology has not yet been studied, nor have possible effects of COMT 
genotype on brain maturation. In this cross-sectional study we explored the effect of 
the COMT Val158Met polymorphism on brain morphometry in a large sample of healthy 
young adults. We investigated whether there are differences between COMT Val158Met 
genotype groups in (1) total gray and white matter volume; (2) regional gray and white 
matter density; and (3) age-related effects in gray and white matter density. Instead of 
the region-of-interest (ROI)12-14 and primarily volumetric15 approach employed by all 
previous studies investigating effects of COMT on brain anatomy, we explored effects 
of COMT genotype on gray and white matter density using a whole brain approach and 
optimized voxel-based morphometry (VBM). 

Methods
Subjects  Participants of the study were 188 healthy subjects, aged 18-35 years, of 
normal intelligence and recruited by website and paper advertisements for participation 
in a neuroimaging study described in detail elsewhere18. Exclusion criteria were physical 
or mental illness, use of psychotropic medication (e.g. serotonin reuptake inhibitors), 
current or past use of (intravenous) drugs, and pregnancy. All subjects received a 
magnetic resonance imaging (MRI) investigation. All participants gave written consent 
as approved by the local ethics commission (Academic Medical Center of the University 
of Amsterdam). 

DNA extraction and genetic analysis  Blood samples were collected from all subjects 
for DNA isolation. Genomic deoxyribonucleic acid (DNA) was extracted using a MagNA 
Pure LC system and a MagNA Pure LC DNA Isolation Kit I (Roche Diagnostics). 
Genotyping of the COMT Val158Met polymorphism (rs4680) was performed using single 
base primer extension and analyzed by matrix-assisted laser-desorption/ionization 
time-of-flight mass spectrometry (MALDI-TOF MS) on a Bruker III Daltonics Mass 
Spectrometer as described previously19 (details available upon request). All DNA samples 
were genotyped in duplicate to ensure reliability.

Statistical analysis  Analysis was performed using the Statistical Package for the 
Social Sciences (SPSS), version 12.0. The population was divided in two groups according 
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to COMT genotype: Val allele carriers (Val/Val and Val/Met individuals) and Met 
homozygotes (Met/Met individuals). We tested for between-group differences in age 
and years of education using t-tests, and for gender and handedness using χ2 tests. Level 
of statistical significance was defined as p<0.05.

Image acquisition/scanning protocol  Magnetic resonance imaging of the brain 
was performed on a 1.5-T MRI system (Signa Horizon, LX 9.0, General Electric Medical 
Systems, Milwaukee, WI), using a high resolution T1-weighted 3D whole brain (Fast 
Spoiled Gradient Echo, FSPGR), post-gadolinium sequence (124 contiguous slices (no 
gap), matrix: 256 x 192, slice thickness: 1.4 mm, field of view: 260 mm, TR (repetition 
time): 30 ms, TE (echo time): 6 ms), voxel size: 1.0 x 1.0 x 1.4 mm. 

Quantitative volumetric analysis  Using a volumetric tool implemented in SPM2 
(Statistical Parametric Mapping, Wellcome Department of Imaging Neuroscience, 
Functional Imaging Laboratory, London, UK; www.fil.ion.ucl.ac.uk/spm) implemented 
in Matlab (Mathworks, Sherborn, MA), total parenchymal brain volume was calculated. 
For this procedure, non-normalized structural images are segmented using SPM2, 
thereafter, the binary gray and white matter segments are assesses as follows:  For each 
segment separately, using a probability approach, the sum of voxels with a probability 
of more than 50% of belonging to gray matter (or white matter, according to the chosen 
segment) is created and multiplied by the voxel size information of the original image.  The 
volume outcome measure is stated in liters (milliliters, ml). To achieve total parenchymal 
volume, gray matter volume and white matter volume measures are added.  

Voxelwise morphometric MRI analysis  Optimized VBM techniques including 
template creation, spatial normalization, tissue segmentation and smoothing20, 21, 22 were 
employed in SPM2. Gray and white matter segments were smoothed with a 10 mm full 
width at half maximum (FWHM) isotropic Gaussian kernel for statistical comparisons. 
Regionally specific gray and white matter differences between genotype subgroups 
were assessed using t-statistics. Student t-tests were carried out, investigating group 
differences on a voxel-by-voxel basis for the gray and white matter segments. Two-way 
ANOVAs for group comparisons were thresholded at p<0.001, with a minimal cluster 
size (cluster extend threshold at p<0.001) of 10 voxels. Voxels and clusters were localized 
using the Montreal-Neurological-Institute (MNI) co-ordinates and transformed into 
Talairach and Tournoux (T&T)23 coordinates24. Age-related density effects were 
assessed using non-parametric statistics (Spearman’s rank correlation) with age as an 
ordinal variable, implemented in SPM2. Gray and white matter segments were analyzed 
per COMT genotype group.
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Results
Demographic data  From 185 of the 188 subjects both DNA and MRI scans were 
available. Thirty-one of the initial 185 scans had to be left out of the VBM analysis due 
to bad or abnormal segmentation (e.g. eyes within segmentation). In total, 154 subjects 
were included in the analysis (57 males (37%), 97 females (63%), mean age=21.8, SD=3.1, 
range 18-35). The study group mainly consisted of white Caucasians (N=147; 95.5%); 108 
(70%) were Val carriers and 46 (30%) were Met homozygotes. Neither age (p=0.37), gender 
(p=0.47), educational level (measured by years of education) (p=0.55), nor handedness 
(p=0.79) differed significantly between the Val carriers and Met homozygotes. 
Furthermore, these variables did not differ between the two genotype groups when 
males and females were analyzed separately.

Quantitative volumetric analysis  The COMT genotype groups did not differ in total 
gray or white matter volumes (gray matter: p=0.81; white matter: p=0.56). As expected, 
gray matter and white matter volumes were significantly larger in males compared 
to females (gray matter: p<0.000; white matter: p<0.000; mean gray matter volume 
males=845.14 ml, SD=76.88; mean gray matter volume females=762.86 ml, SD=76.60; 
mean white matter volume males=499.02 ml, SD=39.48; mean white matter volume 
females=435.06 ml, SD=40.48). Therefore, we also analyzed tissue class volume differences 
between genotype groups separately in males and females. Again, no difference was 
found in gray matter and white matter volumes between genotype groups (gray matter, 
males: p=0.48; white matter, males: p=0.98; gray matter, females: p=0.16; white matter, 
females: p=0.80). Furthermore, we found no evidence for gender x genotype interaction 
on total gray or white matter volume. 

Regional gray and white matter density differences between COMT genotype 
groups After correction for multiple comparisons, no gray or white matter density 
differences were found between Val carriers and Met homozygotes. Since COMT has 
been reported to act in a sex-specific way25, 26, we also analyzed males and females 
separately. Again, no clusters reached statistical significance after correction for 
multiple comparisons. 

Age-related differences in gray- and white matter density  When we analyzed the 
total population (i.e. males and females) no gray or white matter density differences 
were found between Val carriers and Met homozygotes after correction for multiple 
comparisons. Additionally, we looked at age-related differences in males and females 
separately. In males, no effect of COMT genotype on gray and white matter density 
was found. In contrast, in females we found (i) regional increases of gray and white 
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matter with increasing age in the Val carriers; and (ii) regional decreases of gray and 
white matter with increasing age in Met homozygotes (Table 1).  In female Val carriers, 
increased gray matter in right temporal lobe, right parietal lobe, and right cerebellum, 
and increased white matter in bilateral frontal lobes was positively correlated with 
increasing age (p<0.05, corrected for multiple comparisons) (Figure 1 a and b). In female 
Met homozygotes, decreased gray matter in right parietal lobe and left parahippocampal 

Table 1 Brain areas, Talairach and Tournoux coordinates23 and brain hemisphere of age-related differences 
in gray and white matter density in females only (results are corrected for multiple comparisons). The 
location of significant voxels/clusters is given in millimeters according to Talairach coordinates23. 

Talairach and Tournoux 
coordinates*

Brain 
hemisphere#

Val carriers, females
Increased gray matter with increasing age

Temporal lobe, supramarginal gyrusa 43 -54 27 R
Parietal lobe, angular gyrusa 37 -55 31 R
Temporal lobe, middle temporal gyrusa 47 -45 9 R
Cerebellum, posterior lobe, cerebellar tonsilb 26 -53 -32 R
Cerebellum, anterior lobea 15 -50 -30 R
Cerebellum, posterior lobe, cerebellar tonsilb 29 -55 -36 R

Increased white matter with increasing age
Frontal lobe, middle frontal lobec 9 -16 59 R
Frontal lobe, middle frontal lobec 15 -4 52 R
Frontal lobe, middle frontal lobec -5 -19 59 L
Frontal lobe, superior frontal lobed 35 24 52 R
Frontal lobe, middle frontal lobed 47 15 52 R

Met homozygotes, females
Decreased gray matter with increasing age

Parietal lobe, inferior parietal lobee 59 -24 32 R
Limbic lobe, parahippocampal gyrusf -24 -43 -10 L

Decreased white matter with increasing age
Parietal lobe, inferior parietal lobee 59 -33 33 R
Limbic lobe (parahippocampal)f -20 -35 -6 L
Corpus callosumf -12 -40 8 L
Frontal lobe, precentrale 45 -12 44 R
Frontal lobe, superior frontal lobeg 13 57 21 R
Frontal lobe, superior frontal lobeg 18 52 25 R
Frontal lobe, middle frontal lobeg 12 55 -6 R

* Talairach and Tournoux coordinates23 specify the location of the significantly different voxels/clusters, 
according to a standard brain template (Montreal Neurological Institute24)
# Brain hemispheres: right hemisphere (R) , left hemisphere (L), Neurological Convention
a Corrected at p=0.022, cluster level
b Corrected at p=0.039, cluster level
c Corrected at p=0.005, cluster level
d Corrected at p=0.017, cluster level
e Corrected at p=0.015, cluster level
f Corrected at p=0.005, cluster level
g Corrected at p=0.006, cluster level
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gyrus, and decreased white matter in right frontal lobe, left parahippocampal gyrus, 
right inferior parietal lobe, and left corpus callosum was associated with increasing age 
(p<0.05, corrected for multiple comparisons) (Figure 1 c and d). 

Discussion
Here, we studied association between the COMT Val158Met polymorphism and brain 
anatomy in a large sample of healthy young adults. Using optimized VBM analysis 
we found a significant effect of COMT genotype on age-related gray and white matter 
densities in females but not in males. 
Our findings suggest that the COMT Val and Met allele may differentially affect brain 
changes over time in healthy females but not in males. One possible explanation for this 
gender difference may be related to estrogen. Brain maturation is a plastic, dynamic 
process in which  apoptosis and pruning in gray matter probably occurs simultaneously 
with myelination in white matter17, 27. Estrogens are known to affect cellular and 
physiological mechanisms in the brain including neuronal survival, apoptosis, and 
synaptic plasticity28 and MRI studies have demonstrated that there are gender differences 
in brain maturation and aging that may be partially explained by sex hormones29. 

Figure 1 Displayed are: age-related increases (red) and decreases (blue) of gray and white matter density in 
female val carriers (a, b) and female met homozygotes (c, d). The increased and decreased brain areas are 
overlaid (in colour) on a T1 weighted brain image for the purpose of localisation:  a) gray matter changes, 
transversal view; b) white matter changes, coronal view; c) gray matter changes transversal view; d) white 
matter changes, coronal view.

a

b

c

d
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Furthermore, estrogen levels are positively correlated to dopaminergic activity30 and 
women may have higher synaptic dopamine concentrations than men31. Recently, a 
gender-specific effect of the COMT Val158Met polymorphism on brain anatomy was 
observed in children with 22q11deletion syndrome who are haploinsufficient for COMT14. 
One explanation for the differential effects of the COMT Val158Met polymorphism in 
males and females could be the presence of multiple estrogen responsive elements in the 
promoter region of the COMT gene. Down-regulation of COMT expression by estrogens 
has been shown by two independent studies32, 33 and probably leads to decreased COMT 
activity in females34. Thus, estrogens modulate COMT activity and may affect central 
dopaminergic neurotransmission; future studies will need to investigate interactions 
between estrogens, dopamine and genetic factors (e.g. the COMT gene) and their 
influence on brain maturation and aging.
Our findings of increased gray matter density in temporal and parietal regions and 
the cerebellum with increasing age in Val carriers may indicate that the COMT high-
activity Val allele is associated with a relative delay in brain maturation. Dopaminergic 
innervation increases during brain maturation and decreases to adult levels during late 
adolescence and early adulthood35. It is possible that relatively low synaptic dopamine 
levels due to high COMT activity (Val allele) are associated with a (relative) delay in 
gray matter loss and/or white matter increase. It is unclear whether these structural 
changes also result in functional alterations. It has been suggested that the Val allele is 
associated with worse performance on tasks demanding fronto-striatal connectivity7-9. 
Decreased efficiency of the PFC7, 9 may reflect relatively delayed brain maturation and 
may be a consequence of relatively low prefrontal dopamine levels associated with the 
COMT Val allele. 
Alternatively, our findings of decreased gray and white matter in parietal, frontal, and 
parahippocampal regions with increasing age in Met homozygotes could reflect a 
relatively earlier onset of brain aging. Brain aging in healthy individuals is accompanied 
by gray and white matter loss and occurs first in frontal brain regions16. In healthy 
females, age-related volume loss is most pronounced in parietal and hippocampal 
regions29. Furthermore, increasing age has been associated with loss of (1) dopamine 
transporters36; (2) D2 receptors37; (3) D1 receptors38; and (4) dopamine synthesis39. These 
changes have been observed in both striatal and extrastriatal brain regions39. Whether 
the COMT Val158Met polymorphism influences the process of brain aging by modulating 
dopaminergic systems needs to be addressed further in future studies.
A limitation of this study is that post-gadolinium MRI scans provided with poor signal-to-
noise-ratio. Furthermore, we used a cross-sectional design whereas longitudinal designs 
are needed to further investigate age-related brain changes. Strengths of our study are 
the large sample size and our ability to look at age-related and gender effects. Although 
the age range of our sample is relatively small (19-35 years), this is an interesting age 
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range for studying brain maturation processes. Also, this is the first report investigating 
association between COMT genotype and gray and white matter density differences 
using VBM.
In summary, we studied association between the COMT Val158Met polymorphism and 
brain anatomy in a large sample of healthy young adults and found gender-specific effects 
of COMT genotype on age-related differences in brain morphometry: with increasing 
age, regional gray and white matter density was increased in female Val carriers and 
decreased in female Met homozygotes. To our knowledge this is the first report showing 
an effect of COMT genotype on age-related differences in brain morphometry. Further 
studies are needed to investigate age-related and gender-specific effects of COMT 
genotype on brain structure and function.
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Abstract
Haploinsufficiency of 22q11 genes including catechol-O-methyltransferase (COMT) 
and proline dehydrogenase (PRODH) may result in structural and functional brain 
abnormalities and increased vulnerability to schizophrenia as observed in patients 
with microdeletions of 22q11. Thus COMT and PRODH could be modifier genes for 
schizophrenia. We examined association of polymorphisms in COMT and PRODH 
with brain anatomy in young patients with schizophrenia and schizoaffective disorder. 
We acquired structural magnetic resonance imaging data from 51 male patients and 
genotyped two single nucleotide polymorphisms (SNPs) in the COMT gene and three in 
the PRODH gene. Statistical Parametric Mapping software and optimized voxel based 
morphometry were used to determine regional gray matter (GM) and white-matter 
(WM) density differences, and total GM and WM volume differences between genotype 
groups. Two non-synonymous SNPs in the PRODH gene were associated with bilateral 
frontal WM density reductions and a SNP in the P2 promoter region of COMT (rs2097603) 
was associated with GM increase in the right superior temporal gyrus. Furthermore, 
we found evidence for COMT and PRODH epistasis: in patients with a COMT Val allele 
(rs4680) and with one or two mutated PRODH alleles we observed increased WM density 
in the left inferior frontal lobe. Our results suggest that genetic variation in COMT and 
PRODH has significant effects on brain regions known to be affected in schizophrenia. 
Further research is needed to investigate the role of 22q11 genes on brain structure and 
function and their role in vulnerability for schizophrenia.
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Introduction
Microdeletions of chromosome 22q11 are associated with (i) a high incidence of 
schizophrenia1, (ii) specific neuropsychological abnormalities2, (iii) cortical gray 
matter (GM) and white matter (WM) density reductions in brain areas implicated in 
schizophrenia3, 4, and (iv) neurophysiological abnormalities5. Many 22q11 genes are 
expressed in the brain from early development through maturity6; hence, deficient 
functioning of 22q11 genes may disrupt normal development or maturation of neural 
circuits resulting in neurophysiological and neuropsychological abnormalities, and in an 
increased risk to develop schizophrenia. The catechol-O-methyltransferase (COMT) and 
the proline dehydrogenase (PRODH) genes are functional candidate genes located on 
22q11 that may be able to modify the psychiatric phenotype of people with 22q11 deletion 
syndrome (22q11DS) and schizophrenia.

COMT Catechol-O-methyltransferase (COMT) inactivates dopamine and plays a crucial 
role in dopamine metabolism in the prefrontal cortex (PFC). A common single nucleotide 
polymorphism (SNP) in the COMT gene, leading to an amino acid substitution (Valine 
[val] to Methionine [met]), results in decreased thermostability and variable enzymatic 
activity7. The COMT Val158Met polymorphism has been associated with regulation of 
cortical dopaminergic neurotransmission and performance on cognitive tasks involving 
the PFC in patients with schizophrenia and healthy individuals8, 9. Furthermore, previous 
studies reported association between COMT Val158Met genotype and brain morphology 
in people with 22q11 deletion syndrome (22q11DS)10, in schizophrenia patients11, 
and in healthy controls12. Here, we explored the effects of two COMT SNPs on brain 
morphometry in patients with schizophrenia and schizoaffective disorder: we studied 
the COMT Val158Met polymorphism (rs4680) and rs2097603. Rs2097603 is located in 
a regulatory region of COMT, it affects COMT activity7, and has been associated with 
schizophrenia13 and with brain function in healthy controls14. 

PRODH The PRODH gene encodes proline oxidase (POX), a mitochondrial enzyme 
that catalyzes the conversion of proline into different metabolites including glutamate. 
PRODH deficient mice show schizophrenia-related phenotypes, with deficits in 
associative learning, abnormalities of sensorimotor gating as measured by pre-pulse 
inhibition (PPI), and altered response to psychomimetic drugs15, 16. Although many 
studies implicated PRODH variants as susceptibility factors for schizophrenia15, 17-

21, others have not been able to replicate these findings22, 23. To date, the association 
between genetic variation in the PRODH gene and brain morphometry in patients with 
schizophrenia, or 22q11DS, or controls has not yet been studied. We analyzed two non-
synonymous PRODH SNPs (rs2008720 and rs450046), both decreasing enzyme activity 

proefschrift.indb   141 27-9-2007   11:16:38



142

considerably24; and a synonymous SNP (rs372055) previously associated with psychiatric 
symptoms in children with 22q11DS10. In addition, we explored whether decreased 
PRODH activity (due to non-synonymous SNPs) would influence brain morphometry 
in the presence of one or two low-activity COMT alleles, since recent animal studies 
reported transcriptional and behavioral interaction between COMT and PRODH16, and 
hyperprolinemic 22q11DS patients with the low-activity COMT allele are at high risk for 
developing psychosis25. 
Since magnetic resonance imaging (MRI) studies in 22q11DS and schizophrenia have 
reported specific structural brain changes – in particular temporal GM and frontal WM 
reductions – likely to be associated with increased risk for psychosis26-29, we hypothesized 
that in patients with schizophrenia or schizoaffective disorder genetic variation in COMT 
and PRODH would mostly affect temporal lobe GM and frontal lobe WM.

Methods and materials
Subjects Patients were recruited from the Adolescent Clinic of the Academic Medical 
Center of the University of Amsterdam. After complete description of the study to the 
subjects, written informed consent was obtained. The study was approved by the human 
subjects review board of our institution. Exclusion criteria were organic brain syndrome, 
endocrine disorder, and substance-induced psychosis. Patients who met Diagnostic and 
Statistical Manual of Mental Disorders, 4th Edition (DSM-IV)30 criteria for schizophrenia 
or schizoaffective disorder were included in the study. Diagnosis at discharge was 
established according to DSM-IV criteria and was based on a semi-structured clinical 
interview by two independent psychiatrists as described as previously31; diagnoses were 
based on all available clinical information including the semi-structured interview, 
examination of case-records and information from relatives and mental health 
professionals. 

DNA extraction and genetic analysis Blood samples were collected from all subjects 
for DNA isolation. Genomic deoxyribonucleic acid (DNA) was extracted using a filter-
based method (QIAamp DNA Mini Kit, Qiagen Ltd, United Kingdom). Subjects were 
genotyped for the following SNPs: COMT rs2097603 and rs4680 (COMT Val158Met) 
and PRODH rs2008720, rs450046, and rs372055. Genotyping of the polymorphisms 
was performed using single base primer extension and analyzed by matrix-assisted 
laser-desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS) on 
a Bruker III Daltonics Mass Spectrometer as described previously32 (details available 
upon request). Homology between PRODH and a PRODH pseudogene (PsPRODH, also 
located on 22q11) is high; therefore, a basic local alignment search tool (BLAST) search 
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was performed to ensure that all primers were PRODH specific. All DNA samples were 
genotyped in duplicate to ensure reliability. 

Image acquisition/scanning protocol Magnetic resonance imaging of the brain 
was performed on a 1.5-T MRI system (Signa Horizon, LX 9.0, General Electric Medical 
Systems, Milwaukee, WI), using a high resolution T1-weighted 3D whole brain (Fast 
Spoiled Gradient Echo, FSPGR) sequence (124 contiguous slices (no gap), matrix: 256 x 
192, slice thickness: 1.4 mm, field of view: 260 mm, TR (repetition time): 30 ms, TE (echo 
time): 6 ms). All images were acquired in transversal mode.

Demographic statistics Analysis was performed using the Statistical Package for the 
Social Sciences (SPSS), version 12.0. For each SNP the population was divided in two 
groups according to genotype. We tested for between-group differences in age and years 
of education using t-tests. Level of statistical significance was defined as p<0.05. 

Quantitative volumetric analysis Using a volumetric tool implemented in Statistical 
Parametric Mapping 2 (SPM2), total parenchymal brain volume was calculated. For this 
procedure, non-normalized structural images are segmented using SPM2, thereafter, the 
binary GM and WM segments are assessed as follows: for each segment separately, using 
a probability approach, the sum of voxels with a probability of more than 50% of belonging 
to GM (or WM, according to the chosen segment) is created and multiplied by the voxel 
size information of the original image. The volume outcome measure is stated in liters 
(milliliters, ml). 

Voxel-wise morphometric MRI analysis Optimized voxel-based morphometry (VBM) 
techniques including template creation, spatial normalization, tissue segmentation and 
smoothing 33-35 were employed using SPM2. GM and WM segments were smoothed with 
a 10 mm full width at half maximum (FWHM) isotropic Gaussian kernel for statistical 
comparisons. Regionally specific GM and WM differences between genotype subgroups 
were assessed using t-statistics. Student t-tests were carried out, investigating group 
differences on a voxel-by-voxel basis for the GM and WM segments. One-way ANOVAs for 
group comparisons were thresholded at p<0.001, with a minimal cluster size (cluster extend 
threshold at p<0.001) of 10 voxels. Furthermore, corrections for multiple comparisons were 
employed at voxel and at cluster level with p<0.05 (corrected). Voxels and clusters were 
localized using the Montreal-Neurological-Institute (MNI) co-ordinates and transformed 
into Talairach and Tournoux (T&T, 1988) coordinates36. 
GM and WM segments were analyzed per SNP. The SNP populations were divided in two 
groups according to genotype. Additionally, we investigated whether COMT Val158Met 
genotype in combination with one or two low-activity PRODH rs20086720 alleles was 
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associated with GM and WM density differences. We did not perform this analysis with 
PRODH rs450046 since the number of low-activity alleles was too low (N=5).

Results
Demographic data From 51 patients with schizophrenia or schizoaffective disorder 
both an MRI scan and DNA was available. All patients were Caucasian males (mean 
age=24.7, SD=2.8, range 19-30) and met DSM-IV criteria for schizophrenia, paranoid, 
disorganized, or undifferentiated type (N=47; 92%), or for schizo-affective disorder (N=4; 
8%). At time of scanning most patients were using antipsychotic medication (olanzapine, 
N=16; risperidone, N=14; quetiapine, N=1; clozapine, N=9; typical antipsychotics, N=3; no 
medication, N=8). Demographic data and genotype frequencies are presented in Table 
1. For testing effects of genetic variation in COMT and PRODH on GM and WM density 
differences, we divided the patients in two genotype groups for each SNP (Table 1). 
Educational level did not differ between genotype groups nor did age for most genotype 
groups (for p-values, see Table 1). However, mean age between rs372055 genotype groups 
differed significantly (mean age=25.39 (SD=2.68) in T homozygotes; mean age=23.18 
(SD=2.48) in C carriers; p=0.007). Therefore, we used age as a covariate in the SPM2 
analysis. For one of the SNPs tested (rs2097603) medication differed significantly 
between genotype groups (χ2=13.5, df=6, p=0.035) due to nine patients in the G carrier 
group using clozapine, opposed to none in the AA group. Medication use did not differ 
between genotype groups for any of the other SNPs and SNP combinations tested. None 
of the SNPs deviated from Hardy-Weinberg equilibrium. In one subject genotyping failed 
for rs372055. 

Quantitative volumetric analysis For one SNP in the PRODH gene (rs372055) there was 
a significant difference in GM volume and total brain volume: in C carriers (patients with 
CT and CC genotype) we observed increased total GM and increased total brain volume 
in comparison to patients with TT genotype (Table 2). We did not observe differences in 

Table 1 Genotype frequencies and demographic data. Educational level and age between genotype groups are 
compared using Student’s t-tests. 

COMT PRODH

rs2097603 rs4680 rs2008720 rs450046 rs372055

AA (n=23) AG + GG (n=28) GG + GA (n=42) AA (n=9) GG (n=12) GT + TT (n=39) AA (n=46) AG (n=5) TT (n=33) CT + CC (n=17)
Age (mean, SD) 24.57 (2.95) 24.82 (2.74) 24.81 (2.81) 24.22 (2.95) 24.25 (2.63) 24.85 (2.88) 24.72 (2.75) 24.60 (3.65) 25.39 (2.68) 23.18 (2.48)

p=0.8 p=0.6 p=0.5 p=0.9 p=0.007
Educational level (mean, SD) 4.87 (1.18) 4.79 (0.83) 4.88 (1.06) 4.56 (0.53) 4.42 (1.08) 4.95 (0.94) 4.78 (0.99) 5.20 (1.10) 4.82 (0.95) 4.88 (1.11)

p=0.8 p=0.2 p=0.11 p=0.4 p=0.8
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total brain volume, or in GM and WM volumes between genotype groups of other SNPs 
(see Table 2).

Regional GM and WM density differences between genotype groups For the voxel-
based morphometry analysis, we compared GM and WM density between genotype 
groups for each of the five analyzed SNPs. The T&T coordinates of three-dimensional 
clusters of brain tissues that significantly differed between genotype groups are shown 
in Table 3 (COMT SNPs) and Table 4 (PRODH SNPs) (corrected for multiple comparisons 
at cluster level, p<0.05). 

Table 1 Genotype frequencies and demographic data. Educational level and age between genotype groups are 
compared using Student’s t-tests. 

COMT PRODH

rs2097603 rs4680 rs2008720 rs450046 rs372055

AA (n=23) AG + GG (n=28) GG + GA (n=42) AA (n=9) GG (n=12) GT + TT (n=39) AA (n=46) AG (n=5) TT (n=33) CT + CC (n=17)
Age (mean, SD) 24.57 (2.95) 24.82 (2.74) 24.81 (2.81) 24.22 (2.95) 24.25 (2.63) 24.85 (2.88) 24.72 (2.75) 24.60 (3.65) 25.39 (2.68) 23.18 (2.48)

p=0.8 p=0.6 p=0.5 p=0.9 p=0.007
Educational level (mean, SD) 4.87 (1.18) 4.79 (0.83) 4.88 (1.06) 4.56 (0.53) 4.42 (1.08) 4.95 (0.94) 4.78 (0.99) 5.20 (1.10) 4.82 (0.95) 4.88 (1.11)

p=0.8 p=0.2 p=0.11 p=0.4 p=0.8

Table 2 Results from quantitative volumetric analysis. 

SNP name WM, GM and total brain volumes per genotype group

rs2097603 COMT AA (n=23) AG + GG (n=28) p-value
Gray matter 708.8 (52.5) 709.5 (44.3) 1.0
White matter 434.5 (41.3) 425.2 (39.6) 0.4
Total brain tissue 1143.3 (59.1) 1134.7 (61.0) 0.6

rs4680 COMT GG + AG  (n=42) AA  (n=9)
Gray matter 707.8 (48.9) 715.5 (43.7) 0.7
White matter 429.7 (37.0) 428.1 (55.4) 0.9
Total brain tissue 1137.5 (53.3) 1143.6 (87.8) 0.8

rs2008720 PRODH GG  (n=12) GT + TT (n=39)
Gray matter 718.8 (47.7) 706.2 (47.9) 0.4
White matter 441.6 (31.5) 425.6 (42.2) 0.2
Total brain tissue 1160.4 (52.6) 1131.9 (60.8) 0.2

rs450046 PRODH AA  (n=46) AG  (n=5)
Gray matter 709.7 (48.2) 704.3 (47.8) 0.8
White matter 428.4 (41.7) 438.8 (24.5) 0.6
Total brain tissue 1138.1 (60.9) 1143.1 (52.8) 0.9

rs372055 PRODH TT  (n=33) CT + CC  (n=17)
Gray matter 699.1 (49.4) 732.0 (35.6) 0.019
White matter 422.9 (42.7) 439.7 (33.5) 0.17
Total brain tissue 1122.0 (59.4) 1171.7 (48.4) 0.005
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One polymorphism located in a promoter region of COMT (rs2097603) was significantly 
associated with GM density differences in our population: patients with AA genotype 
showed increased GM density in the right superior temporal gyrus when compared to 
AG subjects (p=0.039, corrected for multiple comparisons; see Figure 1a). No significant 
differences in GM or WM density were identified between COMT Val158Met (rs4680) 
genotype groups. 
When we analyzed association between SNPs in the PRODH gene and brain morphometry, 
we discovered WM density reductions in the frontal lobes (bilaterally) in subjects with 
rs2008720 GG genotype in comparison to subjects with GT or TT genotype (Figure 1b). 

Table 3 Coordinates of regional differences in GM and WM density between COMT rs2097603 (P2 promoter 
SNP)  and rs4680 (Val158Met) genotype groups. Location of each cluster is given in Talairach coordinates68 
(Tal x, y, z, in millimeters). “Corrected p-values” are corrected for multiple comparisons at cluster level 
(p<0.05). NS: non-significant.

Cerebral region Tal x Tal y Tal z p-value Corrected
p-value

COMT 
rs2097603 (P2 promoter SNP)

Decreased gray matter in AA genotype group compared 
to AG and GG genotype groups
Inferior parietal lobe -65 -46 26 0.000 NS
Increased gray matter in AA genotype group compared to 
AG and GG genotype groups
Superior temporal gyrus 41 14 -47 0.000 0.039
Middle frontal gyrus -37 42 24 0.000 NS
Limbic lobe 36 -15 -26 0.000 NS
Increased white matter in AA genotype group compared 
to AG and GG genotype groups
Middle frontal lobe -35 18 31 0.000 NS
Decreased gray matter in GG and AG genotype groups 
compared to AA genotype group
Inferior occipital gyrus 35 -84 0 0.000 NS
Angular gyrus (temporal lobe) 41 -76 30 0.000 NS
Increased gray matter in GG and AG genotype groups 
compared to AA genotype group
Fusiform gyrus (temporal lobe) 53 -51 -16 0.001 NS
Increased white matter in GG and AG genotype groups 
compared to AA genotype group
Inferior longitudinal fasciculus -39 -16 -19 0.000 NS

rs4680 (Val158Met)
Increased gray matter in GG and AG genotype groups 
compared to AA genotype group
Middle frontal gyrus -34 34 33 0.000 NS
Decreased white matter in AA genotype group compared 
to AG and GG genotype groups
Superior frontal lobe (occipital frontal fasciculus) -41 17 15 0.000 NS

proefschrift.indb   146 27-9-2007   11:16:38



C
hapter 7

C
O

M
T, PRO

D
H

, and brain anatom
y in schizophrenia

147

The cluster of reduced WM was particularly large in the right frontal lobe and was also 
present – although smaller – contralaterally in the left frontal lobe. For rs450046 (PRODH) 
we observed reduced WM in the left frontal lobe (fasciculus uncinatus) in patients with 
AA genotype compared to those with AG genotype (p=0.009, corrected for multiple 
comparisons; see Figure 1c). 
We did two additional analyses to investigate COMT Val158Met (rs4680) and PRODH 
epistasis. We first compared patients with both COMT Met/Met genotype and 1or 
2 mutated PRODH rs20086720 alleles (GT or TT genotype) (N=8) with the rest of the 
patients (N=43) but found no significant GM or WM density differences. Next, we 
compared the group with a COMT Val allele and one or two mutated PRODH rs20086720 
alleles (GT or TT) (N=31) with the rest of the patients (N=20) and found that this group 
had increased WM in the left inferior frontal lobe (Figure 1d). 

Table 4 Coordinates of regional differences in GM and WM density between PRODH rs2008720, rs450046, 
and rs372055 genotype groups. Location of each cluster is given in Talairach coordinates68 (Tal x, y, z, in 
millimeters). “Corrected p-values” are corrected for multiple comparisons at cluster level (p<0.05). NS: non-
significant.

Cerebral region Tal x Tal y Tal z p-value Corrected 
p-value

PRODH
rs2008720

Decreased white matter in GG genotype group compared 
to GT and TT genotype groups
Frontal lobe (left) -31 25 11 0.001 NS
Frontal lobe (right) 32-36 okt-25 15-19 0.000 <0.05

rs450046
Decreased gray matter in AG genotype group compared to 
AA genotype group
Cerebellum 42 -38 -27 0.000 NS
Inferior frontal gyrus -34 18 -7 0.000 NS
Cuneus (occipital lobe) -1 -77 20 0.000 NS
Decreased white matter in AA genotype group compared 
to AG genotype group
Frontal lobe, fasciculus uncinatus -30 11 -8 0.000 0.009

rs372055
Increased gray matter in TT genotype group compared to 
CT and CC genotype groups
Superior temporal lobe/ inferior parietal lobe -46 -48 17 0.000 NS
Parahippocampal gyrus -13 -7 -34 0.000 NS
Increased white matter in CT and CC genotype groups 
compared to TT genotype group
Cerebellum -29 -43 -43 0.000 NS
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Discussion
We investigated association between genetic variation in COMT and PRODH – genes 
located on 22q11 – and brain morphometry in young patients with schizophrenia 
and schizoaffective disorder. Association was found between a COMT promoter SNP 
(rs2097603) and GM increase in the right superior temporal gyrus, and between two 
non-synonymous PRODH SNPs and bilateral frontal WM reductions. Furthermore, we 
found evidence for COMT and PRODH epistasis: in patients with a COMT Val allele 
(rs4680) and with one or two mutated PRODH alleles we observed WM excess in the left 
inferior frontal lobe.

COMT SNPs Although the COMT Val158Met polymorphism has not been identified 
to cause an increased risk of schizophrenia37-39, there is growing evidence that it may 
influence disease characteristics associated with schizophrenia, e.g. brain structure 
and function40. The COMT Val158Met polymorphism has been reported to modify the 
schizophrenia phenotype; also, some previous studies found association between this 

Figure 1 Significantly (p<0.05, corrected) a) increased superior temporal gyrus gray matter in patients with 
schizophrenia and schizoaffective disorder with COMT rs2097603 AA genotype compared to AG or GG 
genotype; b) decreased frontal lobe white matter in patients with PRODH rs2008720 GG genotype compared 
to GT and TT genotype; c) decreased frontal lobe white matter ( fasciculus uncinatus) in patients with 
PRODH rs450046 AA genotype compared to the AG genotype; and d) increased frontal lobe white matter 
in patients with a COMT rs4680 Val allele and one or two mutated PRODH rs20086720 alleles (GT or TT), 
compared to the rest of the patient population. Gray and white matter density differences are superimposed 
on a transversal T1-weighted image; sagittal view, neurological convention (R=R). 
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SNP and brain anatomy in patients with schizophrenia11 and in healthy controls12, 
although others did not41. In 22q11DS patients the COMT Met allele is a risk factor for 
prefrontal cortical volume decline10. However, in our study population we could not 
detect association of the COMT Val158Met polymorphism with brain morphometry. 
Rs2097603, the second COMT SNP we investigated, is located in a COMT promoter 
region and affects COMT activity in lymphocytes and post-mortem brain tissue7; the 
polymorphic alleles result in a small decrease of enzyme activity. In this study we found 
association between this SNP and GM density: in AA homozygotes (wildtype, relatively 
high COMT activity) we observed increased GM in the right superior temporal gyrus 
in comparison to G carriers (AG or GG genotype; polymorphic alleles). Changed GM 
composition in temporal regions has been reported in 22q11DS4, 26, 29. Moreover, 50% 
of VBM studies in schizophrenia report reduced volumes of right superior temporal 
gyrus28; results from region-of-interest (ROI) studies report superior temporal gyrus 
abnormalities even in up to 81%42, 43. Disturbed function of temporal regions (expressed 
as thought disorder and incoherence of speech) has been implicated in schizophrenia44; it 
is not clear however whether the structural changes we observed are underlying temporal 
dysfunction in schizophrenia. Variation in GM and WM volume in superior temporal 
regions is probably largely genetically determined45; therefore genes, e.g. COMT, may 
influence schizophrenia susceptibility by affecting temporal GM composition. Results 
from animal and human studies suggest that dopamine has a trophic action during 
early brain maturation and later influences cortical specification46. Thus, differences 
in dopaminergic clearance due to variable COMT activity may affect brain maturation 
because of differences in dopamine signaling during early brain development. 

PRODH SNPs Two out of the three PRODH SNPs we analyzed (rs2008720 and rs450046) 
change the amino acid sequence of the PRODH protein and are associated with a 30-
70% decrease of POX enzyme activity24. We observed frontal WM reductions in subjects 
with PRODH genotypes associated with normal POX activity: both the rs2008720 and 
the rs450046 wildtype genotype were associated with frontal WM reductions47. 
Abnormalities in function, structure and metabolism of frontal regions have been 
reported in 22q11DS patients4, 26, 29, 48-50 and in schizophrenia patients51, 52; in particular 
GM and WM deficits of frontal brain regions have been frequently reported in patients 
with schizophrenia27, 28, 42, 53. Also, studies of unaffected relatives of patients with 
schizophrenia showed similar brain abnormalities, which could (partly) be due to 
shared genetic liability54, 55. It has been proposed that schizophrenia is a disease in 
which the process of myelination is disturbed, especially in prefrontal areas56, 57. If the 
processes of brain maturation and myelination in frontal areas are under the influence of 
genetic variation e.g. in the PRODH gene, this could be the mechanism by which PRODH 
modulates schizophrenia susceptibility.
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Another possible mechanism by which PRODH may influence the risk of schizophrenia 
could be in altering glutamatergic neurotransmission. Glutamatergic neuronal 
dysfunction has been implicated in schizophrenia; in particular NMDA receptor 
hypofunction has been proposed as an etiological mechanism, involving glutamate-
induced neurotoxicity58-61. Furthermore, administration of the NMDA antagonist 
ketamine models the cognitive deficits and symptoms of schizophrenia in healthy 
subjects, and results in alterations of dopaminergic neurotransmission62-64; also, agents 
that enhance NMDA receptor activity are known to improve negative symptoms in 
patients with schizophrenia65. In mice PRODH deficiency is associated with enhanced 
dopaminergic signaling, altered glutamatergic neurotransmission, and decreased long-
term potentiation (LTP, the neuronal basis of memory and learning)16. These changes 
occurred selectively in the frontal cortex, i.e. not in the striatum, during a period of 
active synapse formation and stabilization. If PRODH activity indeed modulates cortical 
dopaminergic transmission and glutamatergic signaling during early brain development, 
then this could be one of the mechanisms by which genetic variation in PRODH could 
influence schizophrenia susceptibility. 
The PRODH SNP rs372055 that we found to be associated with differences in total GM 
volume and total brain volume does not result in amino acid changes. Interestingly, 
22q11DS patients with the rs372055 T allele showed somewhat more psychotic symptoms 
(measured with the Brief Psychiatric Rating Scale) in comparison to the C hemizygous 
group10. In our sample, patients with TT genotype had significantly smaller total GM 
and total brain volumes. Thus the rs372055 T allele may be associated with a more 
detrimental schizophrenia phenotype. Whether this is due to effects of rs372055 itself or 
to mutations in PRODH that are closely linked to this SNP remains to be clarified. Also, 
replication of this finding is crucial since its significance would not survive Bonferroni 
correction. 

COMT x PRODH epistasis We found that patients with a COMT Val allele (rs4680) and 
one or two mutated PRODH rs20086720 alleles (GT or TT) had increased frontal lobe 
WM density. Although our findings support interaction between COMT and PRODH, the 
exact mechanism remains unclear. Recently selective upregulation of COMT in the PFC 
has been demonstrated in PRODH deficient mice, possibly as a response to enhanced 
dopaminergic signaling16; also, the COMT inhibitor tolcapone had minimal effect on 
working memory and PPI in normal mice, but induced or amplified behavioral deficits in 
PRODH deficient mice. Furthermore, 22q11DS patients with both hyperprolinemia and 
the COMT Met allele are at risk for psychosis and schizophrenia25. Therefore, individuals 
with low COMT activity may be less capable to overcome dopaminergic hyperactivity 
due to PRODH deficiency; i.e. subjects with the COMT Met/Met genotype and one or 
two mutated PRODH alleles (resulting in moderate reduction of POX activity) may be 
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more vulnerable to factors predisposing for schizophrenia. However, we did not find 
any brain changes supporting this hypothesis. Alternatively, our results may indicate a 
protective effect: in our population, the combination of a COMT Val allele (rs4680) with 
one or two mutated PRODH rs20086720 alleles (GT or TT) is associated with an excess 
of frontal WM, whereas previous studies consistently reported frontal WM reductions 
in patients with schizophrenia. Whether our results could point to a beneficial effect of 
genetic variation in COMT and PRODH we are unable to conclude from our data. Future 
studies are needed to investigate whether this epistatic effect is indeed associated with 
variation in the schizophrenia phenotype.

This study has several limitations. Sample size is relatively small; therefore results should 
be considered preliminary and should be replicated in another sample. However, our 
group is homogeneous for ethnicity and gender, and - most importantly - all our patients 
have recent-onset schizophrenia or schizoaffective disorder. This makes it unlikely that 
results are confounded by disease duration or prolonged use of antipsychotic medication. 
For one of the SNPs tested (rs2097603) the use of clozapine differed significantly between 
genotype groups. Although we do not think an effect of clozapine can fully account for 
the detected association of this SNP with brain anatomy, and the p-value (0.035) would 
not survive Bonferroni correction (6 tests), we cannot completely rule out that for this 
SNP medication is a confounder. Since we investigated male patients only, our findings 
may not be generalized to female patients with schizophrenia. 
Interaction between estrogens and genetic factors including COMT66 may partially 
explain phenotypic differences between male and female schizophrenia patients; future 
studies are needed to unravel the role of genetic factors in phenotypic differences 
between male and female patients with schizophrenia. Also, other 22q11 genes than 
COMT and PRODH, e.g. ZDHHCC8, TBX1, and ARVCF, or other genes involved in 
glutamatergic neurotransmission, e.g. GRM367, could result in increased vulnerability 
to schizophrenia; these genes and possible epistatic effects warrant further research. 
In conclusion, our findings suggest that genetic variation in the 22q11 genes COMT and 
PRODH may modulate the schizophrenia phenotype by affecting brain regions that 
are known to be implicated in schizophrenia. Brain morphology as an intermediate 
phenotype is probably a useful tool to overcome the complex genetic and phenotypic 
heterogeneity in schizophrenia. 
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Abstract
The dystrobrevin-binding protein 1 (DTNBP1) gene is a susceptibility gene for 
schizophrenia. There is growing evidence that DTNPB1 contributes to intelligence 
and cognition. In this study, we investigated association between single nucleotide 
polymorphisms (SNPs) in the DTNBP1 gene and intellectual functioning in patients with 
a first episode of schizophrenia or related psychotic disorder (first-episode psychosis, 
FEP), their healthy siblings, and unrelated controls. From all subjects IQ measurements 
were obtained (verbal IQ [VIQ], performance IQ [PIQ], and full scale IQ [FSIQ]). Seven 
SNPs in the DTNBP1 gene were genotyped using single base primer extension and 
analyzed by matrix-assisted laser deionization mass spectrometry (MALDI-TOF). Mean 
VIQ, PIQ, and FSIQ scores differed significantly (p<0.001) between patients, siblings, 
and controls. Using a family-based and a case-control design, several single SNPs were 
significantly associated with IQ scores in patients, siblings, and controls. Although 
preliminary, our results provide evidence for association between the DTNBP1 gene 
and intelligence in patients with FEP and their unaffected siblings. Genetic variation 
in the DTNBP1 gene may increase schizophrenia susceptibility by affecting intellectual 
functioning.
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Introduction
Schizophrenia is associated with cognitive impairments1, 2 as was already recognized by 
Kraepelin3 who used the term “dementia praecox” to describe a chronic, deteriorating 
psychotic disorder characterized by progressive cognitive decline. To date, cognitive 
dysfunctions including deficiencies in attention, working memory, and executive 
functions are considered core features of the clinical schizophrenia phenotype, and are 
probably highly predictive for functional outcome4, 5. No single etiological substrate for 
schizophrenia and its associated cognitive profile has yet been identified, but common 
abnormalities include reductions in neuropil and size of neurons, and structural and 
functional abnormalities of prefrontal and temporal regions and the hippocampal 
formation6. Also, altered glutamatergic neurotransmission has been implicated as a 
functional substrate for psychotic and cognitive symptoms in schizophrenia7, in addition 
to the classical dopamine hypothesis8. Evidence from genetic linkage and association, 
and twin studies points to a major contribution of genetic factors to schizophrenia 
etiology9. Furthermore, since healthy family members of patients with schizophrenia 
show similar cognitive deficits, the cognitive profile associated with schizophrenia is 
probably highly heritable10. 
One of the key candidate genes to date is the dystrobrevin-binding protein 1 
(DTNBP1, or dysbindin) gene. Not only have several genome scans reported linkage 
of chromosome 6p22-24 to schizophrenia11-14, but also association has been reported 
between schizophrenia and a set of individual markers and haplotypes spanning the 
chromosomal region containing the DTNBP1 gene (6p22.3), a finding which has been  
replicated in several different populations15-24. Despite the large number of studies 
supporting DTBNP1 as a positional candidate gene for schizophrenia25, functional 
variants have not yet been identified, nor have any pathophysiological mechanisms. 
However, there is accumulating evidence that DTBNP1 may have a role in cognition. For 
example, one association study found a specific protective haplotype that was associated 
with higher educational achievement in patients with schizophrenia24. The authors 
propose that this protective haplotype within DTNBP1 may modify schizophrenia 
risk by enhancing cognition. This hypothesis is supported by a recent genome scan for 
intelligence using a large sample of healthy sib-pairs, that revealed putative linkage on 
6p25.3-6p22.326, and by a linkage scan in schizophrenia patients reporting linkage at 
6p24 to a neurocognitive deficit subtype of schizophrenia27. In addition, post-mortem 
studies have shown that DTNBP1 expression is reduced in the hippocampus and 
prefrontal cortex of patients with schizophrenia, regions of the brain that are crucial for 
adequate cognitive functioning28. DTNBP1 could also influence schizophrenia liability 
and cognition by modulating glutamatergic or dopaminergic neurotransmission: 
DTNBP1 is located in presynaptic glutamatergic neurons and is reduced in patients with 
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schizophrenia29; furthermore, down-regulation of DTNBP1 may lead to hyperactivation 
of midbrain dopaminergic systems30. Both the dopaminergic and the glutamatergic 
systems are key neurotransmitter systems for cognitive functioning7, 31. 
Recent data from two independent groups further support a role for DTNBP1 in cognition 
and schizophrenia susceptibility. Burdick et al32 recently reported association between 
a DTNBP1 haplotype and general cognitive ability in patients with schizophrenia and 
in healthy controls. Patients with schizophrenia carrying a DTNBP1 risk haplotype 
previously identified by Funke21, performed worse on a neurocognitive test battery 
including the Wechsler Adult Intelligence Test (WAIS) - Revised than patients without 
the risk haplotype. Likewise, healthy controls without the risk haplotype showed higher 
levels of general cognitive ability than those carrying the risk haplotype. Furthermore, 
a recent study by Donohoe et al33 reported that patients with schizophrenia carrying 
a DTNBP1 risk haplotype showed impaired spatial working memory performance in 
comparison to patients without the risk haplotype. In addition to cognition, DTNBP1 
has recently been associated with high levels of negative symptoms in patients with 
schizophrenia34, 35; these findings are relevant in this context since negative symptoms 
and cognitive dysfunction are highly correlated36.
Given the evidence supporting DTNBP1 not only as a susceptibility gene for schizophrenia 
but also as a gene contributing to intellectual functioning, we hypothesized that variants 
in the DTNBP1 gene may contribute to the risk for schizophrenia by affecting cognitive 
abilities. To date, association between genetic variation in the DTNBP1 gene and intellectual 
functioning in unaffected relatives of patients with schizophrenia-spectrum disorders has 
not yet been studied. Therefore, we investigated association between SNPs in the DTNBP1 
gene and IQ in patients with a first episode of schizophrenia or related psychotic disorder 
(first-episode psychosis, FEP), their unaffected siblings, and healthy controls. 

Material and methods
Subjects and assessment  All patients were admitted to the Adolescent Clinic of 
the Academic Medical Center of the University of Amsterdam and attended a special 
program for adolescents with FEP. After complete description of the study to the subjects, 
written informed consent was obtained. The study was approved by the human subjects 
review board of our institution. Exclusion criteria were organic brain disease, endocrine 
disorder, or learning disability. Diagnosis was established according to DSM-IV37 
criteria and was based on the Mini International Neuropsychiatric Interview (MINI)38. 
At time of testing patients were clinically stable for at least four weeks (i.e. no changes in 
antipsychotic medication in the four weeks before testing). Additionally, healthy siblings 
were recruited, and unrelated healthy controls from the general population matched for 
age, educational level, and ethnicity. Both groups were screened for psychopathology 
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using the MINI and were excluded when they had an Axis I disorder, organic brain 
disease, or learning disability. All subjects were administered the Wechsler Adult 
Intelligence Test – third version (WAIS III). Blood was collected from all subjects for 
DNA isolation. Where available, parents (of patients) were asked to provide blood for 
DNA isolation. 

DNA extraction and genetic analysis  Genomic DNA was extracted using a filter-
based method (QIAamp DNA Mini Kit, Qiagen Ltd, United Kingdom). Genotyping was 
performed using single base primer extension and analyzed by matrix-assisted laser-
desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS) on a Bruker 
III Daltonics Mass Spectrometer as described previously39 (details available upon 
request). All DNA samples were genotyped in duplicate to ensure reliability.

Choice of markers  We selected markers which showed association with schizophrenia 
in previous studies. We chose 6 markers (Table 1) from the original report by Straub15 
(rs2619539, rs3213207, rs1011313, rs 2619528, rs760761, and rs2619522) and 1 additional 
SNP first reported by Williams24 (rs2619538). 

Demographics statistics  Differences in age and educational level between patients, 
siblings and controls were analyzed using analysis of variance (ANOVA), between-
group differences in gender were analyzed using χ2 tests. Differences in verbal IQ (VIQ), 
performance IQ (PIQ), and full scale IQ (FSIQ) scores between patients, siblings and 
controls were analyzed using ANOVA adjusting for age, gender, and educational level. The 
generalized estimating equations (GEE) method40 was used to correct for correlations 
due to family relations. We used SAS version 9 (SAS Institute Inc., Cary NC, USA); level of 
statistical significance was defined as p<0.05. 

Table 1 SNP information

Inter marker 
distance

Nucleotide 
change

Minor allele 
frequency

SNP description 
Ensembl release 42

Chr 6. position March 
2006 UCSC freeze

rs2619539 0 G/C 0.47 Intron 5 15728834
rs3213207 7247 A/G 0.13 Intron 4 15736081
rs1011313 5330 G/A 0.06 Intron 4 15741411
rs2619528 16397 G/A 0.30 Intron 3 15757808
rs760761 1303 C/T 0.28 Intron 3 15759111
rs2619522 2517 T/G 0.30 Intron 1 15761628
rs2619538 11560 A/T 0.49 5’ flanking region 15773188
In the 3nd column (“nucleotide change”) the common allele is presented first. Minor allele frequency in 
patients is given in the 3rd column.
SNP:  Single Nucleotide Polymorphism. 
UCSC: University of California Santa Cruz, Genome Bioinformatics, http://genome.ucsc.edu/ 
Ensembl: http://www.ensembl.org/
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Association analysis with single SNPs and multiple SNP combinations in cases, 
siblings, and unrelated controls  Differences in allele frequencies between patients, 
siblings, and controls were assessed using χ2 tests. We assessed the effect of single SNPs 
in the DTNBP1 gene on VIQ, PIQ, and FSIQ scores in patients with FEP, healthy siblings, 
and unrelated controls using ANOVA adjusting for age, gender, ethnicity, and educational 
level. The GEE method was used to correct for possible correlations between patients and 
siblings due to family relations. We added the rare homozygotes to the heterozygotes, 
thus analyzing 2 genotype groups instead of 3. Additionally, association between VIQ, 
PIQ, and FSIQ, and multiple SNP combinations was analyzed using backward stepwise 
regression analysis as described previously, with all 7 polymorphisms in the initial model 
together with the (fixed) covariates age, gender, ethnicity, and educational level. Level of 
statistical significance was defined as p<0.05. 

Quantitative pedigree disequilibrium test (QPDT)  In addition, we used a family-
based analysis including genotype data from patients, unaffected siblings, and parents, 
to test for association between PIQ, VIQ, and FSIQ scores and DTNBP1 polymorphisms. 
In total, 52 pedigrees were included in this analysis. All 52 pedigrees included 1 proband, 
26 pedigrees included 1 or more unaffected siblings; in 26 pedigrees no unaffected 
sibling was available. From 33/52 patients (63%) DNA from both parents was available; 
from 19/52 patients (37%) we had DNA from only one parent. Linkage disequilibrium 
(LD) between SNPs was calculated in Haploview version 3.32 (http://www.broad.mit.
edu/mpg/haploview/index.php) with standard transmission disequilibrium test (TDT) 
settings and expressed as D’ and r2 (see Table 2). We used the quantitative pedigree 
disequilibrium test (QPDT)41 implemented in UNPHASED42 (http://www.mrc-bsu.cam.
ac.uk/personal/frank/software/unphased). Rare marker combinations with frequencies 
below 0.05 were excluded from the analysis. Global p-values were obtained for single 
SNPs and for 2-, 3- and 4- marker combinations in a sliding window. 

Table 2 Pairwise LD in DTNBP1 polymorphisms 

rs2619539 rs3213207 rs1011313 rs2619528 rs760761 rs2619522 rs2619538

rs2619539 - 0.156 0.111 0.0 0.0 0.001 0.055
rs3213207 1.0 - 0.014 0.334 0.403 0.34 0.076
rs1011313 0.916 1.0 - 0.037 0.033 0.036 0.081
rs2619528 0.024 0.955 1.0 - 0.838 0.737 0.128
rs760761 0.015 1 1.0 0.96 - 0.854 0.166
rs2619522 0.04 0.955 1.0 0.867 0.96 - 0.182
rs2619538 0.242 0.823 0.825 0.648 0.772 0.778 -

D’ values and r2 values for all combinations of the 7 SNPs included in this study are calculated in Haploview 
version 3.32 (http://www.broad.mit.edu/mpg/haploview/index.php) with standard TDT settings. 
Above diagonal r2-values are shown, below diagonal D’- values are shown.
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Results
Demographic data  We included 76 patients with FEP, 31 healthy siblings, and 31 
unrelated control subjects (see Table 3). Ethnicity counts are shown in Table 4. The 
patients met DSM-IV criteria for schizophrenia (N=57; 75%), schizoaffective disorder 
(N=13; 17%), brief psychotic disorder (N=3; 4%), and psychotic disorder not otherwise 
specified (N=3; 4%). Mean duration of psychosis was 20 months (SD=15.06). Patients were 
receiving antipsychotic medication (80.2%), mostly atypical antipsychotics. Mean dose 
of antipsychotic medication in chlorpromazine equivalents was 291.06 (SD=266.70). Six 
out of 76 patients (8%) were also diagnosed with mild to moderate depressive disorder 
and used an SSRI. None of the healthy siblings and none of the unrelated controls used 
any psychotropic medication. Means and numbers for age, educational level, gender, 
VIQ, PIQ, and FSIQ for cases, siblings and controls are presented in Table 3. All data were 
normally distributed. There was no difference between patients receiving typical and 
atypical neuroleptic treatment on IQ scores. We found no significant correlation between 

Table 3 Subject characteristics

Patients
N=76

Siblings
N=31

Controls
N=31

Statistic p-value

Age (SD) 21.5 (2.9) 22.8 (3.8) 21.5 (3.1) F=2.27 p=0.11
Gender (M/F) 66/10 13/18 23/8 χ2=23.03 p<0.001
Educational level (SD) 4.45 (0.91) 4.76 (1.15) 4.83 (1.09) F=1.94 p=0.15
VIQ (SD) 89.2 (14.3) 95.7 (11.1) 105.6 (16.9) F=14.68 p<0.001*
PIQ (SD) 85.7 (13.0) 98.6 (11.4) 106.4 (14.4) F=31.35 p<0.001*
FSIQ (SD) 86.7 (13.8) 96.7 (11.6) 107.0 (15.5) F=25.12 p<0.001*

Subject characteristics (age, gender, and educational level) and verbal, performance, and full scale IQ scores 
(VIQ, PIQ, and FSIQ). Between-group differences in age, educational level, and between VIQ, PIQ, and FSIQ 
are calculated using ANOVA. Between-group differences in gender are calculated using a χ2 test. The p-values 
marked with * result from an overall ANOVA; all pairwise comparisons are significant.

chlorpromazine equivalents and FSIQ (Pearson’s Rho=-0.13; p=0.3). Also, educational 
level did not differ significantly between patients, siblings and controls (p=0.11). The 
number of males and females differed significantly between groups (p<0.01). Mean VIQ, 
PIQ, and FSIQ scores differed significantly (p<0.001) between patients, siblings, and 
controls (Figure 1). IQ scores in patients (mean VIQ=89.2 ±14.3, mean PIQ=85.7 ±13.0, 
mean FSIQ=86.7 ±13.8) were significantly lower than IQ scores in siblings (mean VIQ=95.7 
±11.1, mean PIQ=98.6 ±11.4, mean FSIQ=96.7 ±11.6) and controls (mean VIQ=105.6 ±16.9, 
mean PIQ=106.4 ±14.4, mean FSIQ=107.0 ±15.5). Post-hoc analyses showed that siblings 
had significantly lower IQ scores than controls (p=0.005) and significantly higher IQ 
scores than patients (p=0.001) (Figure 1). 
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Association analysis with single SNPs and marker combinations in cases, 
siblings, and unrelated controls  None of the SNPs deviated from Hardy-Weinberg 
equilibrium. Allele frequencies did not differ between probands, siblings and healthy 
controls (data not shown). After adjusting for age, gender, ethnicity, educational level, 
and family membership, 3 of the 7 SNPs examined (rs760761, rs2619522, and rs2619538) 
showed significant association with FSIQ scores in patients, siblings and controls 
(rs760761: p=0.026; rs2619522: p=0.025; rs2619538: p=0.038; Table 5). Two SNPs showed 
association with VIQ, a third showed marginal significance (rs760761: p=0.049; rs2619522: 
p=0.052; rs2619538:  p=0.029). Furthermore, rs760761 and rs2619522 showed significant 
association with PIQ (p-values 0.038 and 0.023 respectively). Using non-parametric 
techniques (rank-transformation) similar p-values were obtained (data not shown). 
When we analyzed association between IQ scores and 2-, 3-, or 4-marker combinations, 
none of the marker combinations showed significant association with VIQ, PIQ, or 
FSIQ scores (data not shown). The multiple SNP models showed that a model including 
only rs760761 fitted the data equally well compared to a model including all 7 SNPs, 
suggesting that the observed differences may be caused by a single mutation. 

QPDT results  We found significant association between FSIQ scores and 4 single SNPs 
in the DTNBP1 gene using the QPDT (rs 2619528: p=0.044; rs 760761: p=0.022; rs 2619522: 
p=0.022; rs 2619538: p=0.026). None of the 2-, 3-, or 4-marker combinations showed 

Figure 1 Mean FSIQ in patients, siblings 
and controls
Distribution of FSIQ by genotype within 
each subject group for the most consistently 
associated SNP (rs760761) is shown. In the 
whole group, FSIQ scores in patients with FEP 
(mean=86.7, SEM=1.58) were significantly 
lower than IQ scores in siblings (mean=96.7, 
SEM=2.08) and controls (mean=107.0, 
SEM=2.79) (ANOVA adjusting for age, 
gender, and educational level, p<0.001). 
Post-hoc analyses showed that siblings had 
significantly higher IQ scores than patients 
(* p=0.001) and significantly lower IQ scores 
than controls (** p=0.005). 
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significant association with FSIQ scores. Three single SNPs showed significant association 
with VIQ (rs760761: p=0.027; rs2619522: p=0.027; rs2619538: p=0.030). The 4 SNPs associated 
with FSIQ were also associated with PIQ (rs2619528: p=0.033; rs760761: p=0.023; rs2619522: 
p=0.024; rs2619538: p=0.023). Using UNPHASED, we found LD between the 4 SNPs 
associated with FSIQ to be high (D’ ranging from 0.7-1.0), therefore we think the SNPs are 
part of an LD block and do not contribute to variance in FSIQ individually. 

Discussion
In our study population we found significant association between single SNPs in the 
DTNBP1 gene and IQ measurements in patients with FEP, their unaffected siblings, and 
controls matched for age, educational level, and ethnicity. Rs760761 showed the strongest 
and most consistent association with IQ values in patients, unaffected siblings, and 
unrelated controls. Whether this association is caused by rs760761 itself or by a functional 
mutation in LD with this polymorphism, cannot be concluded from our data. 

Table 5 Mean IQ values and associations by SNP and genotype

Mean FSIQ (SD) 

Non-carriers Carriers Z-statistic Adjusted p-value
  rs 2619539 91.02 (16.02) 94.52 (15.92)  1.02 0.308
  rs 3213207 94.16 (15.96) 91.30 (16.06) -1.60 0.109
  rs 1011313 93.50 (16.37) 93.29 (13.23)  1.29 0.198
  rs 2619528 96.36 (15.21) 89.95 (16.30) -1.65 0.098
  rs 760761 96.79 (15.18) 88.77 (16.02) -2.23 0.026
  rs 2619522 96.74 (15.29) 89.23 (15.97) -2.25 0.025
  rs 2619538 88.52 (16.57) 95.04 (15.54)  2.08 0.038
Observed mean FSIQ values of the total population (patients, siblings and controls) with standard deviation 
(SD) are given in ‘carriers’ versus the ‘non-carriers’ in which ‘carriers’ represent the carriers of the low-
frequency allele. P-values are given for the comparison of FSIQ values between genotype groups (carriers 
and non-carriers) using ANOVA with GEE adjusting for age, gender, ethnicity, family membership, and 
educational level. 

Table 4 Overview of subjects’ countries of origin

Subject

Country of origin Patients Siblings Controls

Netherlands (white Caucasian) 48 25 22
Turkey 3 1 0
Morocco 4 0 4
Surinam or Dutch Antilles 17 3 5
Missing 4 2 0
Country of origin did not differ significantly between subject groups (Fisher’s Exact=9.44, p=0.24).
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Previous work on DTNBP1 and cognition  Our data are partly consistent with 
a recent report of association between genetic variation in DTNBP1 and measures of 
prefrontal brain function in healthy adults43. In this study the polymorphisms rs2619528 
and rs760761 showed strong association with prefrontal electrophysiology as measured 
by event-related potentials (ERPs) both individually and as part of a haplotype. In 
particular the GG variant of rs2619528 and the CC variant of rs760761 were associated 
with impaired prefrontal brain electrophysiology. In our study population, the rs760761 
CC genotype was associated with better intellectual functioning. A possible explanation 
for this discrepancy is that genetic variation in DTNBP1 may differentially affect 
electrophysiology and IQ measures. Alternatively, effects of rs760761 on prefrontal 
brain electrophysiology in healthy controls may differ from those in patients with 
schizophrenia; therefore future studies should investigate whether association between 
DTNBP1 and electrophysiological measures also exists in schizophrenia patients. 
Support for a role of DTNBP1 in cognition and in schizophrenia came first from Burdick32 
who recently reported association between a DTNBP1 haplotype and general cognitive 
ability, and from Donohoe et al33 who reported association between a DTNBP1 haplotype 
and spatial working memory in patients with schizophrenia. Our data are consistent 
with these studies although we used a different approach. The risk haplotype used by 
Donohoe et al33 was previously identified in same cohort by Williams et al24; similarly, 
the risk haplotype used by Burdick et al32, 44 and by DeRosse et al35 was previously 
identified in same sample by Funke et al21. We however tested SNPs in a hypothesis-free 
fashion. Also, the SNPs we typed did not include the tagging SNP (rs1018381) from the 
risk haplotype used in the sample of Funke et al21. And although we did type the three 
SNPs that formed the risk haplotype in the Donohoe et al33 study, our study focused 
on general cognitive ability similar to Burdick et al32, whereas Donohoe33 investigated 
a specific cognitive process, namely spatial working memory. Therefore, results may 
be partly discrepant from previous studies due to differences in approach, cognitive 
measures, and genotyped SNPs. 

Biological mechanism  Our data add to the growing evidence that genetic variation in 
the DTNBP1 gene modifies schizophrenia susceptibility by influencing general cognitive 
abilities. Not only is the 6p22-24 locus implicated in cognition and neurocognitive deficit 
in schizophrenia by recent genome scans26, 27 and has DTNBP1 been associated with 
more severe negative symptoms which are highly correlated to cognitive dysfunction34, 45, 
but also recent neuropathological studies have revealed reduced expression of DTNBP1 
in the prefrontal cortex28 and in the hippocampus29 in postmortem brain tissue of 
schizophrenia patients. Both structures are involved in cognitive functions, the prefrontal 
cortex merely in working memory and executive function, the hippocampus mainly in 
memory formation. Also, risk haplotypes in the DTNBP1 gene have been associated with 
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reduced expression of DTNBP1 mRNA in brain tissue of healthy subjects and patients 
with schizophrenia, whereas ‘protective’ haplotypes were associated with high DTNBP1 
expression46. Changes in DTNBP1 expression are probably not caused by antipsychotic 
drug treatment47 but instead may reflect an increased genetic vulnerability for 
schizophrenia. Thus, genetic variation in the DTNBP1 gene may modulate schizophrenia 
susceptibility by altering DTNBP1 expression in areas of the brain crucial for cognitive 
functions. This may occur already in an early stage, since genetic variation in DTNBP1 
has been associated with poor premorbid function in children developing childhood-
onset schizophrenia48, suggesting that DTNBP1 contributes to early neurodevelopmental 
impairment. A possible mechanism by which dysbindin contributes to schizophrenia 
susceptibility, may be by modulating neurotransmitter systems in regions of the brain 
that are crucial for cognitive functioning and that are probably disturbed in schizophrenia: 
the glutamatergic system in the hippocampal formation and the dopaminergic system in 
the prefrontal cortex. 
Recently, Talbot29 investigated expression and localization of DTNBP1 in postmortem 
brain tissue of schizophrenia patients and reported evidence for a relationship 
between DTNBP1 and hippocampal glutamate neurotransmission: DTNBP1 
expression was reduced in terminal fields of intrinsic glutamatergic connections and 
these reductions were related to glutamatergic alterations in intrinsic hippocampal 
formation connections29. Glutamatergic neurotransmission in the hippocampus is 
important for memory formation49, therefore reductions in DTNBP1 in the hippo-
campus of schizophrenia patients as observed by Talbot29 may disturb normal 
information processing and diminish synaptic plasticity in the hippocampus. The 
hippocampus has been implicated in schizophrenia pathogenesis previously, both by 
structural neuroimaging studies reporting reductions of hippocampal size, and by 
neuropathological studies reporting abnormal clustering of neurons50, 51. 
Another possible mechanism by which DTNBP1 could modulate schizophrenia 
susceptibility, is by modulating prefrontal cortex (PFC) function. Reduced DTNBP1 
expression has been reported in the dorsolateral PFC (DLPFC) in postmortem brain 
tissue of patients with schizophrenia28. Disturbed development of the DLPFC probably 
underlies cognitive dysfunction in schizophrenia and may contribute to schizophrenia 
pathogenesis52. Recently Kumamoto et al30 reported that DTNBP1 also may be involved 
in the dopaminergic system, and may be capable of activating the midbrain dopaminergic 
system via indirect pathways30. Dopaminergic systems in the PFC and midbrain form a 
feedback mechanism and are modulated by genetic variation in dopamine clearance 
pathways; tuning of these systems is of critical importance for optimal cognitive 
functioning53-56. Thus, genetic variation in DTNBP1 may impact on dopaminergic and 
glutamatergic systems in the PFC and hippocampus, thereby disturbing memory and 
cognition and increasing schizophrenia susceptibility.
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Strengths and limitations  Strength of our study is the relatively young age of the 
patients (mean age was 21 years in our sample versus approximately 40 years in the 
sample of Burdick et al32), therefore potential confounders, e.g. disease duration or 
chronic antipsychotic treatment, are unlikely to influence IQ measurements. Limitations 
of our study are small sample size and the use of an ethnically mixed sample. To reduce 
the risk for population stratification, we (1) adjusted for ethnicity in the case-control 
analyses; (2) used unaffected siblings as controls; (3) matched the unrelated controls for 
ethnicity; and (4) used additional family-based analyses which confirmed results of the 
case-control analyses. Therefore, we think it is unlikely our results are due to admixture. 
Multiple testing effects could also allow the occurrence of type I errors. Because we 
expect the contribution of individual genes to the risk of complex genetic disorders 
to be small, and because the tests we performed are not completely independent (LD 
between SNPs is high and VIQ, PIQ, and FSIQ are highly correlated) we consider the 
Bonferroni method too strict to correct for type I error. However, we acknowledge that 
our results would not survive other – less stringent – methods to correct for multiple 
testing. Therefore our findings are preliminary and need to be replicated in a large and 
genetically homogeneous sample. Also, most of our included patients are male; therefore 
results may not generalize to female patients. Finally, although we found no correlation 
between chlorpromazine equivalents and FSIQ, the use of antipsychotic medication is a 
potential confounding factor in our study since all patients used antipsychotics whereas 
neither the siblings nor the unrelated controls used any psychotropic medication. 

Future directions  Future research will need to further investigate the complex genetic 
background of cognitive phenotypes in schizophrenia, including involvement of multiple 
susceptibility genes and gene-environmental interactions. Additionally, the use of combined 
techniques for measuring cognitive phenotypes, e.g. acquiring functional brain images 
during neuropsychological testing, may improve reliability and resolution of cognitive 
phenotypes in schizophrenia, thereby increasing power for molecular genetic studies. 

Conclusions  In this study, we report association between genetic variation in the 
DTNBP1 gene and IQ measures in patients with first-episode psychosis, unaffected 
siblings, and unrelated control subjects. There is growing evidence that genetic 
variation modulates cognition in schizophrenia; not only has genetic variation in 
DTNBP1 previously been associated with spatial working memory function and general 
intellectual function32, 33, but also variations in the DISC 1 gene have been related to 
structure and function of the hippocampus57, and a functional variant in the NRG1 gene 
has been associated with impaired prefrontal function and decreased IQ58. Although 
preliminary, our results add to the growing body of research that genetic variation in 
DTNBP1 alters schizophrenia liability, possibly by affecting cognition. 
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Summary
Schizophrenia is a severe mental disorder with a life long course in a vast majority of 
patients. Symptoms can be categorized in four dimensions: positive symptoms (including 
delusions, hallucinations, disorganized behavior, and disorders of thought and speech), 
negative symptoms (including flattening of affect, loss of motivation and drive, and 
social withdrawal), cognitive symptoms, and affective symptoms. The etiology of 
schizophrenia remains unclear however to date the evidence for a neurobiological basis 
is accumulating. The results of family, twin and adoption studies have shown that genetic 
risk of schizophrenia is increased in family members of affected individuals1-3. However 
inheritance does not follow a simple Mendelian pattern. Schizophrenia is a complex 
genetic disease, i.e. multiple disease genes each with a small effect add up to establish 
overall genetic vulnerability. Molecular genetic research has yielded several chromosomal 
regions and candidate genes associated with increased risk of in schizophrenia. In this 
thesis several studies are described aimed at elucidating the genetic variation underlying 
schizophrenia risk.

In Chapter 1 the outline of this thesis is presented and current methods and results 
of molecular genetic research in schizophrenia are described. Chapter 2 reviews the 
present knowledge on brain function and brain structure in people with 22q11 Deletion 
Syndrome (22q11DS), also called velocardiofacial syndrome (VCFS). 22q11DS is caused 
by a microdeletion of chromosome 22q11 and is associated with cognitive, behavioral 
and psychiatric problems and is known to affect brain structure. People with 22q11DS 
have a 25 times higher chance of developing schizophrenia in comparison to the 
normal population. Therefore the 22q11DS has been proposed as a disease model for 
a genetic subtype of schizophrenia. In this chapter we discuss the available literature 
on neurocognitive functioning and brain anatomy in patients with 22q11DS and how 
this contributes to our understanding of the neurobiology of schizophrenia. Research 
on cognitive functioning in 22q11DS patients suggests a specific cognitive profile 
with impairments on arithmetical, visuo-spatial and executive tasks and relatively 
preserved language skills. Prominent findings of neuroimaging studies in 22q11 DS 
patients are: reduction of overall brain volume, midline defects, structural alterations 
of cerebellum and frontal lobe, white matter abnormalities and decreased gray matter 
volumes in parietal and temporal areas. We describe how brain abnormalities in 
patients with 22q11DS may contribute to the understanding of the clinical syndrome 
including cognitive impairments, psychotic symptoms and social and communication 
problems. In Chapter 3 the current research on effects of a functional polymorphism 
in the catechol-O-methyltransferase (COMT) gene on various neuropsychiatric 
disorders including schizophrenia is reviewed. Biochemical and pharmacological 
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studies indicate that schizophrenia is associated with disturbances of dopaminergic 
neurotransmission. COMT is an enzyme that is critical in the metabolic degradation 
of dopamine, particularly in the prefrontal cortex (PFC). The COMT gene contains 
a functional (Val158Met) polymorphism resulting in decreased enzymatic activity, 
and thereby in increased dopamine levels in the PFC. Disturbances of dopaminergic 
neurotransmission, for example by variations in COMT activity, may lead to increased 
susceptibility for psychiatric diseases in which dopamine is assumed to play a key 
role. Therefore, COMT may play a role in schizophrenia susceptibility by modulating 
dopaminergic neurotransmission. This hypothesis is supported by data suggesting 
that the COMT polymorphism may influence prefrontal cognition, aggressive behavior, 
and the risk of developing schizophrenia in humans. The COMT gene is located on 
chromosome 22q11. Deletions of this region are associated with VCFS and with a 25 
times higher chance of developing schizophrenia  (see chapter 2). As a result COMT has 
been a focus of interest in schizophrenia research. The COMT Val158Met polymorphism 
has previously been associated with several neuropsychiatric (endo)phenotypes, such as 
cognitive performance and anxiety. In Chapter 3 the available literature is reviewed, the 
neurobiology of COMT and the impact of the functional polymorphism in people with 
or at risk for schizophrenia is discussed, and directions for future research investigating 
COMT as a candidate gene for schizophrenia are discussed. 
Chapter 4 describes the effects of the functional COMT Val158Met polymorphism on 
brain anatomy and cognition in adults with 22q11DS. The COMT Val158Met polymorphism 
was genotyped in a sample of 26 adult 22q11DS patients. We explored its effects on 
regional brain volumes using hand tracing approaches, on regional gray and white 
matter density using computerized voxel-based analyses, and measures of attention, IQ, 
memory, executive and visuospatial function using a comprehensive neuropsychological 
test battery. After corrections for multiple comparisons Val-hemizygous subjects, 
compared to Met hemizygotes, had a significantly larger volume of frontal lobes. Also, 
Val hemizygotes had significantly increased gray matter density in cerebellum, brain 
stem, and parahippocampal gyrus and decreased white matter density in cerebellum. 
No significant effects of COMT genotype on neurocognitive performance were found. 
These data suggest that effects of COMT genotype on brain anatomy in 22q11DS are 
not limited to frontal regions but also involve other structures previously implicated in 
22q11DS. Therefore, variation in COMT activity may be implicated in brain development 
in 22q11DS.
Chapter 5 describes the results of a study investigating the effect of the COMT 
Val158Met polymorphism on obsessive-compulsive symptoms (OCS) in young patients 
with schizophrenia. Severity of OCS in 77 male patients with recent-onset schizophrenia 
was assessed using the Yale-Brown Obsessive Compulsive Scale (Y-BOCS) and the 
COMT Val158Met polymorphism was genotyped for these patients. Y-BOCS scores were 
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significantly higher in patients with Val/Val genotype when compared to those with 
Val/Met and Met/Met genotype; patients with Val/Met genotype had intermediate 
Y-BOCS scores. Thus, in our sample of young patients with schizophrenia the COMT 
high-activity Val allele is associated with more OCS. 
In Chapter 6 results of a study with a combined genetics and neuroimaging approach 
are described. The COMT low-activity Met allele has been associated with better 
performance on cognitive tasks relying on the prefrontal cortex but whether COMT also 
affects brain structure, is still unclear. This study investigates the relationship between 
the COMT Val158Met polymorphism and brain anatomy in healthy young adults. In a 
cross-sectional study, structural MRI data and DNA for COMT genotyping were obtained 
from 154 healthy young adults. Statistical Parametric Mapping software (SPM2) and 
optimized voxel-based morphometry were used to determine total and regional gray 
and white matter density differences between genotype groups, and age-related gray 
and white matter density differences within the genotype groups. We found a significant 
effect of COMT genotype on age-related differences in gray and white matter density in 
females but not in males. In female Val carriers increased gray matter in the temporal 
and parietal lobe and the cerebellum and increased white matter in the frontal lobes 
were positively correlated with age; in female Met homozygotes decreased gray matter 
density in the parietal lobe and decreased white matter density in the frontal lobes, the 
parahippocampal gyrus and the corpus callosum were positively correlated with age. 
Thus the COMT Val158Met polymorphism may affect age-related differences in gray and 
white matter density in females. 
In Chapter 7 genetic and imaging data are combined to explore effects of genetic 
variation in genes on chromosome 22q11 on gray and whiter matter density in patients 
with schizophrenia. Haploinsufficiency of 22q11 genes including COMT and proline 
dehydrogenase (PRODH) may result in structural and functional brain abnormalities 
and increased vulnerability to schizophrenia as observed in patients with microdeletions 
of 22q11. We examined association of polymorphisms in COMT and PRODH with brain 
anatomy in young patients with schizophrenia. We acquired structural magnetic 
resonance imaging data from 51 male patients with recent-onset schizophrenia and 
genotyped two single nucleotide polymorphisms (SNPs) in the COMT gene and three in 
the PRODH gene. SPM2 software and optimized voxel based morphometry were used to 
determine regional gray matter (GM) and white matter (WM) density differences, and 
total GM and WM volume differences between genotype groups. Two functional SNPs 
in the PRODH gene were associated with bilateral frontal WM density reductions and a 
SNP in the P2 promoter region of COMT (rs2097603) was associated with GM increase 
in the right superior temporal gyrus. Furthermore, we found evidence for interaction 
between COMT and PRODH: in patients with a COMT Val allele (rs4680) and with one 
or two mutated PRODH alleles we observed increased WM density in the left inferior 
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frontal lobe. These results suggest that genetic variation in COMT and PRODH has 
significant effects on brain regions known to be affected in schizophrenia. 
Chapter 8 investigates the effect of another candidate gene for schizophrenia: the 
dystrobrevin-binding protein 1 (DTNBP1) gene. There is growing evidence that DTNPB1 
contributes to schizophrenia and to intelligence and cognition. In this study, we 
investigated association between SNPs in the DTNBP1 gene and intellectual functioning 
in patients with a first episode of schizophrenia or related psychotic disorder, their 
healthy siblings, and unrelated controls. From all subjects IQ measurements were 
obtained (verbal IQ [VIQ], performance IQ [PIQ], and full scale IQ [FSIQ]). Seven SNPs 
in the DTNBP1 gene were genotyped using single base primer extension and analyzed 
by matrix-assisted laser deionization mass spectrometry (MALDI-TOF). Mean VIQ, PIQ, 
and FSIQ scores differed significantly (p<0.001) between patients, siblings, and controls. 
Using a family-based and a case-control design, several single SNPs were significantly 
associated with IQ scores in patients, siblings, and controls. Although preliminary, our 
results provide evidence for association between the DTNBP1 gene and intelligence 
in patients with a first psychotic episode and their unaffected siblings. Thus genetic 
variation in the DTNBP1 gene may increase schizophrenia susceptibility by affecting 
intellectual functioning. 

Discussion
The overall aim of the studies described in this thesis was to increase our knowledge on 
the genetic variation underlying schizophrenia risk by examining association between 
genetic variation in candidate genes for schizophrenia and various (endo)phenotypes 
including clinical symptoms, brain structure, and brain function. 

COMT & obsessive-compulsive symptoms  We investigated association between 
COMT and OCS symptoms (OCS) and found that the Val allele was associated with more 
severe OCS. Since publication of our data, a large meta-analysis has been published, 
investigating association between the COMT Val158Met polymorphism and the risk 
of obsessive-compulsive disorder (OCD) in non-schizophrenic subjects4. This meta-
analysis, including over 1900 subjects, reported significant evidence for an association 
between the Met allele and OCD in men. There are several possible explanations for the 
discrepancy between outcome of this meta-analysis and results of our study. First, most 
studies looking at COMT and OCD investigated the risk of OCD in the presence of a 
specific COMT genotype, whereas we took a dimensional approach using Y-BOCS scores 
as a quantitative phenotype. Also, it is important to emphasize that we have investigated 
effects of COMT genotype on OCS in patients with schizophrenia making it difficult 
to compare our results with those from studies investigating association between 
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COMT genotype and OCD without schizophrenia. It is possible that discrepant results 
may be caused by differential effects of COMT dependent on the genetic background. 
There is substantial evidence that effects of COMT are diverse in various patient groups: 
e.g. COMT has different effects on cognition in schizophrenia patients than in ADHD 
patients5, 6. Similarly, the Met allele may increase risk of OCD in the general population, 
whereas it may protect against OCS in patient with schizophrenia. However, replication 
of our finding is essential. Future studies should further investigate the role of COMT in 
susceptibility for OCS in patients with schizophrenia. 

Gender-dependent effects  There is substantial evidence for gender-specific actions 
of COMT. For this reason, two of the studies described in this thesis investigated only 
male patients with schizophrenia (chapter 5 and 7) to avoid confounding by gender 
effects, and another study specifically investigated gender-dependent effects of COMT 
(chapter 6). Gender-specific effects of COMT have been reported in animal models. 
In COMT knockout mice dopamine levels in the frontal cortex were affected only in 
males; also male knockout mice showed increased aggressive behavior, whereas females 
showed decreased emotional reactivity7. Previous studies reported gender-specific 
effects of COMT genotype on the risk for OCD in the general population4, 8-10. Also, 
gender-specific effects of COMT have been associated with structural brain changes 
in children with VCFS11, with executive function and verbal IQ in children12, and with 
sensation seeking personality traits in healthy adults13. Gender-dependent effects may 
result from down-regulation of COMT expression by estrogens14. In humans, COMT 
activity is lower in female subjects than in male subjects in blood15 and in dorsolateral 
PFC (DLPFC) tissue16. In the study of Chen et al16 females had significantly lower COMT 
activity in DLPFC samples not only in the whole group but also in each of the Val/Met 
genotype groups. Gender-specific effects of candidate genes are of particular interest 
since the phenotype of several neuropsychiatric disorders including schizophrenia is 
differentially expressed in males and females. E.g. in schizophrenia the age of onset is 
much younger in males than females, and females may have a less detrimental disease 
course, possibly due to protective effects of estrogens on the brain17. Differential gene 
expression in males and females, possibly interacting with hormones, may underlie 
gender differences in the schizophrenia phenotype.

Imaging genetics  Two of the studies described in this thesis use an approach in which 
genetic and structural neuroimaging data are combined (chapter 6 and 7). This approach, 
referred to as ‘imaging genetics’ is a rapidly developing field in schizophrenia research. 
Structural MRI data are increasingly used as endophenotype in association studies; 
both cross-sectional designs and longitudinal designs are used to investigate the genetic 
architecture of brain anatomy. For example, the COMT Val158Met polymorphism has 
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been associated with brain anatomy in schizophrenia patients and in healthy controls 
by several studies18-20 and with longitudinal brain changes in children with VCFS21. 
Also, variations in the RGS4 gene (regulator of G-protein signaling 4; a candidate gene 
for schizophrenia located on chromosome 1q23.3) have been associated with structural 
alterations in the DLPFC of schizophrenia patients22, and a schizophrenia susceptibility 
locus on chromosome 8p21-22 implicated by several family linkage studies and 
containing the pericentriolar material 1 (PCM1) gene, has recently been associated 
with orbitofrontal gray matter volumetric deficits23. The latter study combined genetic 
and voxel-based morphometry (VBM) data and demonstrated distinct differences 
in regional gray matter abnormalities in patients with chromosome 8p22 PCM1–
associated schizophrenia compared with non-chromosome 8 PCMI–associated cases: 
cases who had inherited a PCM1 susceptibility variant showed significant orbitofrontal 
cortex gray matter reductions in comparison with patients with non-PCM1-associated 
schizophrenia, who, by contrast, showed gray matter volume reduction in the temporal 
pole, hippocampus, and inferior temporal cortex23. This study is an excellent example 
of an approach in which complex genetic data and structural MRI data are successfully 
combined. Whereas in the recent past studies focused on associating single mutations 
(e.g. the COMT Val158Met polymorphism) with brain anatomy, current studies investigate 
multiple gene effects and haplotype effects24-26. Furthermore, an increasing number 
of studies investigates association between genetic variation and brain activation, 
measured by e.g. blood oxygen level-dependent (BOLD) signals derived with fMRI5 
or by regional cerebral blood flow using positron emission tomography (PET). In this 
way genetic influence on brain activation in response to specific cognitive tasks can be 
investigated, but also genetic modulation of the emotional system27, 28. 

Schizophrenia candidate genes are modifier genes, not susceptibility genes  
There is increasing evidence that familial factors may influence not only general liability 
to schizophrenia, but also the specific clinical character of the disease. Therefore, a 
‘schizophrenia gene’ may exert its major effect through phenotype modification rather 
than phenotype susceptibility29. In fact, all studies described in this thesis are based 
on the hypothesis that current candidate genes for schizophrenia are modifier genes 
instead of ‘pure’ risk genes. The evidence for this hypothesis is accumulating: several 
genes identified by positional cloning as ‘risk genes’ for schizophrenia, have recently 
also been associated with clinical features: in patients with schizophrenia, single SNPs 
and risk haplotypes in DTNBP1 have been associated with more negative and cognitive 
symptoms (see chapter 8)30, 31, genetic variation in RGS4 has been associated with 
structural alterations in the DLPFC22, and a SNP in Neuregulin 1 has been associated 
with psychotic symptoms and abnormal cortical function32. Rather than the traditional 
case-control design, a dimensional approach could facilitate the validation of ‘risk alleles’ 
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as ‘susceptibility factors’ and the identification of thus far undiscovered susceptibility 
genes. 

Strengths and limitations 
In chapters 5, 7, and 8 we investigated a group of relatively young patients with a first-
episode of schizophrenia or related disorders. This makes it unlikely that our results 
are confounded by disease duration or prolonged use of antipsychotic medication. The 
samples used in chapter 5 and 7 are homogeneous for ethnicity and gender. Sample 
size used in chapter 6 is relatively large. However, there are limitations that need to be 
considered when interpreting the findings described in this thesis. 
The major limitation in almost all studies described in this thesis is the relatively small 
sample size. In molecular genetics studies investigating psychiatric disorders, large 
sample sizes are important29, 33, 34. However, we investigated genetic association between 
endophenotypes for schizophrenia and examined detailed measures (e.g. IQ or MRI 
data) that are presumably “closer to the gene” than the traditional clinical phenotype. 
Thereby we increased the power for our genetic studies in comparison to studies using 
schizophrenia as a phenotype. 
We used genetically heterogeneous groups, thereby increasing the risk on population 
stratification and false-positive findings. Genetic heterogeneity is especially problematic 
in chapter 8. To reduce the risk for population stratification, we (1) adjusted for ethnicity 
in the case-control analyses; (2) used unaffected siblings as controls; (3) matched the 
unrelated controls for ethnicity; and (4) used additional family-based analyses which 
confirmed results of the case-control analyses. Therefore, we think it is unlikely our 
results are due to admixture. 
Genetic heterogeneity is also a problem in chapter 5 and 6, investigating effects of the 
COMT Val158Met polymorphism in samples of patients with schizophrenia and healthy 
control subjects, respectively. However, since the COMT Val158Met polymorphism is 
functional, i.e. leads to an amino acid substitution known to affect thermostability of 
the COMT protein16, it is likely that effects on enzymatic activity are similar across 
ethnic populations. Moreover, Chen et al16 established effects of the COMT Val158Met 
polymorphism on COMT protein stability using postmortem brain tissue from an 
ethnically mixed sample including white Caucasian and African American subjects: 66% 
of healthy controls and 52% of schizophrenia patients were African Americans. To our 
best knowledge, there is no evidence that ethnicity modulates functional effects of the 
COMT Val158Met polymorphism on COMT activity. However, the precise relationship 
between ethnicity and these functional effects has not yet been investigated; future 
research is needed to examine this.
In chapter 8, multiple testing effects could also allow the occurrence of type I errors. 
Because we expect the contribution of individual genes to the risk of complex 
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genetic disorders to be small, and because the tests we performed are not completely 
independent (linkage disequilibrium (LD) between SNPs is high and VIQ, PIQ, and FSIQ 
are highly correlated) we consider the Bonferroni method too strict to correct for type I 
error. However, we acknowledge that not all results would survive other - less stringent - 
methods to correct for multiple testing. Therefore our findings are preliminary and need 
to be replicated in large and genetically homogeneous samples. 
Since most of our included patients are male, results may not generalize to female 
patients. In addition, the fact that the majority of siblings is female implicates that they 
are still at risk for developing psychosis or schizophrenia, since in general the onset of 
schizophrenia in males is several years earlier than the onset in females17. Still, although a 
subset of the female siblings may develop schizophrenia in the future, we think it is valid 
to investigate association between genetic variation and endophenotypes: it is plausible 
that genetic variants influence endophenotypes, e.g. cognitive abilities, and thereby 
change the risk on schizophrenia susceptibility. The use of antipsychotic medication is a 
potential confounding factor in our studies since all patients used antipsychotics whereas 
neither the siblings nor the unrelated controls used any psychotropic medication. 

Complex genetic nature of schizophrenia  A general difficulty in the search for 
schizophrenia genes is the complex genetic nature and the contribution of both 
environmental and genetic factors to development of the disorder. Schizophrenia is 
most likely caused by a combination of underlying psychobiological vulnerability 
determined early in life by genetic and early environmental effects; once vulnerability 
is there, various biological and psychosocial factors determine the onset, course and 
outcome of the illness35. In this model, genes are only part of the overall risk factor 
complex and therefore it is difficult to find ‘risk genes’ per se. This problem is not specific 
to schizophrenia but applies to all psychiatric disorders, and to several other medical 
conditions with a complex genetic background including hypertension36 and type 2 
diabetes37. The search for ‘schizophrenia genes’ is further complicated by phenotypic 
complexity of the clinical syndrome with substantial variation in the presentation of 
schizophrenia. Phenotypic complexity may be reduced by the use of endophenotypes. 

Endophenotypes: solution for all problems?  The imprecision of psychiatric 
phenotyping may be one of the most important factors behind the relatively slow progress 
in the search for genes underlying neuropsychiatric disorders. By using endophenotypes, 
imprecision of psychiatric phenotyping and phenotypic complexity may be reduced. The 
use of endophenotypes has yielded promising results in schizophrenia research and is 
probably an essential approach since most genes underlying schizophrenia susceptibility 
are modifier genes rather than susceptibility genes. However, the use of endophenotypes 
in schizophrenia research is not without problems38. The assessments needed for 
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reliable endophenotype detection are extensive; therefore it is difficult to collect patient 
groups with sufficient sample size for molecular genetic research. In addition, a specific 
problem in schizophrenia research is that some of the patients may have paranoid ideas 
even when in remission; therefore certain tests may be too invasive (e.g. detection of eye 
movements), and patients may refuse to cooperate. Also, the complicated assessments 
needed for detecting endophenotypes often differ between research groups, thereby 
reducing inter-laboratory consistency. Finally, a recent meta-analysis investigated effects 
of the COMT Val158Met polymorphism on various endophenotypes and calculated that 
effect sizes and percentages of explained variance are as small for endophenotypes as for 
the classical psychiatric phenotypes39. Therefore, the genetic makeup of endophenotypes 
may be as complex as that of psychiatric disease and may not be easier to dissect 
genetically than the disorders to which they presumably are related. 

Association does not imply causality  Finally, association does not provide 
information on causality but merely a statistical relationship. Translational studies 
combining molecular genetics techniques with in vivo imaging techniques and animal 
studies are necessary to find biological pathways and causal factors underlying 
schizophrenia susceptibility.

Clinical implications
Diagnostic classification based on biology  One practical consequence of molecular 
genetics research may be the identification and validation of schizophrenia subtypes 
and a better definition of diagnostic categories within schizophrenia. Recent examples 
of schizophrenia subtypes that were validated or discovered by genetic studies are the 
deficit syndrome and the proposal of a ‘schizo-obsessive’ entity. 
Bakker et al40 reported evidence for genetic variation underlying a deficit syndrome 
subtype of schizophrenia: in their sample of patients with schizophrenia they found 
association between two single markers and a 3-marker haplotype in the NRG1 gene 
and non-deficit schizophrenia. The recent association of another SNP in NRG1 with 
psychotic symptoms and abnormal cortical function in patients with schizophrenia 
provides further genetic support for schizophrenia subtypes32. 
Recently, a family segregation study reported evidence for co-segregation of 
schizophrenia with obsessive-compulsive disorder41. The finding that the COMT gene 
may modulate severity of OCS in patients with schizophrenia (see chapter 5) provides 
further support for a genetic basis for this symptom dimension. 
Another recent example is the classical distinction between schizophrenia and bipolar 
disorder in clinical psychiatry. Evidence from family studies pointing to co-segregation 
of schizophrenia and bipolar disorder, together with results from a recent genome-
wide linkage scan for schizoaffective disorder reporting linkage to regions previously 
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implicated in schizophrenia and bipolar disorder42, support a shared genetic basis 
for susceptibility to schizophrenia and bipolar disorder43. Also, the NRG1 and DAOA 
genes, originally identified as ‘schizophrenia genes’ have recently been implicated in 
mood disorders and affective symptoms in patients with schizophrenia. The NRG1 ‘risk 
haplotype’ (associated with increased risk of schizophrenia) has been associated with 
bipolar disorder44; in particular this haplotype was associated with bipolar cases with 
predominantly mood incongruent psychotic features and a subgroup of schizophrenia 
patients who had experienced mania44. The DAOA (formerly G72) locus, also initially 
reported as a schizophrenia susceptibility locus, has recently been associated with bipolar 
disorder45-48. In fact, the most recent association study found evidence for association 
with bipolar disorder but not with schizophrenia48. In the same study, further analyses 
showed significant evidence for association in the subgroup of patients in which episodes 
of major mood disorder had occurred whereas no evidence for association was found 
in the subgroup of patients with psychotic features48. Together, these findings strongly 
support the existence of loci that influence susceptibility across the functional psychosis 
spectrum, and thereby question the current diagnostic categories of the DSM-IV49, 50. 

Benefits of increased knowledge of the genetic basis of schizophrenia  Ultimately, 
the identification of ‘schizophrenia genes’ may lead to a better understanding of 
neurobiology and pathways involved in schizophrenia pathogenesis. In the future, 
understanding of the biological basis of schizophrenia may allow us to better address the 
needs of individual patients based on their genetic background. It may become possible 
to target resources to genetically at-risk populations. Additionally, growing knowledge 
about disease genes may help us to clarify the diagnosis of affected patients. 

Pharmacogenetics  Genes known to increase schizophrenia susceptibility could 
be potential targets for therapeutic strategies and increasing knowledge on the role 
of genetic factors in efficacy of pharmaceutics, i.e. pharmacogenetics, may result in 
individually targeted (‘tailor-made’) pharmacotherapy. For example the COMT gene 
may be an important pharmacological target in schizophrenia in the future: either to 
predict response to antipsychotic medication or to improve cognitive function. 

Future research
In 2003, the year I started my PhD project, the news and editorial staff of Science voted the 
‘decoding of mental illness’ as the second most important scientific breakthrough of the 
year51. Indeed the identification of multiple replicable candidate genes for schizophrenia 
can be considered as a substantial milestone. However, despite significant progress, 
findings from genetics studies investigating schizophrenia have been controversial and 
inconsistent and are still of little relevance to daily clinical practice. The coming years 
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are crucial for psychiatric genetics research. Several methods and techniques may enable 
steps forward in the search for schizophrenia genes: e.g. meta-analyses, whole-genome 
association studies, the HapMap project, animal models, gene expression studies, and 
new bioinformatics tools. Together these techniques may lead to increasing knowledge 
about the genetic background of schizophrenia and in the long run to improved diagnosis 
and treatment of patients.

Meta-analysis  Ultimately, meta-analyses of association studies will need to test 
whether associations are ‘true’ or merely false-positives. For example, the COMT 
gene is an attractive functional and positional candidate gene for schizophrenia and 
has been implicated in schizophrenia aetiology by many association studies5, 52, 53; 
however two recent meta-analyses found no consistent evidence that COMT indeed 
increases risk for schizophrenia54, 55. Because large sample sizes are needed to reliably 
search for schizophrenia susceptibility genes, meta-analysis is an essential method for 
summarizing the available data29. 

Whole genome association studies and the HapMap project  In theory, with 
a large enough number of markers, it would be possible to survey the entire genome 
using association33, 56. Association has the advantage of having a much higher 
sensitivity to small gene effects, as opposed to linkage which is more powerful for single 
gene disorders56. Since schizophrenia is a complex genetic disorder with many genes 
contributing to disease risk, whole genome association studies may help to identify 
multiple susceptibility genes at the same time. So far, the limitation of this strategy has 
been the large number of markers needed. However, advanced technologies, e.g. the 
use of chip arrays, in combination with the HapMap project will make whole-genome 
association scans possible57. The HapMap project (www.hapmap.org) aims to construct 
a general map of haplotype blocks in the human genome. The HapMap database is based 
on linkage disequilibrium (LD). High LD is caused by low haplotype diversity, and low 
LD is caused by high haplotype diversity. In case of high LD, haplotype blocks occur; i.e. 
few haplotypes account for 80-95% of the haplotypic variation in samples58. By using 
HapMap to choose SNPs, researchers would only need to type the haplotype-tagging 
SNPs (htSNPs) in their samples to test whether disease is associated with one of the 
common haplotypes. In this way, the genotyping effects can be reduced by using htSNPs 
without much loss of power. The HapMap approach has been criticized because the 
underlying assumption that the location and composition of haplotype blocks are similar 
in different populations, may not be completely accurate58. Still, in the near future more 
and more association studies will use htSNPs derived from the HapMap database to 
reduce the amount of genotyping without losing power. Furthermore, high-resolution 
whole-genome association studies are more feasible when only htSNPs are used.  
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The HapMap approach is based on the “common disease - common variant” (CDCV) 
assumption, meaning that susceptibility to a common disease is largely determined by 
a limited number of common genetic variants. However, it is also possible that common 
diseases (such as schizophrenia) are caused by multiple rare variants, each of minor or 
modest effect. Critics argue that the search for schizophrenia genes using HapMap is 
unlikely to be successful because of large genetic heterogeneity, with hundreds of genes 
contributing to disease risk, together with allelic heterogeneity, with multiple different 
and rare disease-related variants in each gene. Indeed, by using a SNP and haplotype 
approach rare genetic variants may remain undetected; also, different variants may 
have different effects in different populations. The use of a gene-based approach rather 
than a SNP-based or haplotype-based approach could help overcome the difficulties in 
finding rare genetic variants. Sequencing a whole locus instead of genotyping several 
SNPs could offer protection against genetic heterogeneity and could yield rare variants 
that otherwise would have remained undetected. Methods and resources facilitating 
large-scale sequencing have become increasingly available, allowing researchers to 
focus on systematic coverage of genetic variation at a whole locus instead of genotyping 
one or several SNPs. 

Structural variation in the human genome  For long, SNPs were thought to be 
the main source of genetic and subsequent phenotypic variation. Recently, increasing 
attention has been given to submicroscopic variants, including deletions, duplications 
and insertions, collectively named copy-number variants (CNVs)59. Some of these 
CNVs may influence gene dosage and thereby cause genetic disease, either alone or in 
combination with other genetic or environmental factors. Future research is needed 
to investigate whether this type of genomic variation contributes to schizophrenia 
susceptibility. 

Gene expression studies  The comparison between gene expression profiles in post-
mortem brain tissue of patients with schizophrenia and control subjects can be used 
to identify genes or networks of genes relevant to schizophrenia pathophysiology. 
Furthermore, studying gene expression during development may increase our 
knowledge about neurodevelopmental changes associated with schizophrenia; this 
has recently been done for the 22q11 region60. A major limitation of gene expression 
studies in schizophrenia (apart from obvious ascertainment problems) is the fact that 
most patients have been treated with antipsychotic medication; drug treatment is a 
possible confounder in these studies since antipsychotics have been reported to induce 
changes in gene expression61, 62. An approach combining gene expression studies with 
linkage and positional cloning has been termed ‘convergent functional genomics’57, 63. 
An example of the successful use of this approach is the regulator of G-coupled protein 
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4 (RGS4) gene: RGS4 was first implicated in schizophrenia pathophysiology by a micro-
array study investigating gene expression in post-mortem brain tissue of patients with 
schizophrenia and healthy controls64. Subsequently, association was reported in a large 
sample of patients with schizophrenia65, a finding that has been replicated several 
times66-68. Furthermore, since the methodology for expression profiling is rapidly 
developing, it might soon be possible to derive large-scale gene expression profiles, and 
use them as endophenotypes in linkage and association studies. 

Bioinformatics The new genomics approaches generate huge amounts of data, 
for which new statistical approaches must be developed in order to facilitate the 
interpretation and understanding of the results. One example is the issue of multiple 
comparisons in association studies. The usual Bonferroni correction (multiplying the 
p-value with the amount of comparisons that have been made) may be too stringent. 
Still, other statistical approaches have yet to be developed. Other challenges are e.g. the 
management of the vast amount of data generated by genome-wide association studies 
or micro-array experiments. 

Gene-environmental and gene-gene interaction  In addition to disease-predis-
posing DNA variants, it is likely that gene-environment interactions also contribute to 
the onset of schizophrenia. Environmental factors alone have been reported to increase 
schizophrenia risk, e.g. living in a city69, pregnancy and delivery complications70, 
low socioeconomic status71, immigration72, and cannabis use73. Environmental risk 
factors may increase disease risk cumulatively when they are superposed on genetic 
vulnerability. A recent example of gene-environment interaction is the relationship 
between COMT Val158Met genotype and the use of cannabis. Caspi et al74 reported in 
a large population cohort from Dunedin, New Zealand, that the high-activity Val allele 
together with adolescent cannabis use resulted in severely increased psychosis risk. Also, 
both COMT and PRODH are probably subject to regulation by hypoxia75, and exposure 
to herpes simplex virus has recently been associated with prefrontal gray matter 
decreases76. Furthermore, recent data suggest that expression of COMT in microglia of 
the hippocampus is modulated by traumatic brain injury77, thereby providing a possible 
biological basis for the finding that traumatic brain injury (slightly) increases risk of 
psychosis78. The search for gene-environment interactions requires tremendously large 
and longitudinal cohort studies, and is therefore labor-intensive and expensive.   
In addition, epigenetic dysregulation of gene activity (gene-gene interaction) may also 
contribute to schizophrenia psychopathology. Epigenetics refers to genetic mechanisms 
that regulate genomic functions but are not produced by a change in DNA sequence79. 
Epigenetic or gene regulatory mechanisms include cis-acting variants80-82, methylation, 
and phosphorylation, and may play an important role in the pathophysiology of complex 
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genetic diseases. Epigenetic regulation of gene activity is tissue-specific, age-dependent, 
and may be dependent on developmentally and environmentally induced changes, and on 
intra- and extracellular environment (including hormones)83, 84. Epigenetic mechanisms 
may be of great importance to schizophrenia etiology; however, little is known about 
these mechanisms and their role in schizophrenia. For example, interaction between 
estrogens and genetic factors including COMT may partially explain phenotypic 
differences between male and female schizophrenia patients; future studies are needed 
to unravel the role of genetic factors in phenotypic differences between male and female 
patients with schizophrenia. Other examples of epigenetic effects are a recent report 
that  the COMT Val allele is associated with decreased expression of RGS4 in the human 
cortex85, and a report of altered expression of several genes previously implicated in 
schizophrenia in PRODH deficient mice86. Future studies should investigate effects of 
single genes and gene-gene interactions, but also possible regulation of schizophrenia 
candidate genes by physiological or pharmacological insults during development and 
how this affects brain structure and function. 

Animal models  The Human Genome Project has been extremely valuable for the field 
of psychiatric genetics57. Similar efforts have been started for other species: to date, the 
genomes of e.g. mouse, rat, dog, chimpanzee, fruit fly, and C. elegans have been (partially) 
completed. By investigating evolutionary conservation between species we may increase 
our understanding of the functional role of genomic regions57. Furthermore, knowing 
the genomic sequence of these species is important because they are potential model 
animals for behavioral abnormalities. Although obviously hampered by limitations, 
animal studies are extremely valuable for detecting genetic causes underlying behavioral 
abnormalities. Examples include phenotypic characterization of a positional candidate 
gene from which the function was yet unknown89, and the possibility of studying effects 
of tolcapone administration in rats88. A recent example is a mouse model in which a 
common and functional SNP in the BDNF gene - previously associated with alterations 
in brain anatomy and memory in humans - is investigated87; in this way, a human SNP 
can be modeled in transgenic mice reproducing phenotypic hallmarks similar to those 
observed in human populations.

Conclusions 
The overall aim of the studies described in this thesis was to increase our knowledge on 
the genetic variation underlying schizophrenia risk by examining association between 
genetic variation in candidate genes for schizophrenia and various (endo)phenotypes 
including clinical symptoms, brain structure, and brain function. We focused on 
known candidate genes for schizophrenia, in particular the COMT and PRODH 
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genes because of their location on 22q11, and the 22q11DS being a disease model for 
a genetic subtype of schizophrenia. In addition, we investigated effects of one of the 
strongest candidate genes for schizophrenia, the dysbindin gene. Since the biological 
mechanisms underlying schizophrenia etiology are not fully known, relating genetic 
variables to clinical, neuropsychological, electrophysiological and neuroimaging data 
will increase our understanding of the neurobiology of schizophrenia. Also, research on 
endophenotypes may lead to a better classification of the various clinical representations 
of schizophrenia. In the near future, new tools and strategies including whole-genome 
association studies and ‘imaging genetics’ may result in identification and validation 
of susceptibility genes for schizophrenia. The ultimate challenge will be to identify 
functional variants, functionally relevant pathways, and networks of genes underlying 
schizophrenia etiology. In the future this may allow us to better address the needs of 
individual patients based on their genetic background, e.g. genes known to increase 
schizophrenia susceptibility could be potential targets for therapeutic strategies. 
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Chapter 4 - Figure 2 Relative deficits (blue) and excesses (red) in gray matter volume in Met-hemizygous 
compared to Val-hemizygous VCFS people. The maps are oriented with the right side of the brain shown on 
the left side of each panel. The z-coordinate for each row of axial slices in the standard space of Talairach & 
Tournoux is given in millimeters.

Chapter 4 - Figure 3 Relative deficits (blue) and excesses (red) in white matter volume in Met-hemizygous 
compared to Val-hemizygous VCFS people. The maps are oriented with the right side of the brain shown on 
the left side of each panel. The z-coordinate for each row of axial slices in the standard space of Talairach & 
Tournoux is given in millimeters.
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Chapter 6 - Figure 1 Displayed are: age-related increases (red) and decreases (blue) of gray and white matter 
density in female val carriers (a, b) and female met homozygotes (c, d). The increased and decreased brain 
areas are overlaid (in colour) on a T1 weighted brain image for the purpose of localisation:  a) gray matter 
changes, transversal view; b) white matter changes, coronal view; c) gray matter changes transversal view; d) 
white matter changes, coronal view.

a

b

c

d

Chapter 7 - Figure 1 Significantly (p<0.05, corrected) a) increased superior temporal gyrus gray matter in 
patients with schizophrenia and schizoaffective disorder with COMT rs2097603 AA genotype compared to 
AG or GG genotype; b) decreased frontal lobe white matter in patients with PRODH rs2008720 GG genotype 
compared to GT and TT genotype; c) decreased frontal lobe white matter ( fasciculus uncinatus) in patients 
with PRODH rs450046 AA genotype compared to the AG genotype; and d) increased frontal lobe white matter 
in patients with a COMT rs4680 Val allele and one or two mutated PRODH rs20086720 alleles (GT or TT), 
compared to the rest of the patient population. Gray and white matter density differences are superimposed 
on a transversal T1-weighted image; sagittal view, neurological convention (R=R). 
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Nederlandse Samenvatting
De Nederlandse titel van dit proefschrift is Endofenotypes en genetische risicofactoren 
voor psychose. Een psychose kan een uitingsvorm zijn van schizofrenie. Schizofrenie 
is een ernstige psychiatrische aandoening die gekenmerkt wordt door psychotische 
symptomen (wanen en hallucinaties) en door zogenaamde negatieve symptomen: 
emotionele afvlakking, sociaal dysfunctioneren en initiatiefloosheid. Daarnaast zijn 
er cognitieve symptomen, bestaande uit problemen met betrekking tot aandacht, 
concentratie en geheugen. Schizofrenie komt voor bij 1 procent van de wereldbevolking, 
en is een zeer invaliderende aandoening met een vaak chronisch beloop. De psychotische 
symptomen kunnen behandeld worden met een antipsychoticum, bijvoorbeeld haldol of 
olanzapine, maar de cognitieve en negatieve symptomen zijn vaak zo ernstig dat mensen 
niet in staat zijn hun opleiding af te maken of hun baan te behouden. 
Inmiddels is bekend dat genetische factoren een belangrijke rol spelen bij het ontstaan 
van psychose en schizofrenie. Deze genetische factoren staan als oorzaak niet op zichzelf, 
maar vergroten het risico om een psychose of schizofrenie te ontwikkelen in interactie 
met omgevingsfactoren, zoals gebruik van cannabis of het opgroeien in een grote stad. 
Genetische factoren kunnen tot 80 procent van het risico op schizofrenie verklaren. Het 
is echter niet zo dat schizofrenie door één enkel gen wordt veroorzaakt. Schizofrenie is 
een ‘complexe genetische ziekte’, wat betekent dat de stoornis tot uiting komt door een 
ongelukkige optelsom van variaties in meerdere genen, elk met een relatief klein effect 
en in combinatie met de eerder genoemde ongunstige omgevingsfactoren. Met behulp 
van koppelings- en associatiestudies is een aantal genen opgespoord die waarschijnlijk 
een bijdrage leveren aan de genetische kwetsbaarheid voor psychose en schizofrenie. 
Deze genen zijn onder andere dysbindine, neureguline, catechol-O-methyltransferase 
(COMT), proline dehydrogenase (PRODH) en disrupted-in-schizophrenia 1 (DISC1).
Het doel van dit proefschrift was meer te weten te komen over de manier waarop 
genetische variatie het risico op psychose en schizofrenie vergroot. De studies 
beschreven in dit proefschrift zijn verricht in verschillende populaties van mensen die 
aan een psychose lijden, namelijk bij patiënten met schizofrenie of een schizoaffectieve 
stoornis, en bij patiënten met het velocardiofaciaal syndroom (VCFS). Ook zijn gezonde 
controles onderzocht. Specifiek werd gekeken of bepaalde genetische variaties, ook 
wel polymorfismen genoemd, geassocieerd zijn met endofenotypes voor psychose. Een 
endofenotype is een beter gedefinieerd en meetbaar subfenotype dan het ziektebeeld zelf. 
Endofenotypes voor psychose en schizofrenie zijn bijvoorbeeld klinische symptomen, 
resultaten van MRI-scans en van neuropsychologisch en electrofysiologisch onderzoek. 
Met behulp van MRI-scans kan onder andere gedifferentieerd worden tussen grijze en 
witte stof in de hersenen. Grijze stof bestaat grotendeels uit zenuwcellen of neuronen, 
terwijl witte stof bestaat uit zenuwceluitlopers, dat wil zeggen verbindingen tussen 
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hersengebieden. Een veranderde samenstelling van grijze en witte stof in onder andere 
de frontale hersengebieden is beschreven bij zowel patiënten met schizofrenie als 
bij patiënten met VCFS en is geassocieerd met specifieke cognitieve stoornissen die 
beschreven worden in patiënten met VCFS en schizofrenie. 
De studies beschreven in dit proefschrift concentreren zich op bekende kandidaatgenen 
voor schizofrenie, en vooral op de twee genen die COMT en PRODH heten en op 
chromosoom 22q11 gelocaliseerd zijn. Bij mensen met VCFS ontbreekt het stuk van 
chromosoom 22q11 waarop COMT en PRODH liggen. VCFS gaat gepaard met een dertig 
keer zo hoog risico op psychose ten opzichte van gezonde mensen en wordt daarom wel 
gebruikt als een genetisch studiemodel voor psychose en schizofrenie. 
Het COMT-gen is interessant omdat het een polymorfisme bevat dat de activiteit van het 
COMT-eiwit beïnvloedt. Dit eiwit speelt een belangrijke rol bij de afbraak van dopamine 
in de prefrontale cortex. (PFC). Een relatief tekort van dopamine in dit deel van de 
hersenen is waarschijnlijk een belangrijke oorzaak van het ontstaan van schizofrenie. 
Er zijn drie varianten van het COMT-polymorfisme: de Val/Val-variant, die resulteert in 
hoge COMT-eiwitactiviteit, de Val/Met-variant met een gemiddelde eiwitactiviteit, en de 
Met/Met-variant met een relatief lage eiwitactiviteit. Er is veel onderzoek gedaan naar de 
relatie van het COMT-Val/Met-polymorfisme en het risico op schizofrenie. Het COMT-
Val/Met polymorfisme beïnvloedt waarschijnlijk niet het risico op schizofrenie zelf, 
maar wel de mate en ernst van cognitieve symptomen bij patiënten met schizofrenie. 
In hoofdstuk vier van dit proefschrift wordt een studie beschreven waarin de relatie 
tussen het COMT-Val/Met-polymorfisme en cognitieve symptomen en resultaten van 
hersenscans in patiënten met VCFS werd onderzocht. Bij VCFS-patiënten met het Val-
allel hadden de frontale hersengebieden significant grotere volumes. Daarnaast hadden 
VCFS-patiënten met een Val-allel een grotere grijzestofdichtheid in onder andere het 
cerebellum en de hersenstam, maar een geringere wittestofdichtheid in het cerebellum. 
Het COMT-Val/Met-polymorfisme had geen significant effect op het neurocognitief 
functioneren. Concluderend kan worden gesteld dat het COMT-Val/Met-polymorfisme 
is geassocieerd met variatie in grijze- en wittestofdichtheid in patiënten met VCFS. 
Genetische variatie in COMT beïnvloedt mogelijk de hersenontwikkeling van patiënten 
met VCFS. 
In hoofdstuk vijf wordt een studie beschreven waarin de relatie tussen het COMT-Val/
Met-polymorfisme en dwangsymptomen bij patiënten met schizofrenie is onderzocht. 
Dwangsymptomen zijn zich herhalende gedachten of handelingen die zich opdringen 
en zich kunnen uiten in smetvrees of het voortdurend controleren van bijvoorbeeld 
de gaskraan. Dwangsymptomen worden waarschijnlijk mede veroorzaakt of in stand 
gehouden door verstoringen van het dopaminesysteem. Omdat COMT een belangrijke 
rol speelt bij het metabolisme van dopamine, hebben we gekeken naar associatie tussen 
het COMT-Val/Met-polymorfisme en de ernst van dwangsymptomen bij jonge patiënten 
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met schizofrenie. De ernst van de dwanghandelingen en -gedachten werd gemeten met 
behulp van een vragenlijst, de Yale-Brown Obsessive-Compulsive Scale (Y-BOCS). In 
onze patiëntengroep bleken patiënten met het Val/Val-genotype veel hogere Y-BOCS-
scores te hebben dan patiënten met Val/Met-genotype, wat betekent dat zij ernstiger 
dwanggedachten en -handelingen hadden. Patiënten met het Met/Met-genotype 
hadden zelfs helemaal geen dwangsymptomen. Hoge COMT-activiteit (Val/Val) is dus 
geassocieerd met meer dwangsymptomen in jonge patiënten met schizofrenie, terwijl 
lage COMT-activiteit (Met/Met) geassocieerd is met weinig tot geen dwangsymptomen. 
Het COMT-gen beïnvloedt dus mogelijk de ernst van symptomen bij patiënten met 
schizofrenie, waarschijnlijk door effecten op het dopaminerge systeem.
In hoofdstuk zes wordt een studie beschreven waarin we hebben gekeken of er een relatie 
is tussen het COMT-Val/Met-polymorfisme en grijze- en wittestofdichtheid in gezonde 
jongvolwassenen. In vrouwen met het Val/Val- of Val/Met-genotype was sprake van een 
toename van grijze- en witte-stofdichtheid bij een toename van de leeftijd in temporale 
en pariëtale gebieden, in het cerebellum en in de frontale hersenen. In vrouwen met het 
Met/Met-genotype was sprake van een afname van grijze en witte stof bij een toename 
van de leeftijd in pariëtale en frontale gebieden en in het corpus callosum. Bij vrouwen 
lijkt het COMT-Val/Met-polymorfisme dus leeftijdsgerelateerde veranderingen in grijze- 
en wittestofdichtheid te beïnvloeden in specifieke delen van de hersenen.
Naast het COMT-gen is er een ander gen op chromosoom 22q11 dat interessant is voor 
schizofrenie, namelijk het PRODH-gen. PRODH speelt een rol bij de omzetting van 
proline in onder andere glutamaat, een neurotransmitter betrokken bij het ontstaan 
van psychose en schizofrenie. In hoofdstuk zeven wordt een studie beschreven naar de 
relatie tussen single nucleotide polymorphisms (SNPs, spreek uit ‘snips’) in het COMT-
gen en in het PRODH-gen en grijze- en wittestofdichtheid in de hersenen (gemeten met 
MRI-scans) van patiënten met schizofrenie. We vonden dat SNPs in COMT en PRODH 
geassocieerd zijn met variaties in grijze- en wittestofdichtheid in de frontale en temporale 
hersengebieden. Genetische variaties in COMT en PRODH hebben kennelijk significant 
effect op de structuur van hersengebieden waarvan bekend is dat ze aangedaan zijn in 
schizofrenie. 
Naast de genen op chromosoom 22q11, zoals COMT en PRODH, zijn er andere genen 
waarvan met behulp van koppelings- en associatiestudies is aangetoond dat ze 
waarschijnlijk een rol spelen bij het onstaan van psychose en schizofrenie. Een belangrijk 
kandidaatgen is dysbindine, dat op chromosoom 6p22.3 ligt. Deze chromosomale regio 
is in eerdere studies ook geassocieerd met intelligentie (gemeten aan de hoogte van het 
IQ). Bij patiënten met schizofrenie en hun gezonde broers en zussen worden specifieke 
cognitieve stoornissen gevonden die als endofenotype voor schizofrenie worden 
beschouwd. In hoofdstuk acht wordt een studie beschreven waarin we een verband 
hebben gevonden tussen SNPs in dysbindine en de hoogte van het IQ in patiënten met 

proefschrift.indb   203 27-9-2007   11:16:51



204

schizofrenie en hun gezonde broers en zussen. Tot nu toe was associatie aangetoond 
tussen dysbindine en IQ in patiënten met schizofrenie, maar nog niet in gezonde 
familieleden van patiënten met schizofrenie. Dit resultaat is een extra aanwijzing 
dat sommige genen de kwetsbaarheid voor psychose en schizofrenie vergroten via 
onderliggende erfelijke mechanismen, zoals in dit geval intelligentie. Het is goed mogelijk 
dat dysbindine een rol speelt bij het ontstaan van schizofrenie via het beïnvloeden van 
cognitie. 

De studies beschreven in dit proefschrift zijn gericht op het vergroten van kennis over de 
manier waarop genetische variatie het risico op en de ernst van schizofrenie beïnvloedt. 
Tot op heden is nog onvoldoende bekend wat de precieze biologische mechanismen zijn 
die het ontstaan van schizofrenie verklaren. Het zoeken naar verbanden tussen genetische 
variabelen en gegevens van neuropsychologisch, electrofysiologisch en neuroimaging 
onderzoek kan helpen om de neurobiologische basis van schizofrenie beter te begrijpen. 
Ook kan endofenotypeonderzoek het onderscheiden van verschillende subtypen van 
schizofrenie bevorderen, en daarmee leiden tot een betere ziekteclassificatie. In de 
toekomst zullen nieuwe technologieën en strategieën resulteren in het vinden van nieuwe 
en het valideren van bekende kandidaatgenen voor schizofrenie. De ultieme uitdaging 
zal zijn om functionele varianten en relevante final common pathways te vinden die het 
ontstaan van schizofrenie kunnen verklaren. Meer kennis over de genetische achtergrond 
van schizofrenie leidt hopelijk tot nieuwe farmacotherapeutische mogelijkheden en 
uiteindelijk tot een betere patiëntenzorg, waarbij therapeutische strategieën gematcht 
kunnen worden met het genetische profiel van patiënten. 
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Dankwoord
Na eindeloze lappen tekst over genetica, schizofrenie en aanverwante zaken, dan nu het 
meest leesbare hoofdstuk van dit boek – dat ik niet had kunnen schrijven zonder hulp 
van de mensen die ik hieronder ga noemen. 

Prof. Dr. D.H. Linszen, Don, jij bent de initiator van dit spannende project, het eerste 
genetica-onderzoek binnen onze afdeling psychiatrie. Dank dat je mij de gelegenheid 
hebt gegeven dit onderzoek op te zetten en uit te voeren. Ik hoop dat het onderzoek naar 
genetica binnen de psychiatrie en schizofrenie kan worden voortgezet!
Prof. Dr. F. Baas, Frank, dank voor je vertrouwen in mij en de vrijheid die je me hebt 
gegeven in jouw lab. Ik hoop dat we in de toekomst blijven samenwerken om de 
psychiatrische genetica verder van de grond te tillen! 
Dr. T.A.M.J. van Amelsvoort, Therèse, enorm bedankt dat je mij wilde begeleiden als co-
promotor. In de momenten dat ik echt dacht dat het nooit meer iets zou worden, bleef jij 
rustig en vol vertrouwen dat het goed zou komen. Altijd zag jij wel weer een mogelijkheid, 
dank voor je bezielende begeleiding! Super dat je niet meer alleen mijn ‘baas’ bent, maar 
ook een vriendin bent geworden! 
De overige leden van de promotiecommissie, Prof. dr. D.A.J.P Denys, Prof. dr. G.J. den 
Heeten, Prof. dr. W. van den Brink, Prof. dr. P. Heutink en Prof. dr. B.A. Schmand wil ik 
dank zeggen voor het beoordelen van mijn proefschrift. Professor Mike Owen, thank you 
for reviewing my thesis and for participating in the PhD ceremony. 

Lieve mensen van het Neurogenetica-lab! Anneloor, Wiep, Marjan B., Jelly, Lourens, 
Monique, Jeroen H., Theo, Marja, Susan, Ferry, Coby, Mia, Jules, Maryla, Nico, Fred, José, 
Leonie, Regien, Jeroen V., Jan-Willem, Marian W., Marit, Ruud, Lydia, Rob, Carin, Ted, 
Sidhartha, Kees, Marcel Kwa, Farid, Olaf, Valeria, Piet, Anneke, Talitha, Danny, Jennifer, 
Marcel Kool, Gerben, Joost en Martina. Toen ik begon in het lab was er enige scepsis: 
niet alleen was ik weer zo’n dokter die zo nodig labwerk moest doen zonder adequate 
vooropleiding, maar ik was ook nog psychiater…. Dank voor jullie eindeloze geduld en 
uitleg en gezelligheid! Zonder het commentaar op de radio (wat staat-ie hard Rudi! en 
deze muziek… ben je daar niet te oud voor?!), de goeie koffie, de grappen en steunende 
opmerkingen waren deze 3 jaar lang niet zo leuk geweest! Ik mis jullie nog steeds… 
Het MALDI-team: Marja, Ted, Martina en Joost, dank voor alle hulp en het werk wat 
jullie verzet hebben! 
Valeria, Sidharta en Jose, fellow PhD students! Many thanks for the countless coffee 
breaks in which we shared PhD stress, jokes, and gossip… Looking forward to your PhD 
ceremonies!! Jelly, jij hoort ook in dit rijtje, heerlijk die nuchtere humor, en dank voor alle 
hulp bij computerstress! 
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Mede-onderzoekers van de Adolescentenkliniek, ik was vaak in het lab, maar had jullie 
hard nodig! Odette, zonder jouw gedreven onderzoekersmentaliteit was mijn onderzoek 
nooit zo goed van de grond gekomen, dank daarvoor. Ik kijk uit naar jouw promotie, 
maar eerst nog een veel belangrijker gebeurtenis voor jou… gefeliciteerd! 
Lonneke, lieve kamergenoot! Ik was veel te vaak in het lab maar altijd als ik bij je langs 
kwam was er een fantastisch moment van bijpraten, zorgen en frustraties delen, het 
beloop van carrière en liefde bespreken, even lachen om de relativiteit van dat gekke 
onderzoek… ik mis je, hopelijk komen we elkaar nog vaak tegen! 
Nicole, wat goed dat jij erbij bent gekomen! Niet alleen ben ik blij met je eindeloze 
SPM-analyses die een substantieel onderdeel vormen van dit boekje, maar ook met je 
vriendschap!
Lieuwe, dank voor je adviezen en steun; je enthousiasme voor zowel onderzoek als 
patiëntenzorg werkt aanstekelijk! Erik, bedankt voor de vele kopjes koffie (hoewel het er 
veel meer waren geweest als het niet altijd zo druk was) en het delen van promotiestress; 
succes met jouw boekje! Sylvia en Judith, bedankt voor praktische hulp en gezelligheid.

Michael Tanck van de afdeling Klinische Epidemiologie en Biostatistiek, dank voor je 
ondersteuning op het gebied van de genetische statistiek en voor je geduld en uitleg als 
ik weer eens bij je langs kwam! 

Mijn collega’s in het AMC, stafleden en arts-assistenten, dank voor jullie interesse in 
mijn onderzoek en voor flexibiliteit als onderzoek en kliniek weer even door elkaar 
liepen. Eindelijk tijd voor een feestje! Berthold Gersons, Bas Schreuder en Aart Schene, 
dank voor het mogelijk maken van mijn AGIKO traject.

Tenslotte, alle belangrijke mensen buiten het werk die mij de afgelopen jaren (en nog 
steeds!) aan het lachen maakten en luisterden naar mijn ‘onderzoeksgezeur’ waardoor 
het makkelijker werd en de moeite waard …  Familie en schoonfamilie, vrienden en 
bekenden, enorm bedankt voor jullie steun en betrokkenheid! 
Mijn paranimfen: Liesbeth en Lisette.  Liesje, lief paranimfje! Wat zou ik zonder jou 
moeten? Er is niets wat jij niet liefdevol kunt relativeren! Ik hoop dat ik dat ook voor jou 
kan doen…  nog heel lang!!!
Set, rots in de branding! Super dat jij nu naast mij staat! Nuchter en betrokken ben je, en 
ervaren in het onderzoeksgebeuren, heel fijn om werkstress met jou te kunnen delen. De 
afgelopen tijd heeft bewezen dat onze vriendschap aardig wat kan hebben, daar ben ik 
trots op! Ik loop graag nog een tijdje met je mee op. 
Foka, trouwe vriendin! Weet je nog, die discussie over de juiste fietsroute, half 5 ’s 
ochtends ergens in Amsterdam tijdens de introductieweek? Geweldig dat we nog steeds 
vriendinnen zijn, heel fijn om met jou te kletsen over werk, relatie, familie! 
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Arne en Frank, onze leesclubavondjes waren me altijd erg dierbaar! ondanks dat het 
toch altijd vrij veel moeite kostte om dat boek weer gelezen te hebben…  Nynke, dank 
voor je opper-relativerende commentaar op het hele onderzoeksgebeuren en grenzeloze 
vertrouwen in dat het goed zou komen!  Ella, Daniëlle en Willemiek, bedankt voor jullie 
luisterend oor en gezond verstand tijdens intervisieavondjes!  Chiel en Swaan, dank voor 
jullie trouwe vriendschap, de avonden oeverloos kletsen, relativering, en natuurlijk de 
muziek (Bruce rules)! 
Lieve pa en ma, jullie zijn altijd enorm betrokken geweest bij het wel en wee van 
mijn onderzoek. Dank voor jullie continue, onvoorwaardelijke en liefdevolle steun en 
vertrouwen! 
Hey Job (spreek uit gob), lieve slimme filosoof die je bent! Dank voor je redigeerwerk en 
relativerende opmerkingen! Je hebt heel wat aan moeten horen over dat rare onderzoek … 
zal ik de komende jaren naar jouw onderzoeksgezeur luisteren?! Ik kom gauw weer eens 
echt bij jou en Suus eten!! Enne die boekenclub zullen we daar nu toch s mee beginnen?!
Lieve Roel! Dank voor je giga steun de afgelopen tijd zowel emotioneel als praktisch! 
Ik voel me zo rijk met jou als broer! Enne kan ik me inschrijven voor die cursus opera 
luisteren voor beginners zodra jouw boekje af is?! 
Jet, lieve sis! Jij bent er gelukkig altijd en nog steeds!! En zo vertrouwd, oprecht en gelukkig 
ook lekker gek dat ik altijd weer blij word als ik je zie. Gelukkig gaat zusterschap nooit 
over! Ik ga me nu volledig storten op mijn nieuwe rol als tante …hoera!
Jurgen, mijn lief! Ik zeg nooit nooit meer dat een relatie hebben, allebei promoveren en 
in opleiding zijn/gaan geen enkel probleem is…  wel zeg ik: vier voeten in de modder? 
Graag! Zeven sloten? Allemaal tegelijk!! Die dakgoot? Anytime!!! Kus.
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