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CHAPTERR 1 

INTRODUCTION N 
1.11 Schizophrenia and genetic research 
Schizophreniaa remains a common, usually lifelong disorder with a strong tendency 
towardss severity, which carries a huge burden for families and carers and brings large 
costss to the national health service. Many years of research still have not unravelled 
thee complex aetiology and pathogenesis of the illness1. Over the last decades there 
havee been numerous genetic studies of schizophrenia; data from family, twin and 
adoptionn studies have demonstrated that schizophrenia is determined for a major part 
byy genetic factors, with environmental factors playing an important, though relatively 
minorr rolc^ However, subsequent search for chromosomal loci and candidate genes 
byy using linkage and association studies has proven a difficult task. The reason 
forr this is probably because there are multiple susceptibility genes each with a 
smalll  effect, which act in conjunction with epigenetic processes and environmental 
factors.. In addition, genetic research in schizophrenia has been complicated by the 
absencee of a diagnostic pathology, other biological markers of the illness, and its 
clinicall  heterogenity. As a result, genetic studies have lacked sufficient power, given 
inconsistentt results and positive results have rarely been replicated3. An interesting 
neww opportunity to study the neurobiology of schizophrenia has arisen since velo-
cardio-faciall  syndrome (VCFS) has been increasingly reported to be associated with 
schizophrenia4.. Instead of "searching for the genes for schizophrenia", studying an 
identifiedd genetic disorder like VCFS that is associated with a high prevalence of 
psychopathologyy could be a challenging alternative approach to the current research 
strategy. . 

1.22 Velo-cardio-facial syndrome 
VCFS,, (22ql 1 deletion syndrome, Shprintzen syndrome or DiGeorge syndrome), is 
thee most common microdeletion syndrome occurring in approximately 1:4000 live 
births'.. The syndrome is associated with a small interstitial deletion at the long arm 
off  chromosome 22 containing several identified genes. The majority of the deletions 
arcc de novo but the deletion can be transmitted in 10-15% of cases as an autosomal 
dominantt disorder. Subsequently, individuals with a 22qll deletion have a 50% 
riskk of having an affected offspring in each pregnancy6. In 80-85% of individuals 
withh VCFS an interstitial deletion is detected by fluorescence in situ hybridization 
(FISH)77 \ A fluorescently labeled DNA or RNA probe is hybridized to immobilized 
metaphasee chromosomes prepared from a blood sample (see figure 1). The typically 
deletedd region (TDR) has a length of approximately 3Mb and contains 30-50 genes, 
thee deletion size, however, is variable. Clinically, VCFS is characterised by multiple 
congenitall  anomalies affecting a number of tissues and organ systems, many of 
whichh are embryologically derived from rostral neural crest cells. It has been 
suggestedd that aberrant cephalic neural crest migration to the 3rd and 4th branchial 
archess maybe an important embryologie basis for VCFS. Although considerable 
phenotypicc variability occurs, the most frequently reported clinical features include 
congenitall  heart defects, cleft palate, pharyngeal insufficiency, thymus hypoplasia, 



hypocalcemia,, characteristic facial dysmorphology (wide set eyes, high nasal 
bridge),, and mild borderline learning disability'"' (figure 2). Since diagnostic 
testingg has become available only relatively recently, many affected individuals that 
havee come to medical attention are children. As a result the existing literature on 
VCFSS has mainly described children with VCFS. In recent years VCFS has received 
increasingg attention in psychiatric research because the people with VCFS are 
presentingg extensive behavioural and psychiatric problems. 
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Figuree 1. Fluorescence in-situ hybridisation 
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figuree 2 Lancet 2002:359:426-30 

1.33 A (genetic) subtype of schizophrenia? 
Childrenn with VCFS frequently have behavioural problems including poor social 
interaction,, attention and concentration problems, and impulsive behaviour. 
Childhoodd psychiatric disorders including attention deficit disorders, autistic 
spectrumm disorders, anxiety and affective disorders, are highly prevalent in this 
groupp of people but it is not clear if their prevalence is higher than in other people 
withh similar intellectual impairments". In adult life people with VCFS seem to be 
particularlyy at risk for developing psychosis'2. However, the interpretation of the scarce 
literaturee available on the prevalence of psychosis in VCFS. has been complicated by 
methodologicall  issues and reported prevalences range from 10 - 64%12*15. Differences 
inn diagnostic criteria used, small sample sizes, different age ranges used, are all 
possiblee explanations for the discrepancy in results. Besides, longitudinal data and 
suitablee control groups are still lacking. Furthermore, it is not clear to what extent 
thee results are specific to VCFS and 22ql 1 deletion or the consequence of learning 
disabilityy in general, or a combination of both. However, there is now no doubt that 
theree is an association between VCFS and psychosis, because I) there is an increased 
prevalencee of psychosis in the VCFS population compared to the general population; 
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2)2) there is an increased risk of VCFS in the schizophrenia population compared to 
thee general population; 3) there arc suitable candidate genes tor psychosis located on 
22qll  l4. Basset and Chow (1999) have suggested that VCFS related psychosis may 
representt a homogeneous genetic subtype of schizophrenia'.̂ Others, debate if the 
usee of the term schizophrenia is justified in this group eventhough there is no doubt 
thatt psychotic symptoms including hallucinations and delusions are highly prevalent 
inn adults with VCFS!\ In a recent study the psychiatric phenotype between VCFS 
associated-schizophreniaa and non-VCFS associated schizophrenia was compared'*. 
Thee authors concluded that overall the two groups were nearly indistinguishable; the 
onlyy difference was significantly less substance abuse and more impulsive behaviour 
inn the group with VCFS. In this thesis the terms schizophrenia and psychosis will be 
usedd both and the diagnostic classification will not be discussed any further as this 
wass not the objective of the studies presented in this thesis. 

1.44 Brain anatomy and cognitive profil e in children with VCFS 
Thee understanding of brain function and development, similar to investigating other 
neurogeneticc or psychiatric conditions, is a necessary step for our understanding of 
thee cognitive, behavioral, and psychiatric phenotype associated with VCFS, and this 
mayy contribute to our knowledge on the neurobiology of schizophrenia. 
Thee majority of investigations of cognition in VCFS have focused on 
psychoeducationall  profiles and communicative skills in children in order to find 
appropriatee remedial approaches to the needs of this group. The findings indicate 
aa complex pattern of areas of strengths and difficulties. Most investigations have 
focusedd on the VCFS children's abilities in language and academic performance and 
reportt that many children have language abnormalities including immature language 
usage,, poor development of numeric skills and significant impairments in reading 
andd spelling"1 ]l> . Full-scale IQ is generally reported to be in the low-normal to mild 
learningg disability range among school-aged children2". Several studies suggest that 
childrenn with VCFS have higher mean verbal IQ (VIQ) scores compared to mean 
performancee IQ (PIQ) scores, resembling a non-verbal learning disability profile1" 
20-21.20-21. Furthermore, it has been found that VCFS children's mathematical skills are 
moree severely impaired than their abilities in reading and spelling2". Additionally, 
moree specific deficits have been found in attention24, executive function21 and 
sociall  cognition24. Specific impairments in attention, memory and social cognition 
aree also particularly significant as they may be risk factors for the development of 
futuree psychiatric disorder in VCFS individuals. Although the aims are to describe a 
uniquee cognitive profile due to a 22ql 1 deletion one has to acknowledge that as with 
mostt other developmental disorders there are and will invariably be a considerable 
phenotypicc variability within the group, this can be due to origins as varied as 
developmental,, prenatal, familial or experiential factors. Hence, it is important to 
exploree this syndrome in accordance with strict methodologies using appropriate 
tests,, homogenous groups, large sample sizes and suitable control groups. In the 
literaturee there has been a striking lack of suitable control groups matched for IQ, 
andd many investigations have also had ascertainment bias and small sample sizes. 
However,, since the majority of studies of VCFS have been performed in the last 
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yearss this is a relatively new and exciting area to research and the above mentioned 
limitationss have been observed by all authors. Hence, the future will hopefully shed 
moree lights on the complexities of cognition in VCFS and the studies in this thesis 
havee tried to overcome some of the above mentioned obstacles. 

Earlyy neuroimaging reports emphasized qualitative differences in brain structures 
associatedd with VCFS25. In addition to the observation of overall brain and cortical 
atrophy,, a high prevalence of midline defects like small corpus callosum, cavum 
septumm pellucidum or cavum vargae, enlarged ventricules, cysts adjacent to the 
frontall  horns of the ventricles, small posterior fossa and vermal atrophy, and white 
matterr hypcrintensities {WMHIs) have been described^'-*. 

Inn addition, several cases of cortical dysgenesis including uni/bilateral fron to-parietal 
polymicrogyriaa have been reported in children with VCFS-*"". possibly resulting in 
hemiplegiaa and seizures in the most severely affected patient. However, still it 
remainss unclear what the underlying pathogenetic mechanism for VCFS associated 
corticall  dysgenesis is. Abnormal neuronal migration is one proposed explanation, 
butt vascular disruption has also been suggested as a potential mechanism11 u. 
Classificationn of polymicrogyria depends on histological characterization {unlayered 
vs.. four-layered) reflecting early (10-18"1 week of gestation) or later (13-24lh week of 
gestation)) developmental disorder1-. 

Onlyy few studies have investigated quantitative volumetric changes in children and 
adolescentss with VCFS. The first study published-'1 reported that children with VCFS 
experience:: 1) a decrease in overall brain volume due to diminution in volumes of 
bothh cerebral grey and white matter; 2) a relative enlargement of the frontal lobe after 
adjustingg for total brain volume. 3) a decrease in tissue volume in the left parietal lobe 
primarilyy attributable to disproportionate reduction of grey matter in this region, 4) a 
decreasee in right cerebellar tissue volume due to a disproportionate reduction in white 
matterr for this area. Another group found white matter reduction in the posterior 
brainn regions (parietal and occipital lobes) and VCFS compared to controls-7. Kates 
ett al. also observed an association between full-scale IQ and total cerebral tissue in 
bothh groups which emphasizes the importance for using IQ matched control groups 
inn neuroimaging studies something which both groups failed to do. 

Thusfarr our knowledge on brain function and development in VCFS is based on 
relativelyy few studies that have been carried out in children and adolescents. The 
literaturee suggests that specific cognitive impairments and structural brain anomalies 
aree present in children and adolescents with VCFS. To what extent these play a role 
inn the development of psychosis in adulthood in this population is not yet known as 
longitudinall  data and studies in adults with VCFS are lacking. 

1.55 Objectives and methods 
'Whatt can we learn from VCFS on the aetiology and pathogenesis of psychosis?', 

wass the main rationale behind the studies described in this thesis. More specifically 
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wee wished to explore the neuropsychological and anatomical correlates that are 
associatedd with a chromosome 22ql 1 deletion and how these could be affected by the 
presencee of psychosis. To study the neuropsychological profile in adults with VCFS 
wee used a comprehensive test battery that was considered suitable for a population 
withh learning disability. The battery was chosen in such a manner that it would not 
takee too much time, in other words a battery that would be realistic to carry out in 
aa learning disabled population. On the other hand, intellectual ability, visuospatial 
function,, memory, executive function and attention were the cognitive domains we 
wishedd to include in the test battery. We tested adults with VCFS, and a control group 
off  similar intellectual ability (chapter 3). Subsequently we compared psychotic and 
non-psychoticc individuals with VCFS (chapter 5). 

Too study brain anatomy we used magnetic resonance imaging (MRI) using a GE 
1.55 Tesla (indicating the strength of the magnetic field) scanner. Clinical MRI relies 
onn the capacity of most organic tissue, when placed into a magnetic field, to absorb 
energyy from an external source (e.g. radio waves) and then re-emit this energy, 
too be picked up as a radio wave signal1N3^. Magnetic Resonance Imaging allows 
thee delineation of brain images into grey and white matter. The comparison of in 
vivovivo MRI scans of healthy volunteers and patient populations is essential for the 
investigationn of normal and abnormal brain development. The separation of grey and 
whitee matter is important, since these two tissue-classes are unique and differ in brain 
diseases.. For example: grey matter reduction has been described in schizophrenia w 

andd Alzheimer's disease41, whereas white matter integrity is an important indicator 
forr normal brain maturation42. Grey matter consists of non-myelinated neuronal cell 
bodiess and glia. In contrast, white matter is mostly made up of myelinated axons and 
axonn fibers. Tl and T2 weighted MRI images differentiate between grey and white 
matterr on the basis of image contrast through variation in voxel intensity. Thus, the 
interfacee between grey and white matter regions is complex. We used two methods 
off  quantitative analysis in the studies described in chapter 2 and chapter 5 of this 
thesis.. The first method gives total and regional brain (grey + white matter) volumes 
forr each individual study subject by manually tracing regions of interest. The volume 
off  each region is then calculated by multiplying the summed pixel cross-sectional 
areass by slice thickness. This method is very time consuming and requires good 
intra-- and interrater reliability. The second method we used is called voxel based 
morphometryy (VBM) which uses a simple statistical comparison of grey and white 
matterr partitions following a segmentation algorithm based on the general linear 
modell  (GLM). VBM of MRI images involves the following four computational 
steps: : 

a)) normalizing all MRI images to the same stereo-tactic spaced using a template 
(providedd by the Montreal Neurological Institute (MNI)), 

b)) extracting grey matter, white matter and cerebrospinal fluid (CSF) from the image 
byy segmentation algorithms. 

c)) smoothing the images with a Gaussian kernel filter and 
d)d) performing a statistical analysis of group differences in grey and white matter and 

CSF. . 
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Thee study described in chapter  4 employs functional MRI to investigate 
neurobiologicall  correlates of social dysfunction in the VCFS population. Functional 
MRII  is a novel neuro-imaging method, relying on the principles of MRI , which allows 
forr non-invasive investigation of brain activity. Functional MRI  relies on a naturally 
occurringg contrast agent to visualise variation in blood oxygenation patterns in the 
brain,, elicited by haemodynamic changes. This has led to the in vivo observation of 
brainn activation during behavioural and cognitive tasks. In this study a task of facial 
emotionall  processing (previously used in people with autistic disorders) is used as an 
indirectt marker for social cognition. 
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ABSTRACT T 
Background::  Velo-cardio-facial syndrome (VCFS) is associated with deletions in 
thee qll band of chromosome 22, learning disability (LD) and psychosis, but the 
neurobiologicall  basis for this poorly understood. 
Aims:: To investigate brain anatomy in VCFS adults. 
Methods::  Magnetic Resonance Imaging was used to study 10 VCFS people and 13 
matchedd controls. We carried out 3 analyses; 1) qualitative, 2) traced regional brain 
volume;; and 3) measurement of grey and white matter volume. 
Results::  VCFS people had; i ) a high prevalence of white matter hyperintensities and 
abnormalitiess of septum pellucidum; ii) a significantly smaller volume of cerebellum; 
iii )) widespread differences in white matter bilaterally and regional specific differences 
inn grey matter in left cerebellum, insula, frontal and right temporal lobe. 
Conclusions:: Deletion at chromosome 22ql 1 is associated with brain abnormalities 
thatt are most likely neurodevelopmental and may partially explain the high 
prevalencee of LD and psychiatric disorder in VCFS. 
Declarationn of interest: This study was partially funded by the Theodore and Vada 
Stanleyy Foundation, and the Medical Research Council. 
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INTRODUCTION N 
Velo-cardio-faciall  syndrome (VCFS) is a common genetic disorder associated with 
variablyy sized deletions at chromosome 22qll (Scambler, 1992), Characteristic 
physicall  features include cleft lip and / or palate, conotruncal heart defects, ear 
anomalies,, and characteristic facial features such as a prominent nasal bridge 
(Shprintzen,, 1978). Neurodevelopmental abnormalities include dysarthric speech 
andd ocular abnormalities, learning disability (LD), behavioural problems {including 
attentionall  difficulties and poor social interaction), visuoperceptual-spatial deficits 
(Mansour,, 1987, Golding-Kushner, 1985, Swillen, 1997), and a high prevalence 
off  psychosis (10%-30%) (Shprintzen, 1992, Pulver, 1994, Papolos, 1996, Murphy, 
1999).. However, brain anatomy of people with VCFS is poorly understood. 

Qualitativee neuroimaging studies in VCFS reported cerebellar atrophy, agenesis 
off  the corpus callosum, white matter hyperintensities (WMHIs), cavum septum 
pellucidum/vergae.. and cerebral atrophy (Mitnick, 1994, Lynch, 1995, Chow, 1999). 
Inn addition, quantitative studies reported that people with VCFS have a reduced 
volumee of total brain, left parietal lobe grey matter, and right cerebellar white matter 
butt relatively larger frontal lobes, increased mid-sagittal corpus callosum areas, and 
enlargedd Sylvian fissures (Bingham, 1997, Usiskin, 1999, Eliez, 2000). However, 
thesee studies did not control for IQ, and with one exception {Chow, 1999) were all 
performedd in children. Thus we used volumetric magnetic resonance imaging (MRI) 
too determine if deletion of chromosome 22qll is associated with abnormalities in 
brainn anatomy in adults with VCFS compared to controls of similar IQ, age, sex and 
socio-economicc status (SES). We hypothesized that deletion of chromosome 22ql 1 
iss associated with specific abnormalities in brain anatomy. 

SUBJECTSS AND METHODS 
Subjects: : 
Approvall  for the study was granted by the local ethics committee, and all subjects 
gavee written informed consent after the procedure was fully explained. All VCFS and 
controll  subjects were screened for medical conditions affecting brain function using 
aa semi-structured clinical interview. Also, a semi-structured psychiatric interview 
wass performed (Schedules for Clinical Assessment in Neuropsychiatry) (Wing. 
1990)) to establish a DSM-IV (American Psychiatric Association, 1994) diagnosis 
usingg a methodology described elsewhere (Murphy, 1999). Full scale intelligence 
(FSIQ)) was measured using a shortened version of the Wechsler Adult Intelligence 
Scalee - Revised (Wechsler, 1987). We included ten subjects (7 females / 3 males) 
withh clinical features of VCFS and a 22ql 1 deletion detected by fluorescence in situ 
hybridisationn (FISH) (Oncor Ine, Gaishersburg, MD 20877, USA). The mean age of 
thee subject sample was 32 years (SD 9) with a mean FSIQ of 72 (SD 10), and mean 
SESS of 2.8 (SD 1.3). Five people with VCFS were free of mental illness; three met 
DSM-IVV criteria for schizophrenia and two for major depression. 

Thirteenn control subjects (8 females / 5 males) were recruited from local community 
centress for people with mild or borderline learning disabilities. The mean age of the 
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controll  sample was 37 years (SD 10) with a mean FSIQ 72 (SD 12), and mean SES 
off  2.5 (SD 0.5). A deletion at chromosome 22ql 1 was excluded by FISH. Seven 
controll  subjects were free of mental illness, two met criteria for schizophrenia, two 
forr major depression and two for dysthymia. 

MRR imaging: 
Magneticc resonance imaging (MRJ) of the brain was performed on a GE Signa 1.5 
Teslaa system (General Electric, Milwaukee WI, USA) at the Maudsley Hospital 
London,, UK. A coronal three dimensional spoiled grass (SPGR) data set covering 
thee whole head was acquired with repetition time (TR) = 13.8 ms, echotime (TE) = 
2.88 ms, flip angle = 20°, 1.5mm slice thickness, 1 acquisition per phase encode step, 
floww compensation (10 mins). The matrix was 256 x 192 and the field of view was 
222 cm giving an in-plane resolution of 0.859mm. This dataset was used to measure 
wholee and regional brain volumes. In addition, we acquired a whole brain near axial 
duall  - echo fast spin-echo (FSE) data set aligned with the AC-PC line, with a TR = 
4000ms.. effective TE ~ 20 and 85ms, 3mm slice thickness, interleaved slices, flow 
compensation,, and echo train length = 8 (8 mins). The matrix was 256 x 192 and the 
fieldfield of view was 22 cm giving an in-plane resolution of 0.859mm. This dataset was 
usedd to estimate between-group grey and white matter differences using a previously 
publishedd methodology (Suckling, 1999). 

Threee types of analysis were performed; all blind to subject group status. Firstly both 
MRII  datasets were analyzed qualitatively by a neuroradiologist. Using a four point 
ratingg scale adopted from Kochazuk (1990), the presence and extent of ventricular 
WHMIss was assessed as follows: grade 0 = ventricular WMHls absent; grade 1 = 
frontalfrontal or occipital caps or pencil thin lining of the lateral ventricle; grade 2 = smooth 
haloo surrounding the lateral ventricles; and grade 3 = irregular ventricular WMHIs 
extendingg into the deep white matter. Deep WMHIs were graded as follows: grade 
00 = absent; grade 1 = punctuate foci either focal or symmetrical; grade 2 = mild 
confluencee of foci; and grade 3 = large confluence of foci. Peripheral WMHIs were 
gradedd similarly to deep WMHI. Structural abnormalities in cerebellum and septum 
pellucidumm were noted. 

Secondly,, volumetric analysis of total and regional brain areas was performed. The 
reformattedd SPGR dataset was analysed using Measure software (Barta, 1997). 
Total,, right, and left caudate, putamen, hippocampus, amygdala, frontal, occipito-
parietal,, and temporal lobe, cerebral hemispheres, and ventricular and peripheral 
cerebrospinall  fluid (CSF) volume were traced using a previously described method 
(Murphy,, 1992, Murphy, 1993, Murphy, 1993). The volume of each region was 
calculatedd by multiplying the summed pixel cross-sectional areas by slice thickness. 
Intra-raterr and inter-rater reliabilities were determined for all brain regions of interest 
(ROIs)) traced by the operators as part of this analysis. Highly significant inter-rater 
andd intra-rater reliabilities were obtained in all cases. The inter-rater correlation 
coefficientss were F>4.0 and p<0.01 (Bartko, 1986). 
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Thee third analysis we employed was a voxel based method for the statistical analysis of 
greyy and white matter differences. The FSE dataset was analysed using an automated 
softwaree procedure. Voxels representing intracerebral tissue were identified using a 
sett of linear scale-space features obtained from derivatives of the Gaussian kernel 
(Suckling,, 1998). The probability of each intracerebral voxel belonging to each of 
fourr possible tissue classes (grey matter, white matter, CSF. or dura/vasculature) was 
thenn estimated by a modified fuzzy clustering algorithm (Suckling, 1999). Based 
onn prior results, we equated these probabilities to the proportional volumes of each 
tissuee class in the often heterogeneous volume of tissue represented by each voxel 
(Bullmore,, 1995). So, for example if the probability of grey matter class membership 
wass 0.8 for a given voxel, it was assumed that 80% of the tissue represented by that 
voxell  was grey matter. As the voxel size was predetermined (2.2 mm3), we then 
estimatedd the volume in millilitre s of grey matter, white matter and CSF in each 
voxel.. Summing these voxel tissue class volumes over all intracerebral voxels 
yieldedd global tissue class volumes. 
Too allow estimation of between-group differences at each intracerebral voxel, the 
shortt echo (proton density weighted) FSE images were co-registered using an affine 
transformationn (Press, 1992, Brammer, 1997) with a template image in the coordinate 
systemm of standard space as defined by Talairach and Tournoux (Talairach, 1988). 
Thiss individually estimated transformation was then applied to each of that subject's 
greyy and white tissue probability maps. 

Statistics: : 
AnalysisAnalysis 1 (qualitative data): 

Groupp differences in frequencies of structural abnormalities were assessed using 
aa Chi-Square test, whereas between group differences in extent of WMHls were 
assessedd using a two-tailed independent sample / test, with level of significance for 
bothh tests at p< 0.05. 

AnalysisAnalysis 2 (SPGR data): 
Betweenn group differences in total and regional brain volumes were calculated 
usingg analysis of covariance (ANCOVA) using age, 1Q, and total intracranial 
volumee as covariates with a significance level at p < 0.05. 

AnalysisAnalysis 3 (FSE data): 
Inferencee of between group differences of grey and white matter probability maps 
wass made with ANCOVA implemented by voxelwise linear regression. The model 
includedd covariates for age and sex. A test statistic was derived from clusters of 
spatiallyy contiguous voxels significant at a probability threshold of p < 0.05. The 
probabilityy of significance of the clusters was determined using a randomisation 
proceduree (Bullmore, 1999). The level of significance was set at p < 0.001 giving 
ann estimated number of false positive or type I error clusters of < 1 across the 3-
dimensionall  image volume. 
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RESULTS S 
Qualitativ ee (radiological) findings 
Cavumm septum pellucidum / vergae was more common in people with VCFS 
(40%)) than in controls (9%) (Table 1), although this difference was not statistically 
significant.. Similarly, ventricular, deep, and peripheral WMHIs were observed more 
frequentlyy (though not significantly so), in people with VCFS (respectively 40, 30, 
andd 40%) than controls (respectively 18. 18, and 27%). The mean ratings for severity 
alsoo did not differ significantly between groups. 

Structur e e 

Cavumm septum pellucidum/vergae 

Smalll  / abnormal cerebellar  vermis 

Ventricularr  WMH 1 (n) 

DeepWMHI(n ) ) 

Peripherall  WMHI(n ) 

Meann rating ventricular  WMH I (SD) 

Meann rating deep WMH I (SD) 

Meann peripheral WMH I (SD) 

VCFSS (n=I0) 

4 4 

0 0 

4 4 

3 3 

4 4 

0.44 (0.5) 

0.55 (1.0) 

0.7(1.0) ) 

Controlss (n=lt ) 

' ' 

0 0 

2 2 

2 2 

3 3 

0.22 (0.4) 

00 J (0.6) 

0.44 (0.7) 

Tablee 1. Qualitative (radiological) findings 

Brainn volumes 
Theree were no significant group differences in total brain volume (F = 0.4, df= 1,22, 
pp = 0.6), though total intracranial volume tended to be smaller in people with VCFS 
(FF = 3.8, df = 1, 22, p = 0.07). However, compared to controls people with VCFS 
hadd a significantly smaller volume of cerebellum (F = 16.0, df = 1, 22, p = 0.001) 
(Tablee 2). No significant between group differences were found in volume of any 
otherr brain region or CSF. 
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Tablee 2. Total and regional brain volumes. Values are group means (SD), 
***  = p<0.01 

Brainn Structure 

Hemispheres s 

Total l 

Left t 

Right t 

Frontall  Lobe 

Total l 

Left t 

Right t 

Occipitoparietall  Lobe 

Total l 

Lett t 

Right t 

Temporall  Lobe 

Total l 

Lett t 

Right t 

Hippocampus s 

Total l 

Left t 

Right t 

Amygdala a 

Total l 

Left t 

Right t 

Putamen n 

Total l 

Left t 

Right t 

Caudate e 

Total l 

Left t 

Right t 

Laterall  ventricle 

Total l 

Left t 

Right t 

Thir dd ventricle 

Peripherall  CSF 

Cerebellum m 

VCFSS (n=10) 

975.67(114.60) ) 

482.14(51.35) ) 

487.09(61.89) ) 

485.63(54.23) ) 

238.988 (26.90) 

245.73(29.33) ) 

361.79(54.46) ) 

182.57(27.18) ) 

179.20(28.71) ) 

130.59(19.21) ) 

63.888 (9.60) 

66.72(10.28) ) 

4.988 (0.92) 

2.333 (0.43) 

2.65(0.53) ) 

4.09(0.61) ) 

2.04(0.37) ) 

2.055 (0.30) 

6.900 (0.80) 

3.46(0.42) ) 

3.455 (0.43) 

8.32(1.03) ) 

4.13(5.04) ) 

4.211 (0.54) 

14.76(4.96) ) 

7.288 (2.63) 

7.499 (2.63) 

0.588 (0.45) 

132.73(29.03) ) 

109.79(12.48) ) 

Controlss (n=13) 

1045.68(99.45) ) 

517.33(48.40) ) 

525.39(51.89) ) 

519.111 (58.86) 

253.09(25.10) ) 

263.46(36.81) ) 

386.48(41.49) ) 

190.86(24.32) ) 

194.711 (18.53) 

140.80(14.73) ) 

70.488 (6.29) 

70.322 (9.36) 

5.333 (0.82) 

2.533 (0.45) 

2.977 (0.52) 

4.14(0.40) ) 

1.98(0.26) ) 

2,16(0.28) ) 

7.86(1.37) ) 

4.055 (0.69) 

3.811 (0.75) 

8.26(1.12) ) 

4.10(0.47) ) 

4.16(0.72) ) 

20.04(12.04) ) 

10.9(6.37) ) 

9.22(6.13) ) 

0.86(0.64) ) 

131.26(43.19) ) 

127.74(11.95) ) 

P-value e 

0.56 6 

0.50 0 

0.30 0 

0.80 0 

0.79 9 

0.57 7 

0.89 9 

0.33 3 

0.44 4 

0.78 8 

0.13 3 

0.42 2 

0.69 9 

0.90 0 

0.52 2 

0.68 8 

0.41 1 

0.85 5 

0.15 5 

0.08 8 

0.33 3 

0.77 7 

0.99 9 

0.62 2 

0.74 4 

0.66 6 

0.84 4 

0.54 4 

0.10 0 

0.001** * 
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Tissuee class volumes 
Totall  brain grey and white matter, and CSF volumes were non-significantly smaller 
inn people with VCFS by 5, 9, and 4% respectively (Table 3) 

Tablee 3. Volume of whole brain grey and white matter  and cerebrospinal fluid 
(ml).. Values are group means (SD)? df=21 

Totall grey matter 

Totall white matter 

Totall CSF 

Totall combined grey matter 
deficitt regions 

Totall combined white matter 
deficitt regions 

VCFS S 

<n=10) ) 

5499 (90) 

5800 (69) 

154(43) ) 

3.55 (0.9) 

111 (0.8) 

Controls s 

(n=U) ) 

575(66) ) 

634(92) ) 

161(36) ) 

4.88 (0.6) 

16(0.8) ) 

t t 

-.8 8 

-1.6 6 

-.4 4 

-4.2 2 

-15.5 5 

p-- value 

0.4 4 

0.1 1 

0.7 7 

0.0001 1 

0.0001 1 

Regionall  differences in grey matter  volume 
Theree was a significant difference between control and VCFS groups in grey matter 
volumee at four spatially extensive 3D voxel clusters. Two voxel clusters had a 
significantlyy reduced grey matter volume in the VCFS group, a cerebellar cluster 
(left),, and a temporal cluster (extending from right uncus to superior temporal gyrus, 
andd parahippocampal gyms). In contrast, two voxel clusters showed relatively 
increasedd grey matter volume in the VCFS group: a temporal cluster (extending from 
leftt insula to superior and trans temporal gyrus), and a frontal cluster (extending from 
leftt median gyrus to medial and superior frontal gyms) (Table 4, Figure 1). 
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Figuree 1. Relative deficits (yellow) and excesses (blue) in grey matter volume 
inn VCFS compared to controls. The maps are orientated with the right side of 
thee brain shown on the left side of each panel. The z coordinate for each row 
off  axial slices in the standard space of Talairach & Tournoux (1988) is given in 
millimetres. . 
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Tablee 4. Regional differences in grey and white matter  volume 

Locationn of each cluster's centroid is given in Talaraich co-ordinates (x, y, and 
zz mm), N= number  of voxels in each cluster. The cluster-wise probabilit y is 
p=0.001 1 

Cerebrall  region 

Greyy matter 

Cerebellum m 

Tempora)) lobe 

Insula a 

Frontall  lobe 

Whit ee matter 

Occipital,, optic radiation 

Frontal l 

FLl.. optic radiation 

FLS S 

FLS S 

Frontal l 

Corpuss callosum 

N N 

Deficit t 

1939 9 

1402 2 

Excess s 

1943 3 

1324 4 

Deficit t 

3960 0 

1702 2 

1364 4 

1352 2 

1253 3 

1157 7 

Excess s 

6909 9 

Tall  (X) 

-27.3 3 

34.3 3 

-39,4 4 

-21.4 4 

-5.7 7 

-20.8 8 

-43.0 0 

32.8 8 

-38.5 5 

14.5 5 

-4.0 0 

Tall  (Y) 

-65.1 1 

10.2 2 

-13.3 3 

52.7 7 

-63.2 2 

49.5 5 

-26.4 4 

-30.8 8 

-21,0 0 

50.2 2 

-39.5 5 

Tall  (Z) 

-19.4 4 

-19.5 5 

0.9 9 

3.6 6 

24.5 5 

-0.3 3 

9.3 3 

36.0 0 

34.6 6 

6.1 1 

20.6 6 

Side e 

L L 

R R 

L L 

L L 

L L 

L L 

L L 

R R 

L L 

R R 

L L 

Thee mean between-group difference in grey matter volume for the combined deficit 
regionss was 27 % (r = -4.2, df = 21, p = 0.0001), and for the combined excess regions 
wass 30 % (/ = 10.9, df = 21, p = 0.0001). 

Regionall  differences in white matter  volume 
Theree was a significant difference in white matter volume between the VCFS and 
controll  groups at seven extensive 3D clusters. People with VCFS had reduced white 
matterr volume in six voxel clusters: i) two involved median, superior and medial 
frontall  regions bilaterally, ii) two included fasciculus longitudinalis superior (FLS) 
bilaterallyy - extending to temporo-parietal regions, in) one involved left fasciculus 
longitudinaliss inferior (FLI) and optic radiation, and extended to left superior 
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Figuree 2. Relative deficits (yellow) and excess (blue) in white matter  volume 
inn VCFS compared to controls. The maps are orientated with the right side of 
thee brain shown on the left side of each panel. The z coordinate for  each row 
off  axial slices in the standard space of Talairach &  Tournoux (1988) is given in 
millimetres. . 

temporall  regions, and iv) the largest cluster extended from left optic radiation 
bilaterallyy to occipital regions.In contrast one white matter voxel cluster had a 
relativelyy increased volume in VCFS people: it extended from splenium of corpus 
callosumm bilaterally to optic radiation, posterior cingulatc. and parahippocampal 
regionss (Table 4, Figure 2). 
Thee mean between-group difference in white matter volume for the combined deficit 
regionss was 33 % (/ = -15.5. df = 21, p = 0.0001) and for the excess in white matter 
volumee 29 %( /= 7.7, df = 21. p = 0.0001). 

DISCUSSION N 
Wee found that adults with a deletion at chromosome 22q 11 have abnormalities m 
brainn anatomy. To our knowledge, this is the first quantitative neuroimaging study 
too explore this by using controls from a similar intellectual and socio-economic 
background. . 
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Qualitativ ee analysis 
Inn our qualitative analysis, we found that abnormalities of septum pellucidum and 
(deep,, ventricular, and peripheral) WMHIs were (non significantly) more often 
presentt in people with VCFS. and this is in agreement with observations from others 
(Mitnick,, 1994, Chow, 1999, Vataja, 1998), Although their aetiology is not fully 
understoodd WMHIs may reflect abnormalities in myelination and increased white 
matterr water content (Kozachuk, 1990) and have been described in otherwise-healthy 
peoplee with cardiovascular anomalies. VCFS is also associated with cardiovascular 
malformationss (Chow 1999, Sprintzen, 1997, Goldberg, 1993) and therefore 
developmentt of white matter may be particularly affected in VCFS - possibly 
secondaryy to cardiovascular abnormalities affecting brain development in addition to 
geneticallyy determined neurodevelopmental abnormalities. The clinical significance 
off  septum pellucidum abnormalities is not clear but they are probably caused by a 
disturbancee of midline brain development or maturation (Schaefer, 1999). 

Quantitativ ee analysis 
Inn contrast to previous studies (Mitnick, 1994, Lynch, 1995) we did not find 
qualitativee cerebellar abnormalities in people with VCFS, although our quantitative 
analysiss revealed a significantly smaller cerebellum in people with VCFS compared 
too the controls. Traditionally the cerebellum has been associated with co-ordination 
off  movement, however recently attention has been drawn to cerebellar involvement 
inn cognitive processing - possibly via neural circuits that link prefrontal, posterior 
parietal,, and limbic cortices (Shahmann, 1998). These brain regions are important 
forr planning, problem solving, and visuospatial processing; cognitive domains we 
havee reported as affected in people with VCFS (Henry, 2000). Thus, cerebellar 
abnormalitiess may contribute to the deficits in planning, problem solving and 
visuospatiall  processing exhibited by people with VCFS. 

Inn addition, we found widespread loss of white matter - extending bilaterally in 
frontal,, temporal, and occipito-parietal regions. This is in agreement with a recent 
studyy in VCFS children (Kates, 2000). although their findings were more pronounced 
inn posterior brain regions. Taken together, these results suggest that the cognitive 
phenotypee in VCFS (i.e. a generalised decrement in cognitive ability, but with 
particularr deficits in visuoperceptual-spatial function, mathematics, problem solving, 
planning,, and abstract thinking (Henry, 2000, Golding-Kushner, 1985, Swillen, 1997, 
Vataja,, 1998, Goldberg, 1993), may be associated with widespread abnormalities in 
whitee matter - but with greater abnormalities in development and connectivity of 
brainn regions implicated in these higher cognitive functions. 

Inn contrast to the study by Eliez and colleagues (2000) of VCFS children, we did not 
findd differences in total volume of frontal lobes in adults with VCFS. However we 
didd find differences in frontal grey and white matter volume. Thus VCFS people 
mayy have a relatively delayed frontal lobe maturation (Giedd, 1999, Sowell, 1999), 
whichh is detectable as differences in total frontal volume in childhood, but which 
subsequentlyy normalizes somewhat in adulthood, albeit with subtle differences in 
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tissuee composition remaining. In addition, others have noted a smaller total brain 
volumee in children (Eliez, 2000) with VCFS, and cerebral atrophy in adults with 
VCFSS (Chow, 1999). We found a trend towards smaller intracranial volume in VCFS 
adults,, but no gross cortical atrophy. 

Neurodevelopmentall  or  neurochemical? 
Thee neurobiological basis for the high rates of LD and psychosis in people with 
VCFSS is poorly understood, but may include genetically determined abnormalities 
inn brain structure and function - resulting from hemizygosity for a gene or genes 
att chromosome at 22qll. Many investigators favour the view that schizophrenia 
iss a neurodevelopmental disorder, as individuals with schizophrenia have an 
increasedd frequency of minor physical anomalies (including mid-facial anomalies) 
{Murphy,, 1996), and midline brain anomalies such as cavum septum pellucidum, 
andd hypoplastic vermis (Lewis, 1985, Martin, 1995). These abnormalities are also 
presentt in people with VCFS (Mitnick, 1994, Lynch, 1995, Chow, 1999, Vataja, 
1998).. In addition, we found disproportionate excess of white matter in the posterior 
regionn of corpus callosum, a midline brain structure reported to be affected in 
psychosiss (Pearlson, 1999), and people with LD (Scheafer, 1999), and possibly 
reflectingg abnormal myelination and / or abnormal interhemisphere connectivity with 
subsequentt differences in brain structure and function. Moreover, in VCFS defective 
developmentt and migration of neural crest cells may play a significant role in the 
pathogenesiss of mid-facial, cranial and cardiac abnormalities (Scambler, 1992), and 
disruptionn in neural cell migration may therefore be a common neurodevelopmental 
mechanismm in VCFS, its cognitive profile, and psychosis (Chow, 1994). While the 
geneticc basis for this is not yet understood, there are several neurodevelopmental 
candidatee genes, which map to chromosome 22q 11 (Demczuk, 1996, Demczuk, 1995, 
Wilmingg 1997, Yamagishi, 1999). Consequently, haploinsufficiency of one or more 
neurodevelopmentall  candidate genes (possibly by disrupting neural cell migration) 
mayy explain the high prevalence of LD and psychosis seen in people with VCFS. 
Ourr findings provide evidence that people with a 22q 11 deletion have disrupted brain 
developmentt (which may involve abnormal neural crest cell migration), and this 
mightt explain the cognitive profile, ocular abnormalities, and cognitive phenotype of 
peoplee with a deletion at 22ql I (Mansour, 1987, Kerstjens-Frederikse, 1999). 

Disturbancess in catecholamine neurotransmission have also been implicated in the 
aetiologyy of psychotic disorders, and offer an alternative explanation for the high 
ratess of psychosis in people with VCFS. The gene for catechol-O-methyltransferase 
(COMT),, an enzyme involved in the degradation of dopamine, maps to chromosome 
22qll.. An amino acid polymorphism (val-108-met) determines high and low 
activityy of this enzyme (Lachman, 1996). It has been hypothesised that individuals 
withh 22qll deletion and who are hemizygous for COMT, as well as carrying a 
low-activityy allele on their non-deleted chromosome may be predisposed to the 
developmentt of psychosis in VCFS (Dunham, 1992). However, we recently found 
noo association between the low activity COMT allele and the presence of psychosis 
inn people with VCFS (Murphy, 1999). Consequently, our findings suggest that the 
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neurobiologyy for the psychosis observed in VCFS may be more neurodevelopmental 
thann neurochemical in origin. 

Limitation ss and advantages of the study 
Ourr control group consisted of people with borderline intellectual functioning, 
ourr study was relatively small, and we carried out multiple statistical comparisons 
(therebyy increasing the risk of a type 1 error). It is not generally agreed as to which 
iss the 'best' control group to use when studying people with genetically determined 
neurodevelopmentall  disorders. Disadvantages of using a borderline LD control group 
includee their relative population heterogeneity, including people with genetically 
andd environmentally determined causes of cognitive impairment which we did not 
detectt using our screening techniques, and they are not representative of the healthy 
population.. Advantages of asking them to volunteer as controls include ability to 
matchh on IQ (intellectual functioning is related to brain volume (Andreasen, 1993. 
Reiss,, 1996, Scheafer, 1999)), and to attempt to control for clinically undetected 
birthh trauma (because people with genetically determined LD also have an increased 
ratee of birth trauma) - which affects brain anatomy and cognitive function (Stewart. 
1999).. We included controls suffering from similar psychiatric disorders, and there 
weree no significant between-group differences in age, IQ, sex, or SES, and so the 
differencess we found in brain anatomy are likely to be associated with a deletion at 
chromosomee 22qll. 

Inn conclusion, to our knowledge this is the first study to use quantitative MRI in 
adultss with VCFS. Our results, although preliminary, demonstrate that people with a 
deletionn at chromosome 22ql 1, when compared to people with a similar intellectual 
level,, have differences in brain anatomy, affecting; 1) midline structures such as 
septumm pellucidum and corpus callosum; 2) cerebellum; 3) widespread areas of white 
matter;; and 4) grey matter in temporal and left frontal regions. These abnormalities 
mostt likely reflect abnormal early brain development, and may partially explain the 
cognitivee profile and neuropsychiatric problems seen in people with VCFS. Future, 
largerr studies are planned to investigate how these brain abnormalities are associated 
withh cognitive dysfunction and development of psychosis in VCFS. 

Clinicall  implications 
 Chromosome 22ql 1 deletion is associated with differences in brain anatomy 
 This may underlie the cognitive phenotype of people with VCFS 
 Will increase our understanding of neurobiology of psychosis 

Limitation s s 
 Small sample size 
 Some subjects in both groups had co-morbid psychiatric disorder 
 Control group is not representative of general population 
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Wee thank Eliez & Blasey (2001) for their kind comments about our paper (van 
Amelsvoortt etal, 2001). However, we disagree that our paper implied that Eliez et al. 
(2000)) reported relatively smaller frontal lobe volumes and would like to draw their 
attentionn to the following. Normal brain maturation is accompanied by a reduction 
inn cortical grey matter volume and an increase in white matter volume. Myelination 
typicallyy progresses from posterior to anterior brain regions and occurs relatively 
latee in frontal regions (where it continues into adulthood). Also, the maturational 
processs from adolescence into adulthood is associated with a net volume reduction 
inn frontal regions (Giedd et al. 1999: Sowell et al, 1999). and not a volume increase 
ass Eliez & Blasey (2001) suggest. Consequently, we interpreted the relatively larger 
frontall  lobe volumes found by Eliez et al (2000) in children and adolescents with 
velo-cardio-faciall  syndrome (VCFS) as compared with controls as possibly being 
causedd by a relative delay in onset of 'maturationaP grey matter reduction in VCFS. 
Ourr finding of a regional increase in volume of frontal grey matter and decrease in 
frontall  white matter, in the absence of a difference in total frontal lobe (grey and 
whitee matter) volume, supports this interpretation and suggests that subtle differences 
inn tissue composition occur which may reflect a delay in maturational processes (van 
Amelsvoortt et al, 2001). Moreover, white matter abnormalities have been reported 
inn VCFS and abnormal myelination could partially explain the abnormal, or delayed, 
maturationall  process. Future studies using longitudinal designs across this age span, 
andd newer techniques such as diffusion tensor imaging, should be able to address this 
issue. . 
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ABSTRACT T 
Velo-cardio-faciall  syndrome (VCFS) is associated with deletions on the long arm 
off  chromosome 22, mild intellectual disability, poor social interaction and a high 
prevalencee of psychosis. However, to date there have been no studies investigating 
thee neuropsychological functioning of adults with VCFS. 
Methods::  We compared 19 adults with VCFS with 19 age, gender and IQ matched 
controlss using a comprehensive neuropsychological battery. 
Results::  Compared to controls, adults with VCFS had significant impairments in 
visuoperceptuall  ability (Visual Object and Space Perception Battery), problem solving 
andd planning (Tower of London) and abstract and social thinking (Comprehension 
WAIS-R). . 
Conclusions::  It is likely that haploinsufficiency (reduced gene dosage) of a 
neurodevelopmentall  gene or genes mapping to chromosome 22q 11 underlies the 
cognitivee deficits observed in individuals with VCFS. 

Keyy Words: Velo-cardio-facial syndrome (VCFS); cognitive ability; visuoperceptual 
ability;; executive function; brain development. 
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INTRODUCTION N 
Velo-cardio-faciall  syndrome (VCFS), a relatively common genetic syndrome 
(occurringg in approximately 1:4000 live births) is associated with deletions on the 
longg arm of chromosome 22 [7, 32, 26], The clinical phenotype is variable but cleft 
palate,, cardiac anomalies, a typical facial appearance and intellectual disabilities are the 
mostt common features [30,11], Behavioural characteristics include social withdrawal, 
shynesss and impulsivity with poor attention and concentration [9]. Furthermore, 
childrenn with VCFS score higher on measures of anxiety and depression compared to 
childrenn in the general population [32]. Recently attention has also focused on VCFS 
becausee it is associated with a high prevalence of neuropsychiatric disorders, including 
schizophreniaa in adolescence and adulthood [23, 24, 31]. 
Intellectuall  disability has been reported as one of the major features of VCFS. Thus 
far,, research has focused largely on children with VCFS and the majority are reported 
too have mild intellectual disabilities (ranging from moderate through to average 
ability)) [9. 32]. To date the most consistent finding from the child and adolescent 
literaturee is the discrepancy between Verbal and Performance IQ on tests of general 
intellectuall  functioning. Several studies have reported differences between Verbal and 
Performancee IQ, indicating superior verbal skills [8,32], It has been postulated that this 
discrepancyy is related to a combination of impairments in visuospatial ability, planning 
ability,, non-verbal reasoning, and deficits in novel reasoning and concept formation 
[8],, However, these conclusions have been made based on the administration of tests 
off  general intellectual functioning in children without comparison to an IQ matched 
controll  group. Furthermore, it remains unclear whether these findings are specific 
too children (i.e. are these deficits are also present in adults?) or VCFS (i.e. are these 
deficitss associated with lower levels of intellectual ability?). Moreover, other cognitive 
domainss such as memory and executive functioning have not yet been studied in VCFS 
duee to the focus on developmental and attainment issues. 

Untill  recently little was known about the neurobiology underlying neuropsychological 
deficitss and psychiatric disorders associated with VCFS. Most structural neuroimaging 
studiess have been qualitative whilst the few quantitative studies having been carried 
outt with children. The majority of these studies suffer methodological flaws including 
smalll  sample sizes and absence of appropriately matched control groups. Nevertheless, 
consistentlyy reported findings have included the presence of a small cerebellum, white 
matterr hyperintensities and developmental midline abnormalities. Recently however, in 
aa quantitative neuroimaging study of VCFS adults, van Amelsvoort et al. [40] reported 
that,, compared to an age and IQ-matched control group, adults with VCFS exhibited 
widespreadd differences in white matter bilaterally and regional specific differences in 
greyy matter in left cerebellum, insula, frontal and right temporal lobes. 

Thee neuropsychological profile of adults with VCFS has not been previously 
reported.. Consequently, we undertook the current study using a comprehensive 
neuropsychologicall  test battery covering major areas of functioning including 
intelligence,, memory, attention and executive functioning to compare a group of VCFS 
adultss to a matched IQ, age and gender control group. 
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METHODOLOGY Y 
Subjects. Subjects. 
VCFSS participants were recruited from the University of Wales College of Medicine, 
Cardiff,, and the Behavioural Genetics Clinic, Institute of Psychiatry, London and 
weree ascertained from a variety of sources. Some 16 (84%) were recruited from 
numerouss departments of medical genetics throughout England and Wales, two 
(11%)) were recruited from psychiatric services and one (5%) was recruited from 
thee cardiology services. Participants underwent genetic, physical and psychiatric 
examinationss and routine laboratory investigations as discussed previously [23], All 
VCFSS participants demonstrated a chromosome 22ql 1 deletion using fluorescent in 
situu hybridisation (FISH) (Oncor Inc., Gaithersburg, MD,USA). Of the VCFS sample 
42%% (N=8) had a history of psychosis, 37% (N=7) suffered from congenital heart 
diseasee and for 79% (N=15) the deletion occurred de novo (table 1). 

Gender r 

Age e 

FSIQ Q 

Historyy of 
Psychosis s 

Deletion n 

VCFS S 
(n== 19) 

Malee - 5 
Female-- 14 

35.166  11.42 

744  11.46 

42%% (N=8) 

Dee Novo 79% 
Familiall  16% 

Control l 
(n=19) ) 

Malee - 4 
Femalee - 15 

34.955  9.72 

81.166  14.90 

0% % 

PP Values 

.50 0 

.95 5 

.10 0 

Tablee 1, Demographic Data for  VCFS and control groups. 

Duee to the low intellectual capability of the VCFS group as a whole it was necessary 
too match the control group on this factor. The most appropriate group for this purpose 
wass a mixed sample of adults in the borderline range of intellectual functioning 
(FSIQQ 70-85) and adults with mild intellectual disability (FSIQ <70). The group 
wass matched in terms of IQ, age and gender. Healthy controls were recruited from 
locall  Learning Disability Day Centres through advertisements. Inclusion criteria 
requiredd adults with FSIQ 60-85, no psychiatric or neurological disorder (all control 
participantss were screened for psychiatric history using reports from key workers and 
self-reportt questionnaires) or epilepsy. All participants with intellectual disabilities 
underwentt genetic screening and none were found to have any genetic abnormalities. 
Nonee of the participants had a medical disorder affecting brain function e.g. epilepsy 
orr hypertension. 
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Neuropsychologicall  Testing. 
Intellectuall  functioning, memory, visuospatial/perceptual function, executive 
functionn and attention were measured. 

GeneralGeneral Intellectual Functioning: The Canavan [4] short version of the Weschler 
Adultt Intelligence Scale -Revised (WAIS-R) [38] was used comprising of five 
subtests;; Vocabulary, Comprehension, Similarities, Block Design and Object 
Assembly.. A pro-rating scoring system was used to obtain Intellectual Quotients 
(IG/s). . 

Memoty:Memoty: The Doors and People Test of Visual and Verbal Recall and Recognition 
[1]]  was chosen because of its suitability for a population with varying degrees of 
intellectuall  functioning. The test distinguishes between verbal and visual abilities 
inn patients who have undergone left and right temporal lobectomies and in addition 
wass found to be a suitable assessment of both recall and recognition [ 16]. The test is 
dividedd into four sections: (1) Verbal Recall (People Test): Participants are required 
too leam the fore and surnames of four characters with visual and verbal aids in the 
formm of photographs and occupation. A maximum of three trials are available to 
learnn the names, and a further trial is repeated later as a delayed verbal recall test; 
(2)) Visual Recognition (Doors Test): Participants are required to recognise 12 doors 
whichh are presented with three distracter doors in a 2x2 array. There are two sets 
off  12; an easy set (A) and a harder set (B) which is not administered in this study if 
thee participant scores less than nine on set A (an option outlined in thee manual); (3) 
Visuall  Recall (Shapes Test): Participants are required to copy four simple drawings 
andd then recall the shapes from memory. A maximum of three trials are available 
too learn the drawings and a further trial is repeated later as a delayed visual recall 
test;; (4) Verbal Recognition (Names Test): Participants are required to recognise 
foree name/surname pairs using the same format as the Doors Test (i.e. recognition 
off  the target names from a list with three distracter names). The scoring technique 
providess results for individual components of memory functioning in addition to 
ann overall score. 

Furtherr testing of verbal memory employed two subtests from the Wechsler 
Memoryy Scale - Revised (WMS-R) [39] the Logical Memory (immediate and 
delayedd recall of 2 short stories) and Paired Associates subtests (immediate and 
delayedd recall of matched pairs). 

Visuo-spatialVisuo-spatial and perceptual functioning: The Visual Space and Object Perception 
Batteryy (VOSP) [35] was used, made up of an initial screening test and 8 subtests 
dividedd into two sections: object perception and space perception. 

ExecutiveExecutive functioning: 
11 Problem-Solving was tested using the 3-D Computerised Tower of London Task 

(3-DD CTL-Test) [18, 19, 28]. Two arrangements of three coloured discs on three 
differentt size rods are displayed on a touch sensitive screen. The top arrangement 
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iss presented as the target and remains static whilst the lower design is rearranged by 
thee participant to match the target design. Participants are encouraged to solve each 
problemm in the least number of moves possible. The 3-D CTL-Test is completed 
whenn the subject has attempted four "three-move'\ four "four-move", and four 
''five-move""  problems. Planning ability is then calculated by administering the 3-D 
Computerisedd Tower of London Control Task (3-D CTL-Control) which uses the 
samee presentation of arrangements but eliminates the problem-solving tasks. 

Thee combined data from the 3-D CTL-Test and the 3-D CTL-Control were used 
too calculate (a) the number of moves above the minimum required to solve each 
problemm (MAM) ; and (b) the true planning time (PT) by subtracting Control PT 
fromm Test PT. 

22 Spatial Working Memory and Strategy formation was measured using the Executive 
Golff  Task [2. 19] administered using a computer and touch sensitive screen on 
whichh there is a representation of a golfcourse and a golfer. Each golfcourse has 
aa specified number of flagged holes corresponding to the number of balls which 
thee golfer has available to putt. The participant is instructed to guess into which 
holee the golfer is going to putt the ball, and to remember which holes contain 
balls.. Participants must keep in mind the rule "the golfer never putts a ball into the 
samee hole twice". The task increases in difficulty as it moves from two trials with 
twoo flags and balls, to three flags and balls, three trials with four flags and balls, 
fourr trials with six flags and balls and finally four trials with eight flags and balls. 
Thee sequence of the 'correct' holes for the ball is determined by a pseudorandom 
functionn based upon the pattern of searching by the subject. 

Thiss test provides three measures: (a) Within search errors (WSE): if the participant 
duringg a single search sequence, 'guesses' the same hole more than once; (b) 
Betweenn search errors (BSE): if the participant 'guesses' a hole which already 
containss a ball; and (c) Strategy score: the computers monitors the sequence of 
choicess carried out by the participant and produces a score indicating good or poor 
usee of strategy. 

33 Initiation and Production of Verbal Information was tested using the Controlled 
Orall  Word Association Test [3]. Participants are asked to name words beginning 
withh a given letter in a 60-second time period. Three word generation trials were 
administeredd using the letters F, A and S. 

44 Cognitive Flexibility was measured using the Weigl test [10] made up of four sets 
off  shapes (squares, circles and triangles) of different colours (red, blue, yellow and 
green).. Participants are asked to sort the objects into groups of the same and then 
too sort into a second group. 

Attention:Attention: The Continuous Performance Test [5] was administered using a personal 
computerr on which the participant observes letters presented on the screen at different 



43 3 

speeds,, with an inter-stimulus interval of 1, 2 or 4 seconds, and each letter displayed 
forr 250 milliseconds. The participant is required to press the space bar following 
thee presentation of each letter, except when the letter X is shown. The results from 
thiss test include measures of attention, impulsiviry, perceptual sensitivity and rate of 
response. . 

Statisticall  Analysis 
Sociodemographicc data was examined using Independent /-tests and X2 analysis to 
ensuree that the VCFS and control group were matched for age, gender and 1Q. 

Thee main between group comparison was carried out to investigate the difference 
betweenn the VCFS and control group. This was achieved using independent t-
testss for all scores produced from neuropsychological tests which met criteria for 
normall  distribution. Mann Whitney CATests were used for those scores which were 
nott normally distributed (i.e. Incomplete Letters and Dot Counting on VOSP and 
Omissionn Values on CPT) whilst A^-square was used to analyse categorical data 
fromm the Weigl Test. Finally repeated measures MANOVA was used to compare the 
twoo groups in each analysis on a number of variables relating to performance on test 
itemss (ToL and Executive Golf Test). The MANOVA procedure was used in order to 
analysee the data both between-subjects and within-subject factors. 

RESULTS. . 
Thee VCFS group had a mean Full Scale IQ (FSIQ) of 74. Distribution of IQ scores 
showed:: 42% in the mildly intellectually disabled range (FSIQ 58 - 67), 37% in 
thee borderline range (FSIQ 71 - 82) and 21% in the average range of intellectual 
functioningg (87 - 97). Six (32%) VCFS participants were found to have a significant 
discrepancyy (11 points or more) [37] in favour of performance ability, three (16%) 
hadd a significant discrepancy in favour of Verbal ability, and over half of the group 
(nn = 10, 52%) did not produce a significant Verbal - Performance (V-P) discrepancy. 
Thee VCFS group performed significantly worse than the control group on the 
Comprehensionn subtest (P < .05/ No significant differences were found between 
VCFSVCFS and control group on Full Scale IQ, VIQ, PIQ or V-P discrepancy. Similarly 
theree was no difference in performance on tests of memory, attention, cognitive 
flexibility ,, spatial working memory or verbal fluency (Table 2). 
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Tablee 2. Neuropsychological test scores for  VCFS and control group. 
Valuess are group means  S.D. Level of statistical significance *P < 0.05, 
**P<0.01. **P<0.01. 

Intellectuall  Functioning 

WAIS-RR : 
Vocabulary y 
Comprehension n 
Similarities s 
Blockk Design 
Objectt Assembly 

VIQ Q 
PIQ Q 
FSIQ Q 
V-PP Discrepancy 

Memory y 

Doorss and People: 
People e 
Doors s 
Shapes s 
Names s 
Overall l 
Visual l 
Verbal l 
Recall l 
Recognition n 
Overalll  Forgetting 

WMS-RR : 

Logicall  Memory Immediate 
Logicall  Memory Delayed 
Pairedd Associates Immediate 
Pairedd Associates Delayed 
Verball  Memory Index 

VCFS S 

(n=19) ) 

5.055 7 
*4.74  1.37 
5.633  1.57 
6.166 7 
5.211 0 

74.211 9 
77.844 9 

744  11.46 
-2.955  13.73 

<nn = 18) 

5.722 5 
5.399 0 
6.322 9 
7.111 5 
4.611 3 

5 5 
6.111 9 
5.333 1 
5.722 0 
10.000 8 

(n=19) ) 

244  10.33 
6.688 4 
13.477  5.71 
11.688 7 

71.399  13.21 

Controls s 

(n=19) ) 

66  2.45 
6 6 

6.955 1 
7.377 0 
6.844 3 

79.899  14.04 
85.633  19 

81.16  14.90 
-5.74  14.17 

(n=19) ) 

7.844 5 
6.533 5 
7.266 9 
6.899 1 
6.000 7 
6.533 5 
6.955 5 
7.266  4.08 
6.322  3.02 
10.266 5 

(n=19) ) 

28.111  16.20 
9.744  7.42 
14.744 3 
11.799 1 

74.688  16.60 



Visuospadal/perceptual l 
Functioning g 

VOSP: : 
Incompletee Letters 
Silhouettes s 
Objectt Decision 
Progressivee Silhouettes 
Dott Counting 
Positionn Discrimination 
Numberr Location 
Cubee Analysis 
Numberr of Passes 

Spatiall  Workin g Memory 

Executivee Golf Task 

Withinn Search Errors 
Betweenn Search Errors 
Strategyy Formation 

Planningg and Problem-Solving. 

Towerr of London 

Movess Above Minimum 
Planningg (sees) 

Verball  Fluency 

Total l 

Weigl l 

Sorting g 
Shifting g 

Attention n 

CPT(T-Scores): : 
Ommissionn Errors (percentiles) 
Hitt Reaction Times (T-scores) 
Variablilityy Of S.E.'s(T-scores) 
Hitt SE Block Change(T-scores) 
Commissionn Errors(T-scores) 
Perceptuall  Sensitivity(T-scores) 
Riskk Taking(T-scores) 
CPTT Index Score 

<n=19) ) 

19.111  1.63 
**  15.32 6 

2 2 
11.744 4 
9.799 2 

16.588 4 
9 9 

6,799  2.84 
5.055  1.58 

<n=19) ) 

0.811  1.13 
6.300 2 
14.755  1.82 

(n=18) ) 

*2.27  1.85 
6 6 

(n== 18) 

24.288  12.54 

(n== 18) 

100% % 
50% % 

(n=19) ) 

95.677 3 
42.133 7 
70.400  14.47 
57.37  18,19 
62.977  13.83 
70.64  11.18 
81.144  17.01 
10.733 9 

(n=19) ) 

19.16  1.92 
**  18.95 3 

4 4 
11.055 8 
9.799 2 

18.000 5 
6.955 5 

88 8 
6.266  2.02 

(n=19) ) 

0.411 6 
4.999 2 
14.055 6 

(n=16) ) 

*1.4  1.65 
6 6 

(n=18) ) 

29.111  16.38 

(n=18) ) 

100% % 
78% % 

(n=19) ) 

80.833 8 
39.999  11.93 
62.377  14.72 
47.155  14.75 
57.077  22.28 
64.155 8 
79.599  20.70 
88 6 
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Almostt all VCFS and control participants passed the Screening Test on the VOSP. 
However,, the VCFS group failed significantly more subtests than the control group. 
Thee VCFS group performed significantly worse on the Silhouettes {P < .05) and 
Objectt Decision subtests (P < .01). Both of these subtests are contained within the 
objectt perception section of the battery. 

Onn the Tower of London (ToL), using Group (VCFS and control) as between subject 
factorr and Problem Level (3,4 and 5) as the within subject factor, a significant group 
effectt (F = 4.50; d.f. 1.32; p < .05) and problem effect <F = 28.60; d.f.1.32; p < 
.05)) was found. This suggests that the number of moves required to complete the 
problemss increased as the degree of difficulty increased. However, the VCFS group 
requiredd significantly more moves to solve the problems than the controls. The 
analysiss of planning time found a significant group effect (F = 6.57; d.f. 1.32; p< .05) 
withh no significant problem effect indicating that the VCFS group used significantly 
lesss planning time. 

DISCUSSION. . 
Inn this study, our aim was to examine the neuropsychological profile in adults with 
VCFSS and deletion of chromosome 22ql 1 and to investigate whether there are specific 
cognitivee deficits associated with this group. We found that the VCFS group performed 
significantlyy worse than controls on the Comprehension subtest of the WAIS-R, 
Silhouettess and Object Decision subtests of the VOSP and accuracy of problem solving 
onn the ToL. In addition, the VCFS group used significantly less planning time on 
thee ToL than the control group. The use of a control group was included in order to 
establishh whether the findings are specific to VCFS and cannot be otherwise accounted 
forr by age, gender, or IQ. 

Ourr interest in the neuropsychological profile of adults with VCFS follows from the 
workk already carried out with children. In contrast to the results presented from this 
study,, research on children with VCFS provides evidence for a consistent cognitive 
profilee and this has been reported to be similar to that identified in children with Non-
Verball  Learning Disabilities (NVLD) [21,33]. This work has paved the way for more 
focusedd research which can begin to unravel the underlying deficits which may shape 
thee cognitive profile. For example, the exploration of deficits in arithmetic commonly 
foundd in children with VCFS has been further investigated by assessing how these 
relatee to deficits in visual-spatial memory [37]. Although we have not yet reached 
thiss stage for adults with VCFS, consideration of the cognitive profile will point in the 
appropriatee direction for future work. 

Intellectuall  disability has been reported to be one of the major characteristics associated 
withh VCFS [31]. However, we found that over half (58%) of the VCFS group were 
functioningg in the borderline / low average range of intellectual ability. It may be 
possiblee therefore that the strong association between intellectual disabilities and VCFS 
reflectss a recruitment bias as a result of biased genetic screening focusing on people 
withh intellectual disabilities. As Murphy et al. [22] suggested, it is possible that VCFS 
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iss under-diagnosed due to lack of genetic screening carried out in clinical populations 
functioningg at a high level of intellectual ability. In addition, Swillen et al. [32] have 
reportedd a higher rate of intellectual disability associated with familial deletions in 
VCFSS individuals. It is possible therefore that the high rate of de novo deletions (79%) 
mayy partly explain the higher level of intellectual functioning in this sample. 

Thee most consistent finding in children with VCFS is the discrepancy between Verbal 
andd Performance IQ [21]. This was not replicated in this study with less than half 
(48%)) of the group showing a significant discrepancy. The Canavan et al. [4] short 
formm of the WAIS-R was chosen because it emphasises the comparison of Verbal 
andd Visuospatial functioning, by selecting subtests that pertain more closely to this 
distinction.. However, the mean V-P discrepancy score on the WAIS-R was -2.95 for 
thee VCFS group, compared to the Control group mean of-5.74 suggesting that it may 
nott be unusual for people in the lower IQ ranges to obtain this type of discrepancy. 
Althoughh we did not find a significant V-P discrepancy on the WAIS-R, it is possible 
thatt the Wechsler Intelligence Scales for Children (WISC-III-UK) provided a more 
sensitivee assessment than the WAIS-R due to the comparison of the factor scores 
(Verball  Comprehension and Perceptual Organisation) as opposed to the more general 
V1QQ and P1Q [37], Furthermore, child studies highlight the similarity between profiles 
off  VCFS children and children with NVLD. This is largely based on the comparison 
off  academic profiles including reading, spelling and mathematics measures which were 
nott used in this study. 

Thee only significant finding on the WAIS-R was the poorer performance of the VCFS 
groupp on the Comprehension subtest. Previous studies have reported that children with 
VCFSS do not develop "beyond a relatively concrete level of cognitive development' 
[9]]  and this may account in part for the difficulties experienced on this test of social 
andd abstract reasoning. Furthermore, the poor performance of VCFS participants on 
thiss particular subtest also supports the reports of social deficits related to personality 
characteristicss [31]. 

Althoughh the VCFS group on the whole did not produce a significant V-P discrepancy, 
theyy were found to have significant deficits in visuoperceptual functioning (as 
measuredd by the VOSP). The Silhouettes and Object Decision subtests are designed 
too assess recognition of common objects from an unusual angle. Both subtests are 
basedd on the principle of the "Unusual Views" task designed by Warrington and Taylor 
[36].. McCarthy and Warrington [ 14] suggest that impairments in identifying degraded 
objects,, pictures or letters is a syndrome associated with the right hemisphere, which 
theyy consider a type of 'apperceptive agnosia'. The process of visual perception can 
bee divided into 3 stages comprising of; (a) visual sensory processing; (b) perceptual 
categorisationn (apperception) and (c) semantic categorisation (association) [12], The 
performancee of the VCFS group across the assessment battery and the specificity of 
theirr deficits on the VOSP suggests impairments at the second stage i.e. perceptual 
categorisation,, resulting in deficits in object perception [14]. This is most apparent 
whenn using a stimulus that has been degraded in some way. 
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Althoughh it is possible that other factors (aside from abnormalities in perceptual 
categorisation)) could account for these deficits e.g. IQ. verbal memory and visual 
neglect,, these factors have been addressed through the use of the IQ matched control 
groupp and the combination of the measures used within the test battery. Furthermore, 
althoughh there have been some reports of eye abnormalities in people with VCFS 
[12],, the specific nature of the deficits identified in this study do not suggest global 
visuall  problems. It is likely therefore that these findings indicate specific object 
perceptionn deficits. Studies investigating the contribution of the right parietal lobe 
inn object recognition concluded that the ability to recognise stimuli, particularly 
involvingg unusual views, was associated with an area in the right inferior parietal 
lobee [34]. Therefore the impaired performance of the VCFS group may be due to 
differencess in the function of the right parietal lobe. 

Itt is difficult to interpret poor performance on tests of executive functioning in 
participantss with low IQ [29] because of the level of ability required for abstract 
reasoning,, planning, problem solving, strategy formation and monitoring and 
evaluationn of performance. However, we included an IQ matched control group and 
stilll  found a significant difference in performance on the Tower of London (ToL). 
Thee VCFS group were less accurate in their problem solving ability, and spent 
significantlyy less time planning. This most likely reflects differences in prefrontal 
lobee functioning [17, 20]. These findings warrant further investigation in order to 
clarifyy whether poor performance is a result of 'premature responding' as seen in 
patientss with schizophrenia [20], 'impulsivity' as described in patients with frontal 
lobee damage [25], or alternatively planning difficulties in addition to problem solving 
deficits. . 

Initiall  studies of brain structure in adults with VCFS have reported abnormalities 
inn anatomy of the cerebellum [7, 40]. Van Amelsvoort et al. performed an MRI 
studyy comparing ten of the 17 participants from the VCFS sample used in this study 
withh an IQ matched control group. The results highlighted a number of significant 
differencess in brain anatomy including that of the cerebellum. Quantitative analysis 
showedd significantly smaller cerebellum in adults with VCFS compared to controls 
[40].. Traditionally the cerebellum has been associated with the co-ordination 
off  movement. However, there is increasing evidence to support the role of the 
cerebellumm in additional cognitive processes and abnormalities in this region have 
beenn associated with disorders such as autism and schizophrenia [13]. A cluster of 
deficitss have been identified in patients with diseases confined to the cerebellum 
[27].. These include changes and deficits in executive functioning, spatial cognition, 
personalityy and behavioural changes which could be accounted for by cerebellar 
abnormalitiess which affect neural circuits linking prefrontal, posterior parietal, 
superiorr temporal and limbic cortices. The deficits we havee found in the VCFS group 
inn visuoperceptual ability, planning and problem-solving are classically associated 
withh the parietal and frontal regions of the brain. Nevertheless, it is possible that they 
mayy also be explained by abnormalities in other brain areas such as the cerebellum 
and/orr it's connections to prefrontal and posterior parietal regions. 
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Although,, deficits specific to the VCFS group have been identified in this study, 
itt is possible that some of the findings may be are confounded by psychosis. For 
example,, people with schizophrenia have shown deficits on a wide range of 
neuropsychologicall  tests including those assessing executive functioning, memory 
andd attention [20, 25,29], Interestingly there were no differences identified between 
thee VCFS and control group on tests of memory or attention. In contrast, significant 
findingss on the Tower of London do indicate deficits in executive functioning and 
moree specifically planning and problem-solving. Larger sample numbers would 
alloww for an interesting exploration of the impact of psychosis on people with VCFS. 
Ann additional schizophrenia control group would provide an opportunity to explore 
whetherr the neuropsychological deficits identified in people with schizophrenia in 
thee general population are similar to people with a deletion on chromosome 22ql 1. 

Ann IQ matched control group was chosen to control for the effects of low intelligence 
onn the specific tests of cognitive functioning, including attention, memory and 
executivee functioning. This approach enabled the study to highlight specific areas of 
difficultyy in this group. Furthermore, genetic screening was used to rule out genetic 
abnormalitiess as the underlying cause of intellectual disability. Nevertheless, the 
controll  group may be a heterogenous sample with other factors resulting in low IQ, 
Futuree studies may benefit from comparison groups with specific types of genetically 
determinedd intellectual disabilities (e.g Downs Syndrome or Fragile X). To do this, 
groupss would have to be selected who function in thee borderline range of intellectual 
ability,, or whose impairments are mild. 

Inn summary we found that adults with VCFS, compared to IQ matched controls, 
hadd significant deficits in object perception, social and abstract thinking, problem 
solving,, and planning. It is likely that haploinsufficiency of a neurodevelopmental 
genee or genes mapping to chromosome 22qll, underlies the cognitive deficits 
observedd in individuals with VCFS. 
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ABSTRACT T 
Velo-cardio-faciaïï syndrome (VCFS) is associated with chromosome 22ql 1 deletion 
andd deficits in social reasoning for which the neurobiological basis is not known. 
Therefore,, we studied facial emotional processing using functional magnetic 
resonancee imaging in eight adults with VCFS and nine age-IQ matched controls. 
VCFSS subjects, compared to controls had significantly less activation in occipito-
temporall  brain regions. Genetically determined developmental abnormalities in 
pathwayss involved in early face processing may underlie deficits in social cognition 
inn people with VCFS. 
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INTRODUCTION N 
Velo-cardio-faciall  syndrome (VCFS), a genetic disorder associated with a chromosome 
22qll  1 deletion, is characterized by specific deficits in visuoperceptual function, and 
inn social and abstract reasoning that cannot solely be accounted for by their impaired 
levell  of overall intelligence (1). These deficits may underlie the frequently reported 
poorr social skills and lack of emotional reciprocity that individuals with VCFS 
displayy (2). However, the neurobiological basis for these social impairments is not 
understood,, and the functional neuroanatomy of emotional processing in people with 
VCFSVCFS has yet to be determined. Abnormalities in face perception or in processing 
faciall  emotions may partially account for social impairments seen in VCFS. Facial 
expressionss are important cues in social communication with separate emotions 
differentiallyy activating neural substrates. Also, we reported a neuroanatomical 
dissociationn between conscious (explicit) and unconscious (implicit) processing of 
faciall  emotions in the healthy population (3). The ability to consciously recognize 
emotionall  expressions is positively correlated with intelligence in learning disabled 
people,, and higher cognitive processes are involved in processing facial stimuli (4). 
Itt is therefore difficult to test explicit processing of facial emotion in an intellectually 
impairedd population, such as people with VCFS. In contrast, unconscious processing 
off  emotional facial expressions may be more suitable to study in an intellectually 
impairedd population as it may not rely on detailed cortical representation of faces; 
ratherr they may be processed in an automatic, attention-independent, manner 
employingg limbic and paralimbic areas. (3). Therefore, we employed functional 
magneticc resonance (fMRI) imaging to investigate the neural substrate of implicit 
processingg of facial expressions in adults with VCFS and controls with a similar 
intellectuall  ability. We predicted that subjects with VCFS would activate different 
brainn regions than their \Q matched controls during implicit emotional processing. 
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METHOD D 
Wee studied eight people (7 females / 1 male, mean (SD) age 34 (9), IQ 72 (10)) with 
clinicall  features of VCFS and a 22qll deletion confirmed by fluorescence in situ 
hybridisationn (FISH) (Oncor Ine, Gaishersburg. MD 20877, USA). We also included 
ninee healthy controls who did not differ significantly in age and IQ (5 females / 4 
males,, age 37 {11), IQ 73 (16)). All subjects were screened for physical disorder 
affectingg brain function. IQ was determined using the Canavan shortened version 
off  Wechsler Adult Intelligence Scale - Revised (5). Informed consent was obtained 
afterr complete description of the study, and the research was approved by the local 
researchh Ethics Committee. All subjects were familiarized with the stimuli and task 
proceduree prior to scanning. Ten blocks of eight facial stimuli from the Ekman series 
(6)) were presented to all subjects in 30-seconds phases as described previously (3) 
(seee figure 1). 
Subjectss were presented with a pseudo-randomized mixture of happy and angry 
expressionss in the "on" phase and neutral expressions in the control "off' phase. 
Subjectss were instructed to attend to and judge the gender of faces during both 
phases.. Echoplanar images were acquired using a 1.5 Tesla GE Signa System 
(Generall  Electric, Milwaukee, WI). In each of 14 noncontiguous planes parallel to 
thee intercommissural plane, 100 T2*-weighted images depicting blood oxygenation 
levell  dependant (BOLD) contrast were acquired (TE = 40 ms, TR = 3000 ms, in-
planee resolution = 3.1 mm, slice thickness = 7 mm, slice skip = 0.7 mm). During 
thee same session, a 43- slice, high-resolution inversion recovery echoplanar image 
off  the whole brain was acquired in the intercommissural plane (TE = 73s, TR = 
160000 ms, in-plane resolution 1.5 mm, slice thickness = 3 mm), for the purpose 
off  standardization in standard space. The scans were corrected for movement and 
normalizedd to stereotaxic coordinates. Each normalized scan was smoothed with a 
Gaussiann kernel (FWHW 14.4 x 14.0 x 12.7 mm) to increase signal-to-noise ratio 
andd to reduce residual differences in gyral anatomy between individuals. Data 
weree analyzed using Statistical Parametric Mapping 99 (www.fil.ion.ucl.ac.uk). 
Condition-specificc effects in every task were assessed by comparing the "on" periods 
off  each task with their respective "off' control conditions. Changes in regional blood 
floww were determined by applying the general linear model to each voxel. Between-
groupp comparisons of brain activation patterns were performed using / statistics. The 
resultingg statistical parametric maps (SPM ) constitute maps of t values for each 
voxell  for each comparison and were transformed to SPM \Z) values. The level of 
significancee of volumes of activation was characterized by peak amplitude without a 
correctionn for multiple non-indepen 
dentt comparisons. Clusters of voxels which had a peak 7. score > 3.00 (threshold 
PO.001)) were used as a measure of activation. 

http://www.fil.ion.ucl.ac.uk
http://ucl.ac.uk).
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EXPERIMENTALL PARADIGM 

PHASEE A PHASEE B 

CHANGINGG ACCEPTING / REJECTING 

(HAPPY/ANGRY)) EXPRESSIONS 

NEUTRALL (LOW VALENCE) FACIAL 

EXPRESSIONS S 

GENDERR JUDGEMENT MALE OR 

FEMALE E 

Figuree 1 

Stimulii  used in the experimental tasks. Using a repeated on/off block design, subjects 
weree shown pictures from a standard series representing a mixture of four happy and 
fourr angry faces in the on condition and eight neutral faces in the off condition. In 
bothh conditions the subjects were asked to judge gender. 

RESULTS S 
Alll  subjects were debriefed after scanning, both groups reported no problems in 
viewingg the faces and performing the task (i.e. judging the gender of the faces they 
weree shown), and there were no group differences in task performance. Between-
groupp analysis revealed an anterior-posterior dichotomy in activation patterns 
duringg emotional processing (on>off) with VCFS subjects showing significantly 
lesss activity than controls in left fusiform, lingual and middle temporal gyrus, and 
inn right cuneus. cerebellum and left middle frontal regions. In contrast people with 
VCFSS had significantly more activity in right frontal regions (middle, inferior, and 
precentrall  gyrus), right nucleus lenticulus. and parahippocampal gyrus (see figure 2 
&&  table 1). 
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Brainn region 

GroupGroup effect fVCFS>controls) 

Frontall  : middle 

precentralis s 

inferior r 

inferior r 

middle e 

Parahippocampall  gyrus 

Basall  ganglia: lenticular nucleus 

GroupGroup effect (VCFS<coturoh) 

Cerebellum m 

Occipitotemporall  cuneus 

cuneus s 

fusiformm gyrus 

opticc radiation 

linguall  gyrus 

Frontall  middle 

Side e 

R R 

R R 

R R 

R R 

R R 

R R 

R R 

R R 

R R 

R R 

L L 

L L 

L L 

L L 

BA A 
Tal l 
(s) ) 

24 4 

52 2 

28 8 

28 8 

44 4 

32 2 

16 6 

8 8 

16 6 

8 8 

-20 0 

-32 2 

-24 4 

-36 6 

Tal l 
(y) ) 

24 4 

-4 4 

8 8 

16 6 

48 8 

-20 0 

-8 8 

-76 6 

-76 6 

-72 2 

-72 2 

-56 6 

-56 6 

12 2 

Tal l 
(z) ) 

44 4 

24 4 

16 6 

16 6 

8 8 

-20 0 

-4 4 

-12 2 

12 2 

32 2 

-8 8 

12 2 

8 8 

48 8 

Z Z 
scores s 

3.70 0 

3.51 1 

3.30 0 

3.08 8 

3.26 6 

3.12 2 

3.21 1 

4.35 5 

3.96 6 

3.26 6 

3.06 6 

3.30 0 

3.14 4 

3.79 9 

PP value 

0.000 0 

0.000 0 

0.000 0 

0.001 1 

0.001 1 

0.001 1 

0.001 1 

0.000 0 

0.000 0 

0,001 1 

0.001 1 

0.000 0 

0.001 1 

0.000 0 

Tablee 1 
Thee coordinate location and Z scores of regions that had significantly more activation 
inn either the VCFS or control group. 
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Figuree 2 
Significantt more activation in subjects with VCFS (green) and controls (red) 
duringg implicit processing of emotional facial expressions. 

DISCUSSION N 
Wee investigated functional neuroanatomy in adults with VCFS during a task of 
unconsciouss facial emotional processing. Significant differences between adults 
withh VCFS and controls were found in bilateral occipitotemporal and frontal 
cortices,, and right basal ganglia despite similar task performance. It is unlikely that 
thesee differences are due to differences in intellectual functioning as our groups were 
matchedd for IQ. 

VCFSS subjects had significantly less activation in regions that are involved in early 
visuall  processing, including regions known to be face perception areas. It has been 
suggestedd that the neural network mediating face perception includes a 'core system' 
forr visual analysis of faces consisting of three bilateral regions in which inferior 
occipitall  gyri provide input to the fusiform and superior temporal regions. These in 
mrnn interact with an extended system (e.g. amygdala, insula, limbic system, auditory 
cortex).. to process the meaning of information (including representing emotions) from 
facess (7). Our results suggest that in people with VCFS this "core system' (occipito-
temporall  regions) may be less activated during face perception. We hypothesize 
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thatt this could result in further upstream dysfunction in limbic / paralimbic regions 
thatt are normally involved in processing meaningful social information (including 
emotionall  reciprocity). A growing body of neuroirnaging literature suggests that 
VCFSS is associated with genetically determined abnormalities in brain development, 
whichh also affects white matter in occipitotemporal regions (8), This may result 
inn aberrant development of cortico-cortical networks including pathways between 
thee visual and somatosensory cortices. The development of cortical face processing 
systemssystems occurs during postnatal development and plays a critical role in specifying 
thee neural sites that are involved in face processing (9). People with autism, who 
havee extensive social impairments, utilize different neural systems {e.g. frontal 
regions)) for face perception than the traditional fusiform face perception areas (10). 
Sociall  impairments in people with VCFS resemble those seen in autism and we also 
foundd reduced activation in traditional face perception regions and more activiation 
inn frontal regions in people with VCFS. We suggest that in people with VCFS 
thee development of cortical face processing systems is abnormal, and that this may 
partiallyy underlie problems in social functioning in later life. 

Ourr study has several limitations. We used a block design, and event-related designs 
aree needed to evaluate any emotion-specific effects. Our control group consisted of 
peoplee with intellectual disability and therefore they are not representative of the 
generall  population. Further studies are needed to further investigate how social 
impairmentss in people with VCFS arise. 
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ABSTRACT T 
Background::  Velo-cardio-facial syndrome is associated with interstitial deletions 
off  chromosome 22qll, mild / borderline learning disability, characteristic 
dysmorphology,, and a high prevalence of schizophrenia. The biological basis 
too this increased risk for schizophrenia is unknown, but it has been suggested 
thatt people with velo-cardio-facial syndrome may have genetically determined 
differencess in brain anatomy which predispose to the development of psychosis. 
However,, to date there are no neuroimaging studies comparing schizophrenic and 
non-schizophrenicc adults with velo-cardio-facial syndrome. Methods: We studied 
brainn anatomy in 39 adults using quantitative structural magnetic resonance imaging: 
133 with velo-cardio-facial syndrome and schizophrenia (mean age (  SD) 34 yrs
11.. IQ 69  8). 12 with velo-cardio-facial syndrome without history of a psychosis 
(meann age 31 yrs  10, IQ 74  9), and 14 age-IQ matched healthy controls. Data 
weree analysed using both manual tracing and computerised voxel-based methods. 
Results::  People with velo-cardio-facial syndrome and schizophrenia, compared to 
bothh the controls and non-schizophrenic velo-cardio-facial syndrome people, had a 
significantt (p<0.05) reduction in volume of whole brain brain matter (white + grey) 
andd whole brain white matter; and an increase in total and sulcal cerebrospinal fluid 
volume.. Regional grey and white matter differences were most pronounced in frontal 
regionss of the schizophrenic people. Both velo-cardio-facial syndrome groups had a 
reducedd cerebellar volume compared to controls. Conclusions: Within velo-cardio-
faciall  syndrome, schizophrenia is associated with generalised differences in brain 
anatomy,, but white matter and frontal regions may be particularly implicated. These 
abnormalitiess may reflect genetically determined abnormalities in neurodevelopment. 
Studiess with larger samples are needed to replicate our findings. 
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INTRODUCTION N 
Velo-cardio-faciall  syndrome (VCFS) is a genetic disorder which occurs in 
approximatelyy 1:2500 - 1:4000 live births1. In 85% of people with VCFS a -
3Mbb deletion of 22qll is detected with fluorescence in-situ hybridisation (FISH)2. 
VCFSVCFS is associated with a characteristic physical phenotype (including congenital 
cardiovascularr anomalies, and cleft lip / palate), mild / borderline learning disability, 
andd specific cognitive deficits (e.g. in object perception, planning, and abstract 
reasoning)) independent of their IQ -1"6. In addition, psychiatric problems are frequently 
reportedd in VCFS children. These include social withdrawal, phobia, depression, 
attentionn deficit hyperactivity disorder and autistic spectrum disorder 7-8. In adult 
life,, people with VCFS are at increased risk of developing psychosis particularly 
schizophreniay.. The reported prevalence rates for psychosis vary between 10-64 % 
butt methodological differences complicate the interpretation of these studies <M\ In a 
largee study Murphy et al.y found psychosis in 30% (schizophrenia in 24%) of adults 
withh VCFS. 

Schizophreniaa is a heterogenous disorder which is likely to be caused by interaction 
off  several susceptibility genes and environmental risk factors. The morbid risk 
off  schizophrenia for a patient with VCFS is approximately 25 times the general 
populationn risk and thus possession of chromosome 22ql 1 deletion, apart from being 
thee offspring of two schizophrenic parents or having a schizophrenic monozygotic 
co-twin,, is the highest known risk factor for the development of schizophrenia. 
Thiss suggests that deletion of one or more gene (s) mapping to chromosome 22q 11, 
underliess susceptibility to psychosis in VCFS '\ The study of VCFS therefore 
providess a unique opportunity to increase our understanding of the neurobiology of 
schizophreniaa in the general population. 
Theree is growing consensus from a large body of in vivo neuroimaging studies that 
peoplee with schizophrenia have several structural brain abnormalities. Increased 
volumee of cerebral ventricles is one of the most consistently reported findings, 
togetherr with reduction in the volume of total brain and grey matter (for a review 
seee 14). Also, localized volume and grey matter reductions have frequently been 
describedd in several brain regions - mostly implicating temporo-limbic and frontal 
neocorticall  regions1^ lft. In contrast, there have been fewer studies on white matter 
volumes,, but diffusion tensor imaging (DTI)17|g,and magnetic transfer imaging (MTI) 
studies2"'211 and micro-array data22 n suggest that white matter integrity, including 
oligodendrogliaa and myelination may be compromised in schizophrenia24. 

Theree are relatively few neuroimaging studies of people with VCFS. Qualitative 
studiess have reported that people with VCFS have a high prevalence of white 
matterr hyperintensities (WMHIs, which may reflect abnormalities in myelination 
andd high water content), septum pellucidum abnormalities, and a small cerebellar 
vermiss 252Q. Quantitative studies reported that learning disabled VCFS children 
(withoutt psychosis) when compared with healthy normal intelligence children 
havee a generalised reduction in volume of both cerebral hemispheres (mostly 
affectingg white matter), combined with increased volume of frontal lobe and 
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decreasedd volume of left parietal grey matter ,(Ut. There are only two quantitative 
neuroimagingg studies in adults with VCFS. We reported that, when compared to !Q 
matchedd controls, VCFS adults have a smaller cerebellar volume, widespread deficits 
inn white matter, and localised grey matter deficits in temporal and cerebellar regions 
?;.. Our study, however did not differentiate between VCFS individuals with or without 
schizophrenia.. Recently, Chow et al. "compared adults with VCFS and schizophrenia 
too healthy non-VCFS controls, and reported that VCFS adults with schizophrenia had; 
aa smaller volume of total grey matter; regional differences in grey and white matter in 
frontal,frontal, temporal, parietal and occipital lobes; and an increased volume of ventricular 
andd sulcal CSF bilaterally. Although this study was an important first step, their control 
groupp was not matched for the presence of VCFS or IQ, and so it is unclear if the 
differencess they reported are due to the presence of VCFS, schizophrenia, learning 
disabilityy - or all three. 

Too our knowledge, there have been no studies comparing the brain anatomy of VCFS 
adultss with and without schizophrenia. We therefore extended our previous work 
andd examined the brain structure of schizophrenic and non-schizophrenic adults with 
VCFSS and chromosome 22ql 1 deletion, and a healthy IQ matched control group using 
structurall  magnetic resonance imaging (MRI). We tested the hypothesis that 1) VCFS 
adultss with schizophrenia have a significant reduction of brain volume in frontal and 
temporo-limbicc brain regions reflecting brain abnormalities associated with psychosis 
inn the general population; 2) both VCFS adults with and without schizophrenia would 
havee a significant reduction of cerebellar volume reflecting a brain abnormality specific 
forr VCFS. 

SUBJECTSS AND METHODS 
Subjects: : 
Approvall  for the study was granted by the local ethics committee, and all subjects 
gavee written informed consent after the procedure was fully explained. All subjects 
weree screened for medical conditions affecting brain function using a semi-structured 
clinicall  interview and routine blood tests. Also, a semi-structured psychiatric interview 
wass performed (Schedules for Clinical Assessment in Neuropsychiatry) u to establish 
aa DSM-IV (American Psychiatric Association, 1994) diagnosis using a methodology 
describedd elsewhere*. Full scale intelligence (FSIQ) was measured using the Canavan 
shortenedd version of the Wechsler Adult Intelligence Scale - Revised comprising of 
fivefive subtests: Vocabulary, Comprehension, Similarities, Block Design, and Object 
Assembly15.. People with VCFS were recruited from the University of Wales College of 
Medicine,, Cardiff and the Behavioural Genetics Clinic, Institute of Psychiatry, London. 
Wee included 25 subjects with clinical features of VCFS and a 22ql 1 deletion detected 
byy fluorescence in situ hybridisation (FISH) (Oncor Inc, Gaishersburg, MD 20877, 
USA).. The VCFS group was subdivided into two: those who met DSM-IV criteria for 
schizophreniaa (n=13, 7 females / 6 males, age 34 years (SD 11), IQ 69 (SD 8), all on 
antipsychoticc medication and duration of illness > 1 year. 2 of which hospitalized at 
timee of scanning) and those who had no history of psychosis (n= 12,8 females / 4 males, 
311 years (SD 10) and IQ 74 (SD 9)). A third, healthy control group was included, 
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recruitedd from local community centres for people with mild or borderline learning 
disabilitiess (n - 14, 8 females / 6 males, 36 years (SD10) and IQ 75 (SD 16)). 

Imagee acquisition 
MR11 of the brain was performed on a GE Signa 1.5 Tesla system (General Electric, 
Milwaukee,, WI, USA) at the Maudsley Hospital London, UK. A coronal volumetric 
spoiledd grass (SPGR) data set covering the whole head was acquired (repetition time 
(TR)) = 13.8 ms, echotime (TE) = 2.8 ms, 124 slices, 1.5 mm slice thickness). This 
datasett was used to perform manual tracing of brain volumes36. In addition, we 
acquiredd a whole brain near axial dual - echo fast spin-echo (FSE) data set aligned 
withh 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 
determinee between-group differences in grey and white matter volume using a 
previouslyy published methodology 32-37-Jit. Three types of analysis were performed, 
onee qualitative and two quantitative; all blind to subject group status. 

Qualitativ ee analysis 
Bothh MR] datasets were assessed qualitatively by a neuroradiologist. The presence 
andd extent of ventricular WMHIs was assessed using a four point rating scale 
adoptedd from Kozachuk 2S as follows: grade 0 = ventricular WMHIs absent; grade 
11 = frontal or occipital caps or pencil thin lining of the lateral ventricle; grade 2 = 
smoothh halo surrounding the lateral ventricles; and grade 3 = irregular ventricular 
WMHIss extending into the deep white matter. Deep WMHIs were graded as follows: 
gradee 0 = absent; grade 1 = punctuate foci either focal or symmetrical; grade 2 = 
mildd confluence of foci; and grade 3 = large confluence of foci. Peripheral WMHIs 
weree graded similarly to deep WMHI. Congenital abnormalities in cerebellum and 
cerebrumm were also noted as being present or absent. 

Manuall  tracing 
Ass described previously, volumetric analysis of total and regional brain areas was 
performedd on a reformatted SPGR dataset using Measure software w. Total, right, 
andd left caudate, putamen, hippocampus, amygdala, frontal, occipitoparietal, 
andd temporal lobe, cerebral hemispheres, and cerebellum, brainstem, ventricular 
cerebrospinall  fluid (CSF) volume were traced using region of interest bounderies 
ass previously described 32i 3<MI. The volume of each region was calculated by 
multiplyingg the summed pixel cross-sectional areas by slice thickness, lntra-rater 
andd inter-rater reliabilities (range 0.90-0.99) were determined for all brain regions 
tracedd by the operators and were highly significant (F>4.0 and P<0.002)42. 

Voxel-wisee analysis 
Voxelss representing extracerebral tissue were automatically set to zero43 and the 
probabilityy of each intracerebral voxel belonging to grey matter, white matter, 
CSF,, or dura / vasculature tissue classes was then estimated by a modified fuzzy 
clusteringg algorithm44. On the basis of prior results, we equated these probabilities 
too the proportional volumes of each tissue class in the often heterogeneous volume 
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off  tissue represented by each voxel4'. Thus, for example, if the probability of grey 
matterr class membership was 0.8 for a given voxel, it was assumed that 80% of 
thee tissue represented by that voxel was grey matter. Because the voxel size was 
predeterminedd (2.2 mm'), we then estimated the volume in millilitre s of grey matter, 
whitee matter and CSF in each voxel. Summing these voxel tissue class volumes over 
alll  intracerebral voxels yielded global tissue class volumes. 

Too allow estimation of between-group differences at each intracerebral voxel, the 
shortt echo (proton-density-weighted) FSE images were co-registered using an affine 
transformation466 47 with a template image in the coordinate system of standard space 
ass defined by Talairach & Tournoux4*. This individually estimated transformation 
wass then applied to each of that subject's grey and white tissue probability maps. 

Statistics: : 
QualitativeQualitative data: 

Groupp differences in frequencies of structural abnormalities were assessed using 
Fisher'ss Exact test, whereas between group differences in extent of WMHIs were 
assessedd using a univariate general linear model (GLM), with level of significance 
forr both tests at p < 0.05. 

AnalysisAnalysis of'MRI data using manual tracing: 
Thee analysis of manually traced volumes (Measure) was carried out using SPSS 
(SPSSS 10.0 for Windows, SPSS Inc., Chicago, Illinois, USA). Data were first 
examinedd for normality to conform to the assumptions of the parametric statistics 
employed.. Between-group differences in uncorrected total regional brain volumes 
weree calculated using a univariate GLM with group (schizophrenic VCFS {S-
VCFS)) or non-schizophrenic VCFS (NS-VCFS), controls) and gender (male, 
female)) as the between-subject variables, and age, and total intracranial volume 
(ICV)) as covariates and where appropriate Bonferroni adjustments for multiple 
comparisons.. The significance level was defined as p < 0.05. 

AnalysisAnalysis of'MRI data using computerized voxel-wise analysis: 
FSEE data were unavailable for 2 of the S-VCFS and 2 of the control subjects. 
Totall  grey and white matter and CSF volumes in the S-VCFS and NS-VCFS, and 
controll  groups were compared by univariate GLM controlling for gender, age, 
andd ICV (SPSS10.0) and where appropriate Bonferroni adjustments for multiple 
comparisons.. Between-group differences in grey and white matter were localized 
byy fitting an appropriate GLM at each intracerebral voxel. Inference was via a 
permutationn distribution of spatially informed statistics with significance levels 
sett to control for multiple comparisons by having less than one estimated false 
positivee regions (clusters) across the image (p<0.001). In brief the processing 
proceededd as follows. Maps of the standardised GLM model coefficient of interest 
(group)) at each voxel were thresholded such that only voxels with probability < 
0.055 were retained. The sum of voxelwise statistics for each three-dimensional 
suprathresholdd cluster was the test statistic, the sign indicating a relative excess or 
deficitt in local tissue density. Significance testing of the clusters was performed 
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usingg a null distribution of this test statistic similarly obtained after repeatedly 
randomlyy permuting the relevant factor in the GLM and refitting of the model4'*. 

RESULTS S 
Qualitativ ee (radiological) findings 
Thee prevalence of septum pellucidum abnormalities was not equally distributed over 
thee 3 groups: 31 % S-VCFS subjects, 50% in NS-VCFS subjects and 0% in the control 
groupp (Fisher's Z= 8.2, p = 0.02). However, there were no significant between-group 
differencess in any other qualitative variable we measured or in severity of WMHIs 
(Tablee 1). 

Brainn volumes analysed using manual tracing 
Theree was a significant group (F (2, 32) = 3.4, p = 0.04) and gender (F (1, 32) = 10.8, 
pp = 0.002) effect on ICV, but no group by gender interaction. Pairwise comparisons 
withh Bonferroni adjustments for multiple comparisons showed a significant decreased 
ICVV in the S-VCFS group compared to the control group and in thee female compared 
too the male group. In addition after adding ICV as a covariate to the model, there 
wass a significant group effect on volume of total (F (2, 31) = 6.08, p = 0.006), left (F 
(2,, 31) = 7.99, p = 0.002) and right (F (2, 31) = 5.1, p = 0.01) cerebral hemispheres; 
totall  (F (2, 31) - 5.4, p - 0.01), left (F (2, 31) -3 .3, p - 0.05) and right frontal lobe 
(FF (2, 31) = 5.5, p = 0.009); total (F (2, 31) = 5.1. p = 0.01). left (F (2, 31) = 6.02, p 
== 0.006), and right temporal lobe (F (2, 31) = 3.35, p = 0.05), cerebellum (F (2, 31) 
== 14.1, p = 0.0005), brainstem (F (2, 31) - 4.02, p - 0.03) and total sulcal CSF (F (2, 
31)) = 9.3, p = 0.001) (table 2). Pairwise comparisons with Bonferroni adjustments 
forr multiple comparisons revealed that cerebellar volume was significantly smaller 
inn both S-VCFS and NS-VCFS groups compared to controls. Furthermore, total and 
leftt cerebral hemisphere volume were significantly smaller and sulcal CSF volume 
significantlyy larger in the S-VCFS compared to both NS-VCFS and control groups. 
Decreasess in volume of right hemisphere, total and right frontal lobe; total, left and 
rightt temporal lobe; and brainstem volume were observed in the S-VCFS group 
comparedd to the control group only. There was a significant effect of age on total (F 
(1,, 31) - 9.14, p - 0.005), left (F (1, 31) - 6.36, p - 0.02) and right (F {K 31) = 12.02. 
pp = 0.002) frontal lobe, but no age x group interactions. There were no significant 
effectss of age and gender on any of the other brain structures. 
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Tablee 1 Qualitative (radiological) findings in SACKS, NS-VCFS and healthy 
controls s 

Structur e e 

Smalll  / abnormal cerebellar  vermis 

Cavumm septum pellucidum/vergae 

Totall  presence of WMH 1 

Ventricularr  WMH 1 

Deepp WMH I 

Peripherall  WMH I 

Meann rating ventricular  WMH I (SD> 

Meann rating deep WMH I (SD) 

Meann rating peripheral WMH I (SD) 

S-VCFSS <n=13) 

0 0 

4 4 

8 8 

1 1 

s s 

7 7 

0.099 (0.3) 

0.9(1.2) ) 

1.5(1.3) ) 

NS-VCFSS (n=12) 

' ' 

6 6 

7 7 

4 4 

4 4 

3 3 

0.55 (0.9) 

1.0(1.5) ) 

0.6(1.2) ) 

Controlss (n=12) 

0 0 

0* * 

3 3 

1 1 

3 3 

4 4 

0.088 (0.29) 

0.333 (0.65) 

0.422 (0.67) 

WMHIss = white matter hyperintensities 
**  p<0.05 Fisher's exact 
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Tablee 2 Manual traced brain volumes in SACKS, NS-VCFS, and Controls 

Brainn Structur e 

Total l 
intracrania l l 
volume e 

Hemispheres s 

Total l 

Left t 

Right t 

Frontall  lobes 

Total l 

Left t 

Right t 

Occipitoparietal l 
lobes s 

Total l 

Uf t t 

Right t 

Temporall  lobe» 

Total l 

Left t 

Right t 

Putss men 

Total l 

Left t 

Right t 

Caudate e 

Total l 

Left t 

Righl l 

Lateral l 
ventricles s 

Total l 

Left t 

S-VCFSS (n=13) 

1239.68(181.22) ) 

928.13(99.96) ) 

458.233 (48,52) 

463.73(47.10) ) 

463.06(49.60) ) 

227.244 (26.60) 

233.66(21.82) ) 

346.244 (49.02) 

175.16(25.65) ) 

170.65(24.68) ) 

118.611 (16.17) 

57.755 (8.29) 

60.86(9.10) ) 

6.98(1.56) ) 

3.60(0.92) ) 

3.399 (0.73) 

7.69(1.49) ) 

3.855 (0.76.) 

3.85(0.75) ) 

26.57(39.61) ) 

13.62(21.04) ) 

NS-VCFSS <n=I2) 

1298.40(118.0) ) 

1012.57(89.06) ) 

500,02(42.75) ) 

507.222 (47.58) 

501.311 (41.73) 

245.944 (20.94) 

253.87(22.81) ) 

380.78(51.73) ) 

190.40(28.77) ) 

189.88(24.15) ) 

132.28(18.05) ) 

65.02(8.41) ) 

67.26(10.12) ) 

6.699 (0.79) 

3.38(0.37) ) 

3.311 (0.46) 

8.055 (0.92) 

4.044 (0.44) 

4.03(0.51) ) 

14.088 (4.90) 

7.111 (2.53) 

Controlss (n=l4> 

1373.42 2 
(124.24) ) 

1065.62(98.73) ) 

524.833 (48.02) 

534.79(53.03) ) 

528.822 (53.22) 

255.75(24.14) ) 

269.48(31.93) ) 

395.611 (44.2) 

201.53(21.13) ) 

203.944 (30.72) 

144.0(J5.07) ) 

71.09(6.93) ) 

72.922 (8.82) 

7.6 6 
3(1.32) ) 

3.922 (0.66) 

3.711 (0.73) 

8.08(1.14) ) 

4.044 (0.48) 

4.044 (0.73) 

20.766 < 11.85) 

11.27(6.23) ) 

PP - value, 
dff  =2,31 

0.04* * 

0.006** * 

0.002** * 

0.01** * 

0.01** * 

0.05* * 

0.009** * 

0.30 0 

0.40 0 

0.19 9 

0.01** * 

0.006** * 

0.05* * 

0.40 0 

0.29 9 

0.64 4 

0.82 2 

0.86 6 

0.79 9 

0.07 7 

0.09 9 

Effect t 
size e 

0.18 8 

0.28 8 

0.34 4 

0.25 5 

0.26 6 

0.18 8 

0.26 6 

0.08 8 

0.06 6 

0.10 0 

0.25 5 

0.28 8 

0.18 8 

0.06 6 

0.08 8 

0.03 3 

0.01 1 

0,01 1 

0.02 2 

0.16 6 

0.15 5 

Power r 

0.6 6 

0.85 5 

0.94 4 

0.78 8 

0.81 1 

0.58 8 

0.82 2 

0.26 6 

0.2 2 

0.34 4 

0.78 8 

0.85 5 

0.59 9 

0.20 0 

0.26 6 

0.12 2 

0.08 8 

0.07 7 

0.08 8 

0.52 2 

0.49 9 
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Right t 

Thir dd ventricl e 

SulcalCS F F 

Hippocampu s s 

Total l 

Left t 

Right t 

Amygdala a 

Total l 

U f i i 

Right t 

Cerebellu m m 

Brainste m m 

12.711 (17.99) 

1.24(2.771 1 

162.311 (67.58) 

4,811 (0.90) 

2.27(0.41) ) 

2.54(0.52» » 

4.03(0.961 1 

2.00(0.49) ) 

2.04(0.50) ) 

99.355 03.43) 

22.09(3.72) ) 

6.96(2.64) ) 

0.511 (0.43) 

139.59(42.06) ) 

5.17(0.67) ) 

2.511 (0.34) 

2.66(0.41) ) 

4.26(0.71) ) 

2.12(037) ) 

2.15(0.39) ) 

1066 56(14.85) 

25.11 (3.4) 

9,56(6.06) ) 

0.85(0.62) ) 

133.677 (43.H7> 

5.388 (((81) 

2.544 ((1.46) 

3.0(0.48) ) 

4.111 (0,42) 

1.98(0.26) ) 

2.13(0.32) ) 

I2">.33(1t.79| | 

2«.15(4,23) ) 

0.07 7 

0.12 2 

0.0011 * * 

0.37 7 

0.24 4 

0.13 3 

0.61 1 

0.53 3 

00 70 

0.0005** * 

0.03* * 

0.16 6 

0.13 3 

0.38 8 

0.07 7 

0.09 9 

0,13 3 

0.03 3 

00 04 

0.03 3 

0.48 8 

0.21 1 

0.53 3 

0.43 3 

0.97 7 

0.21 1 

0.30 0 

0.41 1 

0.12 2 

0.15 5 

0.1 1 

1.0 0 

0.67 7 

Totall  and regional brain volumes (ml). Values are group means (SD); * p<0.05, 
**p<0.01 1 

Tissuee class volumes analysed using computerized voxel-wise analysis 
Totall  tissue class volumes are shown in table 3. There was no significant effect of 
groupp on total grey matter volume. However, there was a significant effect of group 
onn volume of total white matter (F (2, 26) = 8.73, p = 0.001) and total CSF (F (2, 26) 
== 8.57, p = 0.001). Pairwise comparisons with Bonferroni adjustments for multiple 
comparisonss revealed that total white matter volume was significantly decreased and 
totall  CSF volume significantly increased in the S-VCFS group compared to both 
thee NS-VCFS and the control group. Also, there was a significant effect on age for 
totall  grey matter (F (1, 26) = 12.12, p - 0.002) and white matter (F (1, 26) - 10.56, 
pp = 0.003), and an gender x group interaction for white matter (F (2, 26) = 3.88, p = 
0.03)) (with males in the S-VCFS group showing a greater reduction in white matter 
volumee than females). 

SpatialSpatial extent statistics. The central coordinates and volumes of the three-dimensional 
clusterss of brain tissues that were significantly different (p=0.001) are shown in table 
4.. The S-VCFS group compared to the control group had six significant grey matter 
deficitt regions, two in (left and right) cerebellum, one in right superior temporal 
gyrus,, and three in right frontal regions (mid-frontal, inferior frontal, anterior 
cingulatee gyrus). Also, one grey matter excess region was identified in the S-VCFS 
group;; this was centered in the right anterior cingulate gyrus (figure 1). 
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Tablee 3 Tissue class volumes in S-VCFS, NS-VCFS and controls. 

Tissuee class (ml) 

Greyy matter 

Whil ee matter 

CSF F 

S-VCFSS (n-U) 

^s44 83 (91.48) 

534.822 (70.421 

213.88(86.30) ) 

NS-VCFSS (n=12) 

59738(87.14) ) 

569.011 (79.70) 

158.62(38.73) ) 

Controlss (n=ll ) 

590.12(61.47) ) 

643.822 (1>N.1(.) 

162.03(38.58) ) 

PP value. 

d.f.. 2. 
26 6 

0.94 4 

0.001** * 

0.001** * 

Effect t 
si/e e 

0.005 5 

0.40 0 

0.40 0 

Power r 

0.06 6 

0.95 5 

0.95 5 

Totall  tissue class volumes (ml). Values are group means (SD); **p<0.01 
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Figuree 1 
Relativee deficits (blue) and excesses (red) in grey matter  volume in S-VCFS 
peoplee compared with healthy IQ matched controls. The maps are oriented with 
thee right side of the brain shown on the left side of each panel. The z-coordinate 
forr  each row of axial slices in the standard space of Talairach & Tournoux (1988) 
iss given in millimetres. 

Thee NS-VCFS compared to the control group had one grey matter deficit region that 
wass located in right cerebellum extending to lelt cerebellum (figure 2). In addition there 
weree three grey matter excess regions all centered in the precentral regions, both left and 
right.right. Within-VCFS group comparisons revealed two grey matter excess regions in the 
S-VCFSS compared to NS-VCFS group located in left precentral regions. There were no 
greyy matter deficit regions in the S-VCFS group compared to the NS-VCFS group. 
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§§ • • § • • Figuree 2 
Relativee deficits (blue) and excesses (red) in grey matter  volume in NS-VCFS 
peoplee compared with healthy IQ matched controls. The maps are oriented with 
thee right side of the brain shown on the left side of each panel. The /-coordinate 
forr  each row of axial slices in the standard space of Talairach &  Tournoux (1988) 
iss given in millimetres. 

Whitee matter deficits in the S-VCFS group compared to the control group were 
concentratedd in four spatially extensive regions all covering frontal lobe regions: 
twoo involving left and right right precentral gyrus, one extending to left anterior 
cingulate,, and one involving right medial frontal region (figure 3). In contrast, one 
areaa of excess white matter volume was observed centered in the brainstem of the 
S-VCFSS group. 
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Figuree 3 
Relativee deficits (blue) and excesses (red) in white matter  volume in S-VCFS 
peoplee compared with healthy IQ matched controls. The maps are oriented with 
thee right side of the brain shown on the left side of each panel. The z-coordinate 
forr  each row of axial slices in the standard space of Talairach &Tournou x (1988) 
iss given in millimetres. 

Inn the NS-VCFS group, compared to controls, one cluster of white matter deficit was 
identifiedd and this was centered in right fasciculus longitudinal is superior extending 
intoo right inferior frontal lobe (figure 4). Also, in the NS-VCFS group, significant 
excesss white matter was localised in two clusters, -left and right fasciculus occipito-
frontalis.. Within VCFS group comparisons revealed one cluster of white matter 
excesss in the S-VCFS group compared to the NS-VCFS group located in the posterior 
cingulate;; there were no white matter deficit regions. 

Figuree 4 
Relativee deficits (blue) and excesses (red) in white matter  volume in NS-VCFS 
peoplee compared with healthy IQ matched controls. The maps are oriented with 
thee right side of the brain shown on the left side of each panel. The /-coordinate 
forr  each row of axial slices in the standard space of Talairach &  Tournoux (1988) 
iss given in millimetres. 
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Tablee 4 Coordinates of regional differences in grey and white matter  volume 
inn VCFS adults with and without schizophrenia compared to IQ-matched 
controls s 

Cerebrall  region 

S-VCFSS - controls 

Greyy Matter  Deficit 
Cerebellum m 

Frontal::  anterior cingulate 

Inferiorr frontal gyrus 

midd frontal gyrus 

Temporal::  superior temporal gyrus 

Greyy Matter  Excess 

Frontal::  medial frontal gyrus 

Whit ee Matter  Deficit 

Frontal::  prccemral regions 
Superior/midd frontal 

regions s 
Superiorr frontal regions 

Mediall  frontal 

Whit ee Matter  Excess 

Brainn stem 

NS-VCFSS - controls 

Greyy Matter  Deficit 
Cerebellum m 

Greyy Matter  Excess 

Frontal::  precentral gyrus 

precentraii  gyms 

precentrall  gyrus 

Whit ee Matter  Deficit 

Fasciculuss longitudinalis superior 

Whit ee Matter  Excess 

Fasciculuss occipitofrontal is 

Fasciculuss occipito-frontalis 

S-VCFS-NS-VCFS S 

Greyy Matter  Excess 

Frontal :: precentral gyrus 

mediall  frontal gyrus 

Whit ee Matter  Excess 

posteriorr cingulate 

Brodmannn area 

32 2 

47 7 

10 0 

22 2 

24 4 

4 4 

4 4 
4 4 

4 4 

6 6 

n n 

1814 4 

542 2 

1133 3 

329 9 

8 8 

15 5 

4774 4 

575 5 

392 2 

245 5 

273 3 

4079 9 

1360 0 

228 8 

228 8 

11 1 

415 5 

1067 7 

830 0 

378 8 

17 7 

173 3 

Tall  (x) 

-10.3 3 

29.2 2 

3.8 8 

34.0 0 

38.2 2 

45.6 6 

1.2 2 

34.9 9 

-23.2 2 

13.8 8 

-24.9 9 

0.9 9 

-4.0 0 

39.1 1 

-42.3 3 

322 2 

33.7 7 

-24.0 0 

24.3 3 

-21.3 3 

-4.7 7 

0.7 7 

Tal(y) ) 

49,0 0 

-60.3 3 

42.7 7 

13.0 0 

48.5 5 

0.7 7 

-7,7 7 

-5.4 4 

-15.5 5 

53.5 5 

42.8 8 

-36.1 1 

-61.0 0 

-5.4 4 

-8.3 3 

-20.3 3 

15.5 5 

39.3 3 

-41.3 3 

-244 2 

-23.4 4 

-38.3 3 

Tall  <z) 

14.4 4 

-13.1 1 

6.6 6 

-18,2 2 

4,2 2 

-3.8 8 

45.9 9 

42.6 6 

48.9 9 

3.4 4 

-3.5 5 

-11.4 4 

-12.1 1 

47.5 5 

43.5 5 

59.5 5 

13.5 5 

17.0 0 

21.9 9 

58.8 8 

58.2 2 

24.8 8 

Side e 

L L 

R R 

R R 

R R 
R R 

R R 

R/L L 

R R 

L L 

R R 

L L 

R/L L 

L L 

R R 

L L 
R R 

R R 

L L 

R R 

L L 

L L 

R/L L 

Locationn of each cluster's centroid is given in Talaraich coordinates (Tal x, y. z, mm), 
nn = number of voxels in each cluster. Theclusterwise probability is p = 0.001 
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DISCUSSION N 
Wee believe that this is the first (preliminary) study to investigate brain anatomy 
inn VCFS individuals with and without schizophrenia using an IQ matched healthy 
controll  group as a reference. We found that both S-VCFS and NS-VCFS groups 
havee a smaller volume of cerebellum and increased frequency of septum pellucidum 
abnormalities.. In addition, the S-VCFS group (compared to both control and NS-
VCFSS groups) had a significant reduction in volume of both total (white + grey) brain 
matterr and white matter in whole brain. The S-VCFS group also had a significant 
increasee in volume of total and sulcal CSF. It is unlikely that our findings can be 
explainedd by differences in IQ, age, gender or non-specific factors associated with 
beingg learning disabled, as the groups did not differ in IQ and we controlled for age 
andd gender distribution. 

Qualitativee analysis of our data revealed abnormalities that have been previously 
reportedd in people with VCFS 3" and in non-VCFS related schizophrenia *"  "'. 
Cavumm septum pellucidum was observed in both VCFS groups equally frequently -
irrespectivee of whether schizophrenia was present. Septum pellucidum abnormalities 
aree of unknown clinical significance and are also seen in people with and without 
learningg disabilities without mental illness32-?2 (although they were not present in 
ourr control group). The presence of WMHls in the majority of subjects in both 
VCFSS groups at a relatively young age could indicate white matter tract disruption 
possiblyy of a vascular origin, although we did not use a method that is sensitive to 
fiberr tract visualization, like DTI  5\ However, in our study these abnormalities were 
equallyy common in VCFS people with and without schizophrenia; and there were 
noo significant between-group differences in frequency or severity of WMHIs. In 
addition,, WMHIs were also present in thee control group. Thus, WMHIs and septum 
pellucidumm abnormalities are frequently present in VCFS individuals with and 
withoutt schizophrenia and are most likely not related to the presence / absence of a 
psychoticc illness. 

Ourr quantitative analysis revealed that the S-VCFS group, compared to both the NS-
VCFSS and control groups have a generalized reduction in total brain (grey + white 
matter)) volume and total white matter volume and an increase in total and sulcal 
volumee of CSF. However, we also found that the S-VCFS group (as compared to 
thee control group only) had a reduction in volume of the frontal, and temporal lobes. 
Thesee findings are in agreement with results from other MRI studies of schizophrenia 
inn both the general population"1 and in children116 and adults" with VCFS. 

Inn contrast to a prior report in people with VCFS", we did not find a significant 
diffusee loss of grey matter in adults with S-VCFS. We suggest that our results differ 
fromm those of Chow et al.v1 because they included non-VCFS controls with an above 
averagee level of intellectual functioning (mean IQ 116). Thus the differences they 
observedd in total grey matter volume could have been confounded by differences in 
subjectt intelligence and health status - e.g. IQ is positively correlated with cortical 
greyy matter volume54. 
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Bothh S-VCFS and NS-VCFS groups had a smaller total cerebellar volume and 
cerebellarr grey matter compared to the control group. This finding further supports 
thee results from our previous work'- and other qualitative5' and quantitative Sh studies 
inn VCFS children. Others have suggested that in the general population psychosis 
iss associated with cerebellar abnormalities'". Our results suggest that cerebellar 
abnormalitiess are specific to people with VCFS, however these are not related to the 
presencee / absence of psychosis. 

Inn contrast, the S-VCFS group demonstrated generalized loss of total brain (grey + 
white)) and total white matter volume "together with an increase in total and sulcal 
CSFF volume' as compared to both NS-VCFS and control groups. In addition, our 
quantitativee analysis revealed regional differences in grey and white matter. These 
weree most pronounced in frontal lobe regions in S-VCFS adults. Prior MRT studies 
inn children and adults with VCFS reported differences in development of frontal lobe 
?(''  \ Moreover, abnormalities in the function, structure and metabolism of frontal 
regionss have been frequently reported in the non-VCFS schizophrenic population. 
Forr example, both grey ?!i and white matter 59' 3K deficits have been reported in 
frontall  brain regions and findings from longitudinal MRI studies 6(J' 6I suggest a 
progressivee volume reduction in frontal regions, including frontal white matter bZ. 
Normall  brain maturation takes place last in the frontal regions during adolescence 
andd is accompanied by both increased synaptic pruning and myeiination - leading 
too a reduction of volume in grey matter and increase in white matter 6\ We found 
thatt people with S-VCFS had a reduction in whole brain volume, but with regional 
differencess in grey and white matter particularly affecting frontal regions. Thus our 
findingss might suggest that people with VCFS may have abnormalities in frontal 
maturation,, and this could predispose to the development of schizophrenia. We 
thereforee suggest that 22ql 1 deletion is associated with the presence of a generalised 
disturbancee in brain development which increases the liability for developing 
psychosis.. However psychosis may only develop when regionally specific 
neurodevelopmentall  differences of frontal regions also occur - leading to changes in 
thee volume and tissue composition of frontal regions. 

Wee did not find support for our hypothesis that people with S-VCFS have a reduced 
volumee of hippocampus, but found reduced temporal grey matter and temporal lobe 
volumee compared to the healthy control group. This finding is in agreement with, 
resultss by Chow et al.33 who found reduced temporal grey matter volumes in their 
samplee of adults with VCFS and schizophrenia, compared to normal IQ controls, a 
findingg also frequently reported in the non-VCFS associated schizophrenia. 

Thee cause of the differences in brain anatomy of people with VCFS, its relation to 
schizophreniaa and the time course of their development, is unknown. Our study 
wass cross-sectional and therefore we cannot determine if these differences in brain 
anatomyy change across the lifespan. Nonetheless we found that sulcal CSF volume 
wass increased in S-VCFS adults and this adds tentative support to the hypothesis 
thatt schizophrenia is associated with an abnormal neurodevelopmental process that 
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iss not limited to an aberration in prenatal brain development, but progresses even 
afterr postnatal brain volume expansion is complete. Also, our results do not allow 
uss to draw conclusions as to whether schizophrenia in VCFS is due to a primary 
abnormalityy in grey matter development (e.g. differences in programmed cell death 
(apoptosis)),, with secondary changes of white matter structure, or vice versa. There 
iss preliminary evidence to suggest that differences in programmed cell death may 
underliee the differences in brain anatomy we found in our study. For example, recent 
studiess reporting that PRODH2, a gene located at 22q 11, is implicated in apoptosis" 
andd that variation within the PRODH2/DGR6 locus at 22qll might contribute to 
VCFSS associated schizophrenia'*, though the latter study has not been replicated66. 
Alternatively,, schizophrenia in VCFS may be related to developmental differences 
inn white matter structure (e.g. possibly as a result of abnormal myelination) with 
consequentt disturbances in connectivity between neocortical and limbic grey matter 
regions.. Schizophrenia in the general population is increasingly seen by some as a 
supraregionall  disorder involving differences in interconnecting white matter tracts1* 
andd neuronal connectivity67 possibly associated with oligodendroglial dysfunction 
resultingg in abnormalities in myelin maintenance and repair4. In favour of this 
argumentt is the finding that in children with VCFS (who are at risk of developing 
psychosis)) white matter may be more compromised than grey matter, and WMHls 
aree common'031. Also, we found overall white matter to be compromised in S-VCFS 
whereass there were no between-group differences in total grey matter volume. 

Anotherr potential candidate gene for schizophrenia in VCFS is the catechol-O-
methyltransferasee gene (COMT; the enzyme that degrades dopamine). COMT lies 
withinn the 22ql 1 region and therefore people with VCFS have a reduced gene dosage 
off  COMT. Also, a recent study demonstrated that variation in activity of COMT, 
mayy have neurobiological effects specific to the prefrontal cortex and modulate the 
riskk for schizophrenia in the general population6** . Moreover, others have suggested 
thatt in schizophrenia neurodevelopmental abnormalities of prefrontal dopaminergic 
systemss result in enhanced vulnerability to sensitization during late adolescence and 
earlyy adulthood6i). Although there is littl e evidence yet that COMT plays a major role 
inn the development of schizophrenia in VCFS™ 7I. it cannot be excluded that reduced 
genee dosage of COMT affects the integrity of the dopaminergic system, including 
it'ss prefrontal projections and so increases susceptibility for schizophrenia in people 
withh VCFS. 

Ourr sample size and the cross-sectional design is a limitation of this study, but 
wee were still able to detect several significant differences with a large effect size 
andd sufficient power, and as noted by others2" the effect size for structural brain 
abnormalitiess in this group of patients is relatively large. In addition we carried out 
multiplee statistical comparisons and thereby increased the risk of a type I error (false 
positivee outcomes). However, we feel this is unlikely to fully explain our results. 
Wheree possible, adjustments for multiple comparisons were made. Also, we found 
significantt effects on manually traced brain volumes (e.g. reduced cerebellar volume) 
thatt were consistent with our computerized voxel-wise analysis. Moreover, in our 
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computerizedd voxel-wise analysis of grey and white matter volumes, the level of 
significancee adopted was chosen specifically to yield less than one false-positive 
cluster.. We did not control for effects of neuroleptic medication, parental 1Q and 
parentall  head circumference and therefore we cannot exclude these as potential 
confoundss of our results. Also, we did not quantify white matter lesions and did not 
relatee them to other outcome variables. 

Inn conclusion, our results, although preliminary, suggest that structural brain 
abnormalitiess present in people with S-VCFS are partially similar to those seen in 
peoplee with schizophrenia in the general population. Our findings are compatible 
withh an abnormal neurodevelopmental process which continues even after postnatal 
brainn volume expansion has been completed. We suggest that this results in 
generalisedd abnormalities in brain anatomy, but particularly affecting white matter 
andd frontal brain regions. Larger and longitudinal studies are planned to replicate 
thesee findings, and to determine how genetic and environmental variables are related 
too the development of schizophrenia in VCFS. 
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ABSTRACT T 
Velo-cardii  o-facial syndrome (VCFS) is a genetic disorder associated with 22qll 
deletion,, a characteristic clinical phenotype. behavourial problems, specific cognitive 
deficitss and high rates of psychosis (particularly schizophrenia). The study of VCFS 
providess an unique opportunity to identify susceptibility genes for schizophrenia and 
itss associated cognitive deficits. To date there have been no studies investigating the 
impactt of schizophrenia on cognitive function in adults with VCFS. Therefore we 
studiedd the neuropsychological profile in 28 adults with VCFS; 13 with schizophrenia 
(meann age (  SD) 34 yrs  11, 1Q 71  11) and 15 without a history of psychosis (mean 
agee 33 yrs  11, IQ 75  11) using a comprehensive neuropsychological battery. The 
VCFSS group with schizophrenia performed significantly <p<0.05) worse on tests of: 
1)) spatial working memory and strategy formation; 2) the similarities sub-test of 
WAIS;; 3) visual recognition; and 4) attention. These deficits may reflect differences 
inn the development and function of frontal brain regions, and this might increase the 
riskk of developing schizophrenia in VCFS. Future studies will need to address how 
haploinsufficiencyy of genes on chromosome 22qll might affect cognition and its 
relationn to the development of psychosis. 
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INTRODUCTION N 
Velo-cardio-faciall  syndrome (VCFS), a relatively common genetic syndrome 
occurringg in approximately 1:4000 live births, is associated with interstitial deletions 
att chromosome 22qll [I] . The physical phenotype is variable but cleft palate, 
cardiacc anomalies, a typical facial appearance and intellectual disabilities are the 
mostt common features [2, 3], The behavioural phenotype is characterised by social 
withdrawal,, anxiety, shyness and impulsivity with poor attention and concentration 
[4].. Children with VCFS have a high prevalence of psychiatric problems including 
attentionn deficit hyperactivity disorder, phobia, depression, and autistic spectrum 
disorderr [5-7], Although most research in VCFS has focussed on children and 
adolescents,, there is now good evidence that adults with VCFS are at increased risk 
off  developing psychosis, particularly schizophrenia [8-11]. This has created a unique 
opportunityy to identify susceptibility genes at chromosome 22ql 1 for schizophrenia 
andd increase our understanding of the neurobiology of schizophrenia. 

NeurocognitiveNeurocognitive deficits are now recognized as an important dimension of 
schizophreniaa that may be more closely linked to functional outcome than symptoms 
[12.. 13]. A wide range of cognitive impairments have been reported in people with 
schizophreniaa particularly problems in attention, verbal and working memory, and 
executivee function [14-16]. However, the component cognitive processes that may 
accountt for these problems have not been determined and subsequently it has proven 
difficultt to relate them to underlying neurobi o logical substrates. Increasingly, it 
hass been suggested that the cognitive deficits found in schizophrenia may reflect 
vulnerabilityy or predisposition to the illness as opposed to secondary effects of 
thee disorder [13]. For example. Cannon et al. [17] reported that subtle cognitive 
abnormalitiess are present in children who go on to develop schizophrenia, and 
theyy suggested that genetically determined developmental processes may partially 
underliee cognitive dysfunction seen in schizophrenia. 

Specificc (probably partially genetically determined) cognitive impairments have been 
describedd in people with VCFS [7, 18, 19. 20]. These include deficits in arithmetic 
ability,, attention, concentration and visuospatial function. It has been suggested that 
thee neuropsychological profile of VCFS children resembles that of a non-verbal 
learningg disability; possibly associated with white matter pathology [21]. It is not 
yett clear how these cognitive deficits relate to the development of schizophrenia in 
peoplee with VCFS. because most of the neuropsychological studies of VCFS have 
beenn carried out in children and adolescents who did not have psychosis. Also. 
thesee studies did not include appropiately matched control groups [7,18,19] and 
consequentlyy their results may have partially reflected impairments related to a 
generalizedd intellectual impaiment. In the first study of its kind, we described the 
neuropsychologicalneuropsychological profile in adults with VCFS using an \Q matched control group 
andd found specific impairments in object perception, problem solving, planning, and 
abstractt and social thinking [20]. We hypothesized that haploinsufficiency of one or 
moree neurodevelopmental genes mapping to chromosome 22ql 1 could underlie the 
cognitivee deficits observed in individuals with VCFS. 
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Too our knowledge there are no studies comparing neuropsychological profiles of 
VCFSS adults with and without schizophrenia. Consequently, we extended our 
previouss study and used a comprehensive neuropsychological test battery covering 
majorr areas of functioning including intelligence, memory, attention and executive 
andd visuospatial functioning in VCFS adults with and without schizophrenia. We 
hypothesizedd that VCFS adults with schizophrenia would perform worse than adults 
withoutt schizophrenia on tests of executive function, attention, working - and verbal 
memory.. We further hypothesized that these deficits would not be accounted for by 
differencess in [Q. 

METHODOLOGY Y 
Subjects. . 
Twenty-eightt VCFS participants were recruited from the University of Wales 
Collegee of Medicine. Cardiff, and the Behavioural Genetics Clinic. Institute of 
Psychiatry,, London and were ascertained from a variety of sources. The majority 
off  participants were referred from departments of medical genetics throughout the 
UKK while a minority were referred from cardiology and psychiatric services and the 
VCFSS (UK.) support group. Participants underwent genetic, physical and psychiatric 
examinationss and routine laboratory investigations as discussed previously [8]. All 
288 participants demonstrated a chromosome 22qll deletion using fluorescent in 
situu hybridisation (FISH) (Oncor Inc., Gaithersburg, MD,USA). Thirteen subjects 
(46%)) of the sample fulfilled DSM-IV criteria for either schizophrenia (n=ll) or 
schizoaffectivee disorder (n=2). After a full description of the study, all subjects gave 
writtenn informed consent. 

Tablee 1. Demographic Data for  schizophrenic and non-schizophrenic subgroups. 

VCFS S 

Gender r 

Age e 

FS1Q Q 

Schizophrenic c 
( n-- 13) 

Malee - 6 
Femalee - 7 

34.366  10.59 

70.655  10.87 

non-ss c h i zo p hren i e 
<nn = 15) 

Male-4 4 
Femalee - 11 

32.56  10.71 

74.933  10.73 

PP Values 

0.30 0 

0.65 5 

0.31 1 

Neuropsychologicall  Testing. 
Intellectuall  functioning, memory, visuospatial/perceptual function, executive 
functionn and attention were measured using a test battery that is suitable for an 
intellectuallyy impaired population. 

GeneralGeneral Intellectual Functioning: The Canavan (1986) [22] short version of the 
Weschlerr Adult Intelligence Scale -Revised (WAIS-R) [23] was used comprising 
off  5 subtests: Vocabulary, Comprehension, Similarities. Block Design and Object 
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Assembly.. A pro-rating scoring system was used to obtain Intellectual Quotients 
(IQ's). . 

Memory:Memory: The Doors and People Test of Visual and Verbal Recall and Recognition 
[24]]  was chosen because of its suitability for a population with varying degrees of 
intellectuall  functioning. The test distinguishes between verbal and visual abilities 
inn patients who have undergone left and right temporal lobectomies and in addition 
wass found to be a suitable assessment of both recall, recognition and forgetting 
[25],, The test is divided into four sections: (1) Verbal Recall (People Test): 
Participantss are required to learn the fore and surnames of four characters with 
visuall  and verbal aids in the form of photographs and occupation. A maximum of 
threee trials are available to learn the names, and a further trial is repeated later as 
aa delayed verbal recall test; (2) Visual Recognition (Doors Test): Participants are 
requiredd to recognise 12 doors which are presented with three distracter doors in a 
2x22 array. There are two sets of 12; an easy set (A) and a harder set (B) which is 
nott administered in this study if the participant scores less than nine on set A (an 
optionn outlined in the manual); (3) Visual Recall (Shapes Test): Participants are 
requiredd to copy four simple drawings and then recall the shapes from memory. 
AA maximum of three trials are available to leam the drawings and a further trial 
iss repeated later as a delayed visual recall test; (4) Verbal Recognition (Names 
Test):: Participants are required to recognise forename/sumame pairs using the 
samee format as the Doors Test (i.e. recognition of the target names from a list 
withh three distracter names). The scoring technique provides results for individual 
componentss of memory functioning in addition to an overall score. 

Furtherr testing of verbal memory employed two subtests from the Wechsler 
Memoryy Scale - Revised (WMS-R) [26] the Logical Memory (immediate and 
delayedd recall of 2 short stories) and Paired Associates subtests (immediate and 
delayedd recall of matched pairs). 

VisKo-spatialVisKo-spatial and perceptual functioning: The Visual Space and Object Perception 
Batteryy (VOSP) [27] was used, made up of an initial screening test and 8 subtests 
dividedd into two sections: object perception and space perception. 

ExecutiveExecutive functioning: 
I)) Problem-Solving was tested using the 3-D Computerised Tower of London Task 

(3-DD CTL-Test) [28-30]. Two arrangements of three coloured discs on three differ 
entt size rods are displayed on a touch sensitive screen. The top arrangement is 
presentedd as the target and remains static whilst the lower design is rearranged by 
thee participant to match the target design. Participants are encouraged to solve each 
problemm in the least number of moves possible. The 3-D CTL-Test is completed 
whenn the subject has attempted four "three-move", four "four-move", and four 
"five-move""  problems. Planning ability is then calculated by administering the 3-D 
Computerisedd Tower of London Control Task (3-D CTL-Control) which uses the 
samee presentation of arrangements but eliminates the problem-solving tasks. 
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Thee combined data from the 3-D CTL-Test and the 3-D CTL-Control were used 
too calculate (a) the number of moves above the minimum required to solve each 
problemm (MAM) ; and (b) the true planning time (PT) by subtracting Control PT 
fromm Test PT 

2)) Spatial Working Memory and Strategy formation was measured using the 
Executivee Golf Task [29, 31] administered using a computer and touch sensitive 
screenn on which there is a representation of a golfcourse and a golfer. Each golf 
coursee has a specified number of flagged holes corresponding to the number of 
ballss which the golfer has available to putt. The participant is instructed to guess 
intoo which hole the golfer is going to putt the ball, and to remember which holes 
containn balls. Participants must keep in mind the rule "the golfer never putts a 
balll  into the same hole twice". The task increases in difficulty as it moves from 
twoo trials with two flags and balls, to three flags and balls, three trials with four 
flagss and balls, four trials with six flags and balls and finally four trials with eight 
flagsflags and balls. The sequence of the 'correct' holes for the ball is determined by a 
pseudorandomm function based upon the pattern of searching by the subject. 

Thiss test provides three measures: (a) Within search errors (WSE): if the participant 
duringg a single search sequence, 'guesses' the same hole more than once; (b) 
Betweenn search errors (BSE): if the participant 'guesses' a hole which already 
containss a ball; and (c) Strategy score: the computers monitors the sequence of 
choicess carried out by the participant and produces a score indicating good or poor 
usee of strategy. 

3)) Initiation and Production of Verbal Information was tested using the Controlled 
Orall  Word Association Test [32], Participants are asked to name words beginning 
withh a given letter in a 60-second time period. Three word generation trials were 
administeredd using the letters F, A and S. 

4)4) Cognitive Flexibility was measured using the Weigl test [33] made up of four sets 
off  shapes (squares, circles and triangles) of different colours (red, blue, yellow and 
green).. Participants are asked to sort the objects into groups of the same and then 
too sort into a second group. 

Attention:Attention: The Continuous Performance Test [34] was administered using a personal 
computerr on which the participant observes letters presented on the screen at different 
speeds,, with an inter-stimulus interval of 1,2 or 4 seconds, and each letter displayed 
forr 250 milliseconds. The participant is required to press the space bar following 
thee presentation of each letter, except when the letter X is shown. The results from 
thiss test include measures of attention, impulsivity, perceptual sensitivity and rate of 
response. . 
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Statisticall  Analysis 
Socio-demographicc data was examined using Independent t-tests and Chi-square 
analysis. . 

Thee main between group comparison was carried out to investigate the difference 
betweenn the schizophrenic and non-schizophrenic subgroup. Where data was 
normallyy distributed (P>0.05 on Lillifor' s test) groups were compared using 
independentt t-tests. In contrast, Mann Whitney U Tests were used for those scores 
whichh were not normally distributed {Incomplete Letters and Dot Counting on VOSP 
andd Omission Values on CPT) whilst Chi-square was used to analyse categorical data 
fromm the Weigl Test. Finally repeated measures MANOVA was used to compare the 
twoo groups in each analysis on a number of variables relating to performance on test 
itemss (ToL and Executive Golf Test). The MANOVA procedure was used in order to 
analysee the data both between-subjects and within-subject factors. 

RESULTS S 
Theree was no significant between group difference in Full Scale IQ, Verbal IQ. 
Performancee IQ or Verbal - Performance discrepancy (Table 1). 

Similarlyy there was no difference in performance on tests of visuospatial / perceptual 
functioning,, cognitive flexibility , planning / problem solving, verbal memory and 
verball  fluency (Table 2). However, the schizophrenic group performed significantly 
worsee than the non-schizophrenic group on the Similarities subtest of the WAIS-R 
</><0.05) ) 

Tablee 2. Neuropsychological test scores for  VCFS and control group. 
Valuess are group means  S.D. Level of statistical significance *P < 0.05, 
**P<0.01. . 

Intellectuall  Functioning 

WAIS-RR : 
Vocabulary y 
Comprehension n 
Similarities s 
Blockk Design 
Objectt Assembly 

VIQ Q 
PIQ Q 
KSIQ Q 
V-PP Discrepancy 

Schizophrenicc (n = 13) 

4.466  2.30 
4.155  1.41 
4.777  1.64* 
5.622 4 
4.233  2.39 

71.311 7 
73.588  [3.97 
70.655  10.87 
-2,277  9.66 

Non-schizophrenicc (n = 15) 

5.000  2.04 
5.13*1.64 4 
6.133  1.19* 

3 3 
5.533 x 2.75 

75.877  7.5 i 
77.177  [6.87 
74.933  10.73 
- U 0  13.59 
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Memory y 

Doorss and People: 
People e 
Doors s 
Shapes s 
Names s 
Overall l 
Visual l 
Verbal l 
Recall l 
Recognition n 
Overalll  Forgetting 

WMS-RR : 

Logicall  Memory Immediate 
Logicall  Memory Delayed 
Pairedd Associates Immediate 
Pairedd Associates Delayed 
Verball  Memory Index 

Visuospatial/perceptuall  Functioning 

VOSP: : 
Incompletee Letters 
Silhouettes s 
Objectt Decision 
Progressivee Silhouettes 
Dott Counting 
Positionn Discrimination 
Numberr Location 
Cubee Analysis 
Numberr of Passes 

Spatiall  Workin g Memory 

Executivee Golf Task 

Withinn Search Errors 
Betweenn Search Errors 
Strategyy Formation 

Planningg and Problem-Solving. 

Towerr of London 

Movess Above Minimum 
Planningg (sees) 

Verball  Fluency 

Total l 

<n== ID 

5.911  3,59 
3.188  t .66** 
5.09x4.13 3 
5.82*4.83 3 
3.200  3.85 
4,500 * 2.73 
6.444  4.33 
5.300  3,30 
4.633  3.42 
9.822 1 

(nn = 9) 

20.444  12.60 
4.333  4.92 
13.788 4 
11.33*4.90 0 
72.0  15.15 

<n== 13) 
19.088  1.93 
14.855 8 
13.155 3 
11.544 6 
9.777 4 
16.311 8 
6.233  3.24 
6.466  2.60 
4.777  1.30 

<n== 13) 

0.966 1 
6.322 * 
12.922  1.13* 

(n-11) ) 

2.033 3 
4.244 1 

(n -9) ) 

22.111  11.07 

(nn = 15> 

6.133  3.31 
6.533 * 
5.800 4 
7.533 1 
5.133 6 
5.800 7 
6.333 5 
5.333 7 
6.533  4.0 

11.433 8 

(n== 15) 

25.333  10.60 
7.699 2 
14.077 8 
11.544 2 

70.133  13.87 

(n=15) ) 
19.400 3 

4 4 
15.200 8 
12.077 6 
9.677  0.62 
17.400 7 
6.400  2.95 
7.000  2.70 
5.333  1.54 

(n=15) ) 

0,500 x 0,80 
3.911 * 
1l.90  1.03* 

(n=15l l 

2.299  1.39 
3.788 6 

<n=15) ) 

25.87**  12,25 
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Weigl l 

Sorting g 
Shifting g 

Attention n 

CPT(T-Scoros): : 
Ommissionn Errors (percentiles) 
Hitt Reaction Times (T-scorcs) 
Variablilityy Of S.E.'s(T-scores)* 
Hitt SE Block Change(T-scores) 
Commissionn Frrors(T-scores)* 
Perceptuall  Sensttivity(T-scores)* 
Riskk Taking(T-scores) 
CPTT Index Score 

(n== 13) 
92.3% % 
53.8% % 

(n== 11) 

94.911 + 6.94 
45.166 6 

76.266  14.98* 
52.022  18.76 
67.97  11.26* 
75.055  10.66* 
84.933  17.94 
10.899 1 

(n== 14) 
100% % 

35.7% % 

( n-- 15) 

94.377  10.40 
3 3 

65.38  11.35* 
56.399  18.22 
56.566  12.48* 
65,200  10.42* 
77.366  15.85 
9.700  4.50 

Also,, the schizophrenic VCFS group perfonried significantly worse on the Doors 
visuall  recognition subtest of (P<0.01) of the Doors and People memory test. 

Onn the spatial working memory Golf task, using Group (schizophrenic and non-
schizophrenic)) as between subject factor and WSE {3,4, 6 and 8) as the within subject 
factor,, a significant WSE effect (F = 6.28; d.f. = 3; p < .01) and but no group effect, 
orr group x WSE interaction was found. This suggests that more WSE's are made as 
thee degree of difficulty increased. However, using BSE (3,4,6, and 8) as the within 
subjectt factor, a significant BSE effect (F = 74; d.f. = 3; p < 001), group effect (F = 
9.59;; d.f. - 1; p<0.005), and BSE x group interaction (F - 3.06; d.f - 3; p<0.05) was 
found.. This suggests that the schizophrenic VCFS group made significantly more 
BSE'ss as the degree of difficulty increased. In addition, using the strategy score as the 
withinn subject factor, a significant effect of strategy formation (F = 448.54; d.f. = 3; p 
<< 0.001) and group (F = 6.26; d.f. = 1; p< 0.05) was found but no strategy formation 
xx group interaction. Thus, overall strategy formation was poorer with increasing 
levell  of difficulty, and the schizophrenic VCFS group had significantly poorer mean 
strategyy formation. Furthermore the schizophrenic group performed significantly 
worsee on three subtests of the Continuous Performance Test: more commission 
errorss (worse inhibition of response (p<0.05)); larger variability of standard errors 
(lesss consistency of response (p<0.05)); larger T scores of perceptual sensitivity 
(decreasedd ability to discriminate signal from background noise (p<0.05)). 
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DISCUSSION N 
Wee believe this is the first study to compare the neuropsychological profile in adults 
withh VCFS with and without schizophrenia. We found that VCFS adults with 
schizophreniaa performed significantly worse than those without schizophrenia on 
thee Similarities sub-test of the WA1S-R. Doors sub-test of the Doors and People, 
thee Golf spatial working memory task and on three sub-tests of the CPT attention 
testt (more commission errors, larger variability of standard errors, poorer perceptual 
sensitivity).. These findings are specific to schizophrenia associated with VCFS and 
cannott be otherwise accounted for by effects of age. gender, or IQ. 

Theree was no significant verbal - performance discrepancy in both VCFS adults with 
andd without schizophrenia which is in contrast with some studies in children with 
VCFS.. However, our data demonstrated that 54% of VCFS adults with schizophrenia 
andd 33% of VCFS adults without schizophrenia had mild intellectual disability, even 
thoughh this difference was not significant. Indeed, intellectual disability has been 
reportedd to be one of the major characteristics in children with VCFS [9], and was 
observedd in 42 % of adults with VCFS [20]. One hypothesis may be that within 
VCFS.. children with a learning disability are predisposed to develop schizophrenia 
comparedd to those who do not have learning disability. The literature of schizophrenia 
inn the general population suggests that cognitive impairments are already present 
priorr to onset of psychosis [17]. Alternatively cognitive deterioration may occur in 
thosee adults with VCFS who have developed schizophrenia. Longitudinal studies 
aree needed to explore whether schizophrenia in VCFS is associated with cognitive 
decline,, but literature suggests that there is littl e evidence for deterioration of 
cognitivee abilities in people with schizophrenia in the general population over the 
firstfirst few years of illness, with the exception of verbal memory [35]. Indeed, deficits 
inn verbal memory have been one of the more consistent findings in schizophrenia 



97 7 

butt we did not find support for this in our study population. This suggest that the 
cognitivee profile of people with schizophrenia and VCFS may be somewhat different 
comparedd to non-VCFS associated schizophrenia. 

Thee only significant finding on the WA1S-R was the poorer performance of the VCFS 
groupp with schizophrenia on the Similarities sub-test, which involves novel reasoning 
andd concept formation and involves executive function. Decreased performance on 
thiss sub-test by children with VCFS has also been reported by others [19]. The 
VCFSVCFS group with schizophrenia performed also worse on another test of executive 
function,, the Executive Golf task, on which they showed deficits on both strategy 
formationn and spatial working memory. This finding is in agreement with findings 
inn people with non-VCFS associated schizophrenia: deficits in several aspects of 
executivee function, including spatial working memory and strategy formation have 
beenn reported [36] and may be present before onset of psychosis [37] and reflect 
differencess in frontal lobe function [38], 

Wee also found deficits in response inhibition, sustained attention and perceptual 
sensitivityy in the VCFS group with schizophrenia on the CPT test for attentional 
function.. Response inhibition is fundamental to succesful executive function and 
failuree to do so can result in impaired ability to sustain attention, marked distractibility, 
orr behavioural dyscontrol. Several studies have found response inhibition to be 
impairedd in non-VCFS associated schizophrenia and attention deficits are one of the 
coree cognitive impairments associated with the illness [38]. Moreover, attentional 
deficitss in individuals at risk for schizophrenia are often present before onset of 
psychosis,, can predict future illness, and relate to later social impairments [39], 

Developmentall  maturation of prefrontal regions has been described as a contributing 
factorr to response inhibition in the typically developing population and it has 
beenn suggested that impaired executive functioning could be associated with 
dysmaturationn of these regions [40]. We reported earlier that delayed / abnormal 
frontall  maturation of frontal regions may explain differences in brain anatomy in 
adultss with VCFS compared to IQ matched controls [41]. Moreover, within VCFS, 
thosee with schizophrenia have differences in anatomy of frontal regions compared 
too those who did not have schizophrenia [42], Attentional processes and executive 
functionn involve prefrontal neuronal circuits and deficits in these circuits may be 
responsiblee for these cognitive impairments in schizophrenia. In summary, our 
resultss suggests that schizophrenia in VCFS is particularly affecting cognitive tasks 
thatt require activity and integrity of frontal regions and they support our work from 
neuroimagingg studies. 

Potentiall  candidate genes located on chromosome 22qll possibly modulate 
susceptibilityy for schizophrenia and cognitive tasks that involve frontal regions. One 
suchh candidate gene is that of catechol-O-methyltransferase (COMT), a methylation 
enzymee that metabolizes catecholamines including dopamine. Recent studies 
suggestt that variation in COMT activity may have neurobiological effects specific to 
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thee prefrontal cortex. The COMT (Val) high activity allele impairs tasks of prefrontal 
cognitionn in people with schizophrenia [43] and higher loading of the COMT (Met) 
allelee is associated with better neurocognitive performance on measures of attention 
andd processing speed in people with chronic schizophrenia [44], Moreover, by 
usingg a COMT knockout mouse model, others have shown that prefrontal dopamine 
levelss are increased [45] which suggests that in people with VCFS, who have 
haploinsufficiencyy of COMT, dopamine levels may be abnormal. Thus, variation 
inn COMT expression could also affect performance on prefrontal cognitive tasks in 
peoplee with VCFS. In our study it was prefrontal function that was affected in people 
withh VCFS and schizophrenia and although we did not have measures on COMT 
genotypee in our study population, we can not exclude the possibility that variation in 
COMTT expression may partially account for our results. 

Theree were several limitations to our study. Our sample size was small, but 
neverthelesss we were able to detect between-group differences. Also we made 
severall  statistical comparisons and did not correct for multiple comparisons. The 
groupp with schizophrenia all used antipsychotic medication and we cannot exclude 
thiss as a potential confound. 

Inn conclusion our results suggest that schizophrenia within VCFS is particularly 
affectingg cognitive tasks involving frontal lobe function. Haploinsufficiency of 
candidatee genes on 22ql 1 and developmental brain abnormalities may affect frontal 
lobee function and modulate the risk for schizophrenia in people with VCFS. Future 
studiess are needed to relate genetic variables with measures of cognitive function in 
peoplee with VCFS to address this issue further. 
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DISCUSSION N 
Thee VCFS population is an unique population with an identified genetic defect, a 
characteristicc clinical phenotype and a dramatic 20-30 told increase in the risk of 
developingg psychosis at young adult age (often diagnosed as schizophrenia). As such 
itt provides an interesting neurodevelopmental model to study the biological markers 
off  psychosis. This was the rationale for the studies that have been described in this 
thesis.. The results presented in this thesis provide a first step to some insights in the 
biologicall  markers of psychosis in VCFS which is also of relevance to psychosis in 
thee general population. 

Limitation s s 
Althoughh we used small sample sizes, the studies described in this thesis have 
demonstratedd that in the VCFS population effect sizes can be quite large. Our 
samplee size and the cross-sectional design are limitations of the studies presented 
inn this thesis, but we were still able to detect several significant differences. In 
additionn we carried out multiple statistical comparisons and thereby increased the 
riskk of a type I error (false positive outcomes). Another limitation is the use of 
aa learning disabled (LD) control group. It is not generally agreed as to which is 
thee most appropriate control group to use when studying people with genetically 
determinedd neurodevelopmental disorders. All other authors have used normal IQ 
controlss which could explain discrepancies found between our study results and 
theirs.. Disadvantages of using a borderline LD control group include their relative 
populationn heterogeneity, including people with genetically and environmentally 
determinedd causes of cognitive impairment which we did not detect using our 
screeningg techniques, and they are not representative of the healthy population. 
Advantagess of asking them to volunteer as controls include ability to match on 
IQQ (intellectual functioning is related to brain volume1"-1), and to attempt to control 
forr clinically undetected birth trauma (because people with genetically determined 
LDD also have an increased rate of birth trauma) - which affects brain anatomy and 
cognitivee function4. Ideally we should have had another normal IQ control group in 
additionn to the learning diasbled control group. Another limitation is that we did not 
controll  for effects of neuroleptic medication: we cannot exclude this as a potential 
confoundd in all studies described in this thesis. 

Brainn anatomy 
Thee results from the neuroimaging data of this thesis emphasize the need to increase 
ourr understanding of grey / white matter tissue development in VCFS and how this is 
affectedd by psychosis. Ideally, post-mortem neuroanatomical and neurohistological 
studiess should be performed in order to understand the relation between alteration of 
whitee and grey matter compartments: are both compartments separately affected? Is 
thee alteration of the axonal tracks responsible or resulting from abnormal neuronal 
arborization?? What proportion of neuroanatomical changes can be attributed to 
vascularr abnormalities? Is polymicrogyria associated with VCFS secondary to 
vascularr abnormalities or due to another developmental abnormality? 
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Thee results of our two structural MRI studies suggest that white matter is more 
compromisedd than grey matter in VCFS5 and maybe even more so in psychosis 
associatedd with VCFS*. Also, our results suggest that volume of total and peripheral 
CSFF is increased without enlarged ventricle size in psychosis in VCFS. These 
findingss are in contrast to Findings of schizophrenia in the general population the 
mostt consistent one being enlarged lateral ventricles7. Also grey matter reductions 
havee been reported more frequently in schizophrenia than white matter abnormalities 
inn schizophrenia in the general population. However, schizophrenia is increasingly 
seenn by some as a supraregional disorder involving interconnecting white matter 
tracts*,, and studies using newer neuroimaging techniques such as diffusion tensor 
imagingg do report abnormalities of white matter structure. Most likely answers 
too the questions above will require larger and longitudinal MRI studies as well 
ass neurohistological studies on single-gene knock-out animal models to help us 
understandd the contributions of the different genes, as well as secondary expressed 
genes,, related to the commonly 3Mb deleted region in VCFS. 

Brainn function 
Thee results of the studies of brain function as described in this thesis highlight 
thee importance of using an IQ matched control group to control for the effects of 
loww intelligence on the specific tests of cognitive functioning, including attention, 
memory,, executive functioning, and the facial emotional processing task of the fMRI 
study.. This approach enabled the studies to highlight specific areas of difficulty in 
thee adult VCFS population. The neuropsychological data suggest that performance 
onn non-verbal tasks is particulary impaired with relative preservation of verbal and / 
orr memory tasks in adults with VCFSy. Also, within VCFS the presence of psychosis 
affectss performance on executive tasks in particular with relative sparing of verbal 
memoryy tasks1". This latter finding is in contrast with neuropsychological data from 
peoplee with non-VCFS associated schizophrenia1'. Our findings suggest a profile that 
resembless one of a non-verbal learning disability (NVLD). This is in agreement with 
thee VCFS literature of children with VCFS1214. Rourke has suggested that NVLD is 
aa white matter syndrome i.e. that NVLD develops as a result of a primary processing 
dysfunctionn associated with early white matter abnormalities in primarily the right 
hemisphere1*.. The characteristic features of NVLD are (1) impairments of bilateral 
tactilee perception, (2) discrimination and recognition of visual detail and visual 
relationships,, (3) bilateral psychomotor co-ordination and (4) problem solving with 
novell  stimuli. Consequently, children with NVLD develop difficulties with visual 
attention,, social competence, emotional distress, concept formation and problem 
solving.. In addition, NVLD children often exhibit initial developmental delays in 
languagee development, followed by rapid acquisition of verbal skills. The children 
developp good cognitive and functional abilities in auditory perception and memory, 
simplee motor tasks and learning of rote material. Problems with social perception, 
judgementt and interactive skills are also reported in children with NVLD l5 i \ In 
ourr structural neuroimaging studies widespread white matter abnormalities were 
observedd and our cognitive data highlight similar problem areas as those seen in 
peoplee with NVLD. Also, it could explain our findings from our functional MRJ 
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study:: aberrant development of cortico-cortical networks including (white matter) 
pathwayss between the visual and somatosensory cortices may partially underlie 
problemss in social functioning in VCFSI<J. 

Candidatee genes 
Theree are several potential candidate genes located on chromosome 22qll that 
couldd theoretically be involved in the aetiology of psychiatric disorders that are 
associatedd with VCFS. They could be involved in neurotransmission (Catechol-O 
methyltransferasee (COMT), proline dehydrogenase (PRODH)). in vascularisation 
(TBX1).. or neural crest development (Ubiquititin Fusion Degradation 1 like 
(UFD1L)).. However, investigation of the potential contribution of these individual 
candidatee genes is still in an early phase. It is unlikely that just one or two genes will 
bee responsible for the psychiatric and cognitive-behavioural phenotype associated 
withh VCFS. The currently best studied candidate gene of the 22ql 1 region is the 
COMTT gene. Activity of this enzyme that is involved in catecholamine inactivation. 
iss governed by a single nucleotide polymorphism resulting in 3-4 times difference 
inn COMT activity. Moreover, the high activity (Val) alelle, (because it increases 
prefrontall  dopamine catabolism) impairs prefrontal cognitive function, and slightly 
increasess the risk for schizophrenia^1 : i. The low activity (Met) allele has been 
associatedd with aggressive behaviour in schizophrenia". COMT seems to have 
specificc affinity for frontal brain regions and accounts for variation of prefrontal 
cortex-relatedd cognitive abilities in human populations. Dysfunction of, or abnormal 
connectivityy to frontal brain regions most likely underlie at least partially the 
cognitive,, behavioural and psychiatric phenotype that we sec in people with VCFS. 
Becausee people with VCFS have a reduced gene dosage of COMT, they might be 
moree susceptible for changes in COMT activity, which could affect the integrity 
off  the dopaminergic system, including it's prefrontal projections and so modulate 
thee risk for the development of psychotic symptoms, anxiety, and externalizing 
behaviour,, and prefrontal cognitive dysfunction-1~\ 

Futur ee research 
Ultimately,, understanding how specific genes impact on brain development and 
neuronall  function will help us to better understand the specific cognitive and 
psychiatricc profile associated with VCFS, and allow us to better address the needs 
off  affected individuals and their family. VCFS is a model system for examining 
thee multifaceied nature of behavioral development that will give us insight into 
pathwayss leading to psychosis, particularly schizophrenia. Methodological 
approaches,, developed to study neurogenetic disorders like VCFS. will set a path and 
makee tools available for the investigation of future candidate gene(s) of symptom 
dimensionss of schizophrenia, mood disorders or ADHD. Future research focussing 
onn relating genetic variables with neuroimaging, clinical, ncurophysiological 
andd neuropsychological outcome measures in VCFS will help us to increase our 
understandingg of the neurobiology of these psychiatric disorders. 
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SUMMARY Y 
Inn chapter  1 velo-cardio-facial syndrome (VCFS), or 22ql I deletion syndrome and 
itss association with psychosis have been described. The rationale of this thesis was 
formulated:: "What can we learn from VCFS on the aetiology and pathogenesis of 
psychosiss and schizophrenia?" 

Inn chapter  2 and chapter  5 structural brain anatomy has been explored in an adult 
populationn with VCFS using quantitative (voxel-based morphometry and manual 
tracing)) and qualitative MRL In chapter  2 a group of adults with VCFS, both 
psychoticc and non-psychotic, are compared with a control group of similar intellectual 
ability.. The results demonstrate that VCFS people had; i ) a high prevalence of white 
matterr hyperintensities and abnormalities of septum pellucidum; ii) a significantly 
smallerr volume of cerebellum; iii ) widespread differences in white matter bilaterally 
andd regional specific differences in grey matter in left cerebellum, insula, frontal and 
rightt temporal lobe. Thus, deletion at chromosome 22ql 1 appears to be associated 
withh brain abnormalities that are most likely neurodevelopmental and may partially 
explainn the high prevalence of learning disability and psychiatric disorder in VCFS. 
Howeverr the presence of psychosis could have been a confounding factor in this 
study.. Chapter  2a discusses frontal dysmaturation as a possible explanation for the 
discrepancyy between the results that have been described in chapter  2 and those from 
neuroimagingg studies that have been carried out in children with VCFS. In chapter 
55 comparisons were made between those subjects with VCFS who had developed 
psychosiss and those who had not. A third, healthy non-psychotic IQ matched control 
groupp was used to differentiate which differences were likely to be specific for VCFS 
andd which were likely to be associated with the presence of psychosis. People with 
VCFSS and psychosis, compared to both the controls and non-psychotic VCFS 
people,, had a significant (p<0.05) reduction in volume of whole brain brain matter 
(whitee + grey) and whole brain white matter; and an increase in total and sulcal 
cerebrospinall  fluid volume. Both VCFS groups had a reduced cerebellar volume 
comparedd to controls. Small cerebellum seems specific for VCFS independent of the 
developmentt of psychosis. Psychosis in VCFS seems to go together with generalised 
brainn matter loss and particularly affecting white matter, while differences in tissue 
compositionn in the psychotic group are concentrated in frontal regions. The results 
supportt the hypothesis that psychosis in VCFS is a progressive neurodevelopmental 
disorderr with possibly genetically determined brain dysmaturation. Studies with 
largerr samples are needed to replicate our findings. 

Inn chapter  3 and 6 the cognitive profile in adults with VCFS is described using a 
comprehensivee test battery that is also suitable for people with learning disability. 
Inn chapter  3, a group of adults with VCFS, both psychotic and non-psychotic, is 
comparedd with a control group of similar intellectual functioning. Compared to 
controls,, adults with VCFS had significant impairments in visuoperceptual ability 
(Visuall  Object and Space Perception Battery), problem solving and planning 
(Towerr of London) and abstract and social thinking (Comprehension WAIS-
R).. Haploinsufficiency of one or more neurodevelopmental genes mapping to 
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chromosomee 22qll possibly underly the cognitive deficits observed in individuals 
withh VCFS, however the VCFS group included people with and without psychosis 
thereforee no conclusions could be drawn with regard to the impact of psychosis on 
cognitivee function in VCFS. Chapter  6 subsequently describes the results of a study 
usingg the same test battery in a larger, extended group of adults with VCFS. The 
VCFSS group with schizophrenia compared to the VCFS group without schizophrenia 
performedd significantly (p<0.05) worse on tests of: 1) spatial working memory and 
strategyy formation; 2) the Similarities sub-test of the WAIS; 3) visual recognition; 4) 
andd attention. These deficits may reflect differences in thee development and function 
off  frontal brain regions, and this might increase the risk of developing schizophrenia 
inn VCFS. Future studies will need to address how haploinsufficiency of genes on 
chromosomee 22qll might affect cognition and its relation to the development of 
psychosis. . 

Chapterr  4 describes the results of a functional magnetic resonance imaging study in 
eightt adults with VCFS and nine age-IQ matched controls using a facial emotional 
processingg paradigm. VCFS subjects, compared to controls had significantly less 
activationn in occipito-temporal brain regions, regions that are normally involved in 
facee perception. Genetically determined developmental abnormalities in pathways 
involvedd in early face processing may underlie deficits in social cognition in people 
withh VCFS. 



113 3 

Samenvatting g 
Inn hoofdstuk 1 wordt het velo-cardiaal-faciaal syndroom (VCFS), ofwel 22qll 
deletiesyndroom,, en de gevonden associatie met psychose beschreven. De 
vraagstellingg die ten grondslag ligt aan dit proefschrift is "Wat kunnen we leren van 
hett VCFS over de etiologie en pathogenese van psychose en schizofrenie?". 

Inn hoofdstuk 2 en hoofdstuk 5 wordt de morfologie van de hersenen in een volwassen 
populatiee met VCFS beschreven. Dit werd onderzocht met behulp van kwantitatief 
enn kwalitatief MRI onderzoek. Voor de kwantitatieve analyse werd gebruik gemaakt 
vann voxel-based morfometrie voor het meten van de relatieve dichtheid van grijze 
enn witte stof in de hersenen, en van het software programma Measure om het totale 
hersenvolumee en regionale hersenvolumes te meten. In hoofdstuk 2 wordt een groep 
volwassenenn met VCFS (waarvan sommigen een psychose hebben en sommigen 
niet),, vergeleken met een controle groep die op hetzelfde intellectuele niveau 
functioneert.. De resultaten laten zien dat volwassenen met VCFS i) vaak witte 
stof-hyperintensiteiten-- en afwijkingen van hel septum pellucidum hebben; ii) een 
significantt kleiner volume van het cerebellum hebben; iii ) en bilateraal wijdverspreide 
verschillenn in de witte stof volumes en regionale verschillen in grijze stof volumes 
inn de linker cerebellaire hemisfeer, insula, frontaal kwab en rechter temporaal kwab 
hebben.. Dus een deletie van chromosoom 22ql 1 lijk t derhalve samen te hangen met 
hersenafww ij kingen die mogelijk hun oorsprong in de vroege ontwikkeling vinden. 
Dezee afwijkingen kunnen gedeeltelijk de hoge prevalentie van leermoeilijkheden en 
psychiatrischee stoornissen in mensen met VCFS verklaren. Echter de aanwezigheid 
vann psychose in een deel van de studiepopulatie zou de resultaten beinvloed kunnen 
hebbenn in deze studie. In hoofdstuk 2a wordt dysmaturiteit van de frontale 
hersendelenn besproken als een mogelijke verklaring voor de discrepantie tussen 
onzee studieresultaten zoals beschreven in hoofdstuk 2 en reeds eerder gepubliceerde 
MRII  studies in kinderen met VCFS. In hoofdstuk 5 werd de groep volwassenen 
mett VCFS in twee groepen verdeeld, een die een psychose hadden ontwikkeld en 
eenn die geen psychose hadden ontwikkeld. Een derde, gezonde groep met hetzelfde 
intellectuelee functioneringsnivo werd mede geincludeerd om onderscheid te maken 
tussenn verschillen die specifiek voor VCFS lijken en verschillen die berusten op de 
aanwezigheidd van een psychose. Vergeleken met controles en nict-psychotische 
mensenn met VCFS hadden de psychotische mensen met VCFS een significant 
kleinerr totaal hersen volume, een kleiner totale witte stof volume; en een toename in 
totaall  en perifeer liquor volume. Beide VCFS groepen hadden een significant kleiner 
volumee van het cerebellum vergeleken met de controle groep. Psychose in VCFS 
lijk tt samen te hangen met gegeneraliseerd hersenweefsel verlies en van de witte stof 
inn het bijzonder, waarbij de verschillen in de verhouding van grijze / witte stof vooral 
geconcentreerdd is in de frontale hersengebieden. Deze resultaten ondersteunen de 
hypothesee dat psychose in VCFS een progressieve ontwikkelingsstoornis is met 
mogelijkk genetisch bepaalde dysmaturiteit van de hersenen. Studies met grotere 
onderzoekspopulatiess zijn nodig om deze bevindingen te repliceren. 
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Inn hoofdstuk 3 en 6 worden de cognitieve profielen in volwassenen met VCFS 
beschrevenn waarbij gebruikt gemaakt is van een relatief korte testbatterij die 
geschiktt is voor het testen van mensen met intellectuele beperkingen. In hoofdstuk 
33 wordt een groep van volwassenen met VCFS, waarvan sommigen een psychose 
hebben,, vergeleken met een gezonde controle groep functionerend op hetzelfde 
intellectuelee niveau. Vergeleken met controles hadden volwassenen met VCFS 
significantee beperkingen in visuospatieel vermogen (Visual Object & Space Battery), 
probleemoplossendd en plannend vermogen (Tower of London) en in abstract 
redenerenn en sociaal denken (Comprehension WAIS-R). Haploinsufficientie van 
eenn of meerdere ontwikkelings genen die gelocaliseerd zijn op chromosoom 22qll 
kunnenn de basis vormen voor de cognitieve beperkingen die in mensen met VCFS 
gezienn worden. Echter sommigen mensen binnen de VCFS groep hadden een 
psychosee en daarom kunnen we niet uitsluiten dat dit de testresultaten beinvloed heeft. 
Hoofdstukk 6 beschrijft vervolgens de resultaten van een studie waarbij dezelfde 
testbatterijj  gebruikt wordt maar waarbij specifiek het effect van de aanwezigheid van 
psychosee bij VCFS op het cognitieve functioneren onderzocht wordt. De groep met 
VCFSS en psychose hadden meer problemen met het spatieel werkgeheugen, strategie 
&&  concept formatie, visuele herkenning en aandacht. Deze problemen kunnen 
samenhangenn met de ontwikkeling en het funktioneren van frontale hersen regionen, 
enn zo het risico om psychose te ontwikkelen vergroten. Toekomstige studies moeten 
aantonenn of en hoe haploinsufficientie van genen op chromosoom 22qll cognitie 
beinvloedenn en hoe de relatie met het krijgen van psychose is. 

Hoofdstukk 4 beschrijft de resultaten van een functionele MRI studie in acht 
volwassenenn met VCFS en negen controles van dezelfde leeftijd en met hetzelfde 
intellectuelee vermogen. Er wordt gebruik gemaakt van een taak voor verwerking van 
gezichtsemoties.. Vergeleken met controles toonden de mensen met VCFS tijdens de 
taakk significant minder activiteit in de occipitale-temporale hersenregionen, welke 
normaall  betrokken zijn bij gezichtsperceptic. Genetisch bepaalde ontwikkelings 
afwijkingenn in hersenbanen die betrokken zijn bij de vroege stadia van 
gezichtsperceptiee kunnen derhalve de basis zijn van sociale beperkingen in mensen 
mett VCFS. 
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