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Preface

Colm McDonald and Robin Murray


Psychotic illnesses such as schizophrenia have devastating personal consequences for those afflicted, and for their families. Despite some advances in recent years, our understanding of the neurobiological underpinnings of psychosis is limited. Schizophrenia has a strong hereditary component but the central question remains: what precisely is inherited? It is likely that inherited gene variants in concert with environmental risk factors impair critical aspects of brain function and brain structure, and that the psychotic symptoms emerge as a manifestation of these neurobiological dysfunctions. For decades various research groups have teased out neurobiological abnormalities associated with schizophrenia. A recurring caveat to these endeavours is that it is difficult in case-control studies to ascertain the extent to which any abnormalities are a manifestation of the disease process or of factors correlating with the illness (eg. medication, smoking, substance abuse, poor diet, institutionalization).

One way to examine the neurobiological impact of gene action without the risk of such confounds is to study unaffected first-degree relatives of patients. First-degree relatives share 50% of a patient’s gene sequence on average and (in the case of polygenic disorders, as schizophrenia most probably is) are likely to carry some quantity of susceptibility genes for illness to a greater extent than the general population, which can produce neurobiological abnormalities on the pathway to psychosis even though insufficient to cause the fullblown illness. As such abnormalities cannot be related to medication or any health effects of having a psychotic illness, they can be considered a manifestation of gene action, i.e. intermediate phenotypes or endophenotypes. The question therefore in pursuing this line of investigation becomes ‘What neurobiological abnormalities do the unaffected relatives of patients who are at high genetic liability for psychosis display?’ This is the core theme that the Maudsley Family Study of Psychosis was developed to address. In this monograph we comprehensively describe the background and implementation of this major study and the key results from the principal domains investigated, with separate chapters devoted to structural neuroimaging, cognition, auditory evoked potentials, eye tracking and neurological signs. Throughout these chapters, we demonstrate how, in concert with similar studies elsewhere, this line of research can advance our understanding of the genetic underpinnings of psychotic illness.

This multifaceted study was designed and implemented under the overall and ongoing supervision of Robin Murray. In addition to the authors of these chapters, many other researchers have contributed enormously to various aspects of this study since its inception in 1993, including the design, subject recruitment, data collection, data management, statistical analysis and dissemination of results. These researchers include Tonmoy Sharma, Thordur Sigmundsson, Eric Lancaster, Paul Birkett, Trevor Crawford, Mark Taylor, Heather King, Darren Mockler, Jessica Yakeley, Harvey Wickham, Anton Grech, Katja Schulze, Nicky Marshall, Ben Chapple, Helen Simon, Ed Bullmore, Pak Sham, Xavier Chitnis, Seema Quraishi, Dimitris Dikeos, Emma Dempster, David Collier and Muriel Walshe. We are grateful to the funding agencies which supported various aspects of the study including the Wellcome Trust, the Medical Research Council, the Psychiatry Research Trust, the Stanley Medical Research Institute and the National Alliance for Research on Schizophrenia and Depression. We are also particularly grateful to all the patients and their families who generously contributed their time and frequently travelled considerable distances to participate. It is their effort, more than any other, that has made this research possible and we hope that the improved understanding of the pathways from genetic risk to psychosis contributed to by this study will help in the quest to find better ways to treat and prevent these destructive illnesses in the years ahead.

This monograph will be of interest to academics within the fields of psychiatry, psychology and neuroscience as well as mental health professionals and lay readers who are interested in research advances into psychotic illness. The editor is very grateful to the other authors for their manuscripts and hopes that the reader will be informed and enthused by the contents of this book. 




CHAPTER ONE 
Exploring intermediate phenotypes of psychosis

Colm McDonald, Robin Murray

THE CONTRIBUTION OF GENETIC LIABILITY TO SCHIZOPHRENIA

The tendency for schizophrenia to run in families has long been recognized. A century ago, Emil Kraepelin, who described the syndrome of ‘dementia praecox’, the forerunner of schizophrenia, noted: ‘I had myself found formerly in Heidelberg general hereditary predisposition to dementia praecox in about 70 per cent of the cases in which about this point reliable statements were to hand’ (Kraepelin, 1919). Since Kraepelin’s initial observations, overwhelming evidence has emerged from family, twin and adoption studies that schizophrenia has a strong genetic component.


Family studies

In a seminal study pooling the results of about forty European family studies performed between 1920 and 1987, Gottesman (1991) demonstrated that the lifetime morbid risk of developing schizophrenia among the relatives of patients with schizophrenia increased with the degree of genetic relatedness to the affected individual. The risk to third-degree relatives was 2%, to second-degree relatives around 4–6%, to siblings or children around 9–13% and the risk to identical twins or the offspring of dual matings was 46–48%. Furthermore, the risk increased if more than one relative was affected, for example, the risk if both a sibling and parent are affected was 17%. The majority of the studies summarized by Gottesman (1991) were performed before the advent of operationalized criteria for diagnosing schizophrenia. However, several studies that did employ operationalized diagnostic criteria have essentially confirmed the results of these earlier studies (Gershon et al., 1988; Kendler et al., 1993a; Maier et al., 1993).


Twin studies

Although family studies show clearly that schizophrenia is familial, they do not confirm that this relationship is genetic, as family members also share much of their environment in common. The relative contributions of genetic and environmental risk factors can be disentangled by studying rates of concordance for the disorder in twins. If both members of a twin pair have schizophrenia, they are classified as concordant, whereas if only one member of a twin pair is affected, they are classified as discordant. A disorder is likely to be under genetic influence if concordance rates are higher in monozygotic (MZ) twins, who share 100% of their genes, than dizygotic (DZ) twins, who share 50% of their genes on average. The results of all the major twin studies across several different countries find the concordance rate for MZ twins to be substantially higher than that found for DZ twins. Kendler (1983) pooled the results of twelve such studies and found the probandwise concordance rate for MZ twins to be 53%, whereas the rate for DZ twins is 15%. Again, more recent studies using operationalized diagnostic criteria for schizophrenia confirmed the markedly higher MZ than DZ probandwise concordance rates (McGuffin et al., 1984; Onstad et al., 1991). Although these studies provide substantial evidence for a genetic contribution to schizophrenia, the lack of 100% concordance among monozygotic twins also provides compelling support for the importance of environmental factors in contributing to schizophrenia.


Adoption studies

The relative contributions of genetic and environmental risk factors to the aetiology of schizophrenia can also be dissected by the use of adoption studies. In addition to shared genes, relatives (and in particular identical twins) also share an extensive environment in common, including social and cultural behaviours, biological hazards and psychological stresses, which could include common risk factors for schizophrenia. A series of naturalistic adoption studies have been performed in an attempt to minimize the effect of such common environmental risk factors in family studies of schizophrenia by comparing rates in biological and rates in non-biological relatives of patients with schizophrenia. These studies have found higher rates of schizophrenia in the adopted-away offspring of mothers of patients with schizophrenia compared to adopted-away offspring of controls (Heston, 1966; Rosenthal et al., 1975) and even compared to the rate in a small group of subjects who were adopted by parents one of whom later developed schizophrenia (Wender et al., 1974).

Furthermore, the rates of schizophrenia or schizophrenia-spectrum disorders among the biological relatives of adoptees with schizophrenia is higher than the rates in adoptive relatives and the relatives of control adoptees (Kety, 1983; Kety et al., 1994), including a higher rate of schizophrenia in paternal half siblings of adoptees with schizophrenia than in paternal half siblings of adoptees without schizophrenia, indicating that high rates of schizophrenia in the offspring of patients with schizophrenia are not related to prenatal or perinatal influences (Kety, 1988). As with family and twin studies, the results of these early adoption studies have been confirmed when more rigorous operationally defined diagnostic criteria are used to diagnose schizophrenia and its related disorders (Kendler et al., 1994; Tienari et al., 1994). Thus, the combined findings from these adoption studies provide important support for the conclusions, derived from family and twin studies, that familial clustering of schizophrenia is an expression of shared genetic factors rather than shared environmental factors.


HERITABILITY ESTIMATES FOR SCHIZOPHRENIA

Statistical models can be applied to data derived from twin studies to estimate the likely heritability of an illness—the proportion of the variance in liability contributed to by genes. Estimates of heritability vary across samples and methods of ascertainment but usually involve a model that includes estimates of genetic effects, common environmental effects and non-shared environmental effects. Such estimates have ranged between 41% and 87% for schizophrenia (Cardno et al., 1999; Kendler, 1983), with the heritability estimates using operationally defined diagnoses tending to be in the upper end of this range (Farmer et al., 1987; Onstad et al., 1991). It has also been reported that the common environmental component can be removed from the model without weakening the fit but increasing the heritability to 87%, with the remainder of the liability explained by non-shared environmental effects (Cardno et al., 1999; McGuffin et al., 1994). In further support of these findings, Cannon et al. (1998) used structural equation modelling in a population cohort of Finnish twins, thus excluding any bias associated with estimates of liability based on index twins, and demonstrated that 83% of the variance in liability was due to additive genetic factors, with the remaining 17% due to unique environmental factors.


MODE OF GENETIC TRANSMISSION

Although results from family, twin and adoption studies provide evidence that genetic factors play a part in the aetiology of schizophrenia, the exact mechanisms of genetic transmission remain unidentified. The simplest model of genetic transmission is one in which a single gene is responsible for the illness. If such a model were true, genetic phenomena such as incomplete penetrance (where genetic variation is not always expressed in the clinical phenotype) and pleiotropy (where a single genetic alteration can result in variable phenotypic expression) are required to explain the apparent non-Mendelian pattern of transmission and heterogenous clinical presentation of these illnesses. However, studies on the recurrence risk from twin and family studies using statistical modelling have demonstrated that schizophrenia is very unlikely to be the product of a single gene or a collection of single gene disorders, even taking into account incomplete penetrance (McGue et al., 1985; O’Rourke et al., 1982).

More complex models of genetic transmission involving multiple genes and environmental risk factors are more likely to be responsible for the patterns of inheritance observed. One such model is the liability/threshold model, which was first applied to schizophrenia by Gottesman and Shields (1967). In this model, the liability to develop schizophrenia is normally distributed in the population and is due to multiple genes of small effect acting additively and in combination with environmental risk factors, but only those individuals whose liability exceeds a certain critical threshold manifest the illness. Relatives have an increased liability compared to the general population, and thus a higher proportion of relatives also lie beyond the threshold (reflected in the higher prevalence of schizophrenia in the relatives of patients). The number of genes involved in such a model is unpredictable and inheritance could be oligogenic—a small number of genes of moderate effect (e.g. fewer than ten) or polygenic—multiple genes of small effect (e.g. more than 100).


MOLECULAR GENETICS
Linkage studies

Linkage occurs when a genetic marker and a disease gene lie close to each other on the same chromosome. In this case, the marker and the disease gene will be found to occur together more often in affected family members than would be expected by chance. Linkage studies require families that contain several affected members and are most appropriately employed to detect a small number of genes of relatively large effect, i.e. mono/oligogenic inheritance rather than polygenic inheritance. Historically, the results of linkage studies in schizophrenia were disappointing and characterized by multiple failed replications, most likely contributed to by a combination of weak genetic effects and small sample sizes. In recent years, there has been some progress with successful replications of linkage to several chromosomal regions. This was facilitated by the development of highly polymorphic genetic markers evenly spaced throughout the genome, which enabled genomewide scans for susceptibility loci, and by large-scale international collaborations to achieve greater statistical power through combining large numbers of subjects. Two meta-analyses in recent years (with different methodologies) of genomewide schizophrenia linkage studies have supported the existence of susceptibility genes on chromosomes 8p and 22q (Badner & Gershon, 2002; Lewis et al., 2003) with further strong support for loci at 13q (Badner & Gershon, 2002) and 2q (Lewis et al., 2003), and weaker support for loci at 1q, 3p, 5q, 6p, 11q, 14p and 20q (Lewis et al., 2003). More recent genomewide linkage studies in various populations continue to emerge at a rapid pace and implicate other chromosomal regions including 2q37 (Wijsman et al., 2003), 10q22 (Faraone et al., 2006), 11p (Suarez et al., 2006) and 18pll (Faraone et al., 2005). Some of the chromosomal loci reported may well prove to be false positives in due course, but others are likely to harbour susceptibility genes.


Association studies

Association studies require no major assumption other than the existence of a genetic contribution to the disorder. In contrast to linkage analysis, the aim is to examine the frequency of marker alleles in a sample of unrelated patients compared to a sample of ethnically matched controls. Association studies are more appropriately employed in the detection of polygenic inheritance, in which a large number of genes have relatively minor effects. A higher frequency of the marker allele in the patient group suggests that the marker allele is itself related to susceptibility to the disease or else is closely linked to the disease allele. A disadvantage is that the marker must be very tightly linked to the disease gene (<1 cM). Consequently, such studies have largely been confined to testing candidate genes thought to have functional significance in the illness or to fine mapping of chromosomal loci previously identified as showing linkage. There have been many negative studies and failed replications using the former technique, but some support has emerged for weak associations between schizophrenia and polymorphisms of certain genes controlling neurotransmission pathways, including the dopamine receptor DRD2 (Glatt et al., 2003b), dopamine receptor DRD3 (Jonsson et al., 2003), serotonergic receptor 5-HT2A (Abdolmaleky et al., 2004), metabotropic glutamate receptor GRM3 (Chen et al., 2005; Egan et al., 2004) and protein kinase AKT1 (Emamian et al., 2004; Schwab et al., 2005).

Stronger support has been provided in recent years for genes conferring susceptibility to schizophrenia through fine mapping of loci identified through linkage studies. The first of these, neuregulin 1, was identified after systematic study of the 8p22-p11 linkage site (Stefansson et al., 2002) revealed that a multimarker haplotype in the 5’ end of this gene was associated with schizophrenia; this finding has been strengthened by replications in different populations since (Tosato et al., 2005). Neuregulin 1 has an important role in neurodevelopment, synaptic plasticity, regulation of glutamate and other neurotransmitter receptor expression and so is a plausible candidate gene for schizophrenia. An at-risk haplotype within the gene dysbindin was identified from fine mapping of the 6p22.3 locus (Straub et al., 2002) and the likelihood of the association of this gene with schizophrenia has been strengthened by successful replications (Williams et al., 2005). Dysbindin has many biological actions, but of particular relevance to schizophrenia is its expression in glutamatergic neurons and synapses of the hippocampus. Although neuregulin and dysbindin have the most powerful support as schizophrenia susceptibility genes from molecular genetics studies to date (Norton et al., 2006; Owen et al., 2004), several other genes are strongly implicated by association studies, including D-amino-acid oxidase inhibitor (DAOA) at 13q34 (Chumakov et al., 2002; Norton et al., 2006), regulator of G protein signalling 4 (RGS4) at 1q22 (Chowdari et al., 2002; Talkowski et al., 2006), disrupted in schizophrenia 1 (DISC1) at 1q42 (Callicott et al., 2005; Hennah et al., 2003) and proline dehydrogenase (PRODH) at 22q11 (Li et al., 2004; Liu et al., 2002). The 22q11 site is of particular interest in schizophrenia genetics as, in addition to a locus of replicated linkage findings, it is the site of a chromosomal deletion causing velocardiofacial syndrome, which is associated with schizophrenia in 24% of affected patients (Murphy et al., 1999).

Considerable effort has also been devoted to the study of catechol-O-methyltransferase (COMT) as a susceptibility gene for schizophrenia as it, too, is located at 22q11, has a key role in dopamine catabolism in the prefrontal cortex and has a functional variant—a single nucleotide polymorphism that causes valine to methionine substitution at codon 158, the valine allele of which is known to increase enzyme activity. The valine allele has been associated with reduced performance in tests of frontal lobe function (Egan et al., 2001). In contrast to some early positive findings, recent meta-analyses have not found significant association between schizophrenia and this polymorphism (Glatt et al., 2003a; Munafo et al., 2005), although it remains possible that it may modify the phenotype.


OVERLAP IN GENETIC LIABILITY FOR SCHIZOPHRENIA AND BIPOLAR DISORDER

The current distinction between schizophrenia and bipolar disorder first emerged when Kraepelin (1899) divided psychotic illness into two diagnostic categories—dementia praecox and manic depressive insanity—on the basis of symptoms, course and outcome. This division has persisted for a century and remains embedded in the major diagnostic systems in current use: the International Classification of Diseases (ICD-10) and the Diagnostic and Statistical Manual of Mental Disorders version 4 (DSM-IV). Although the two illnesses appear clinically distinguishable in their pure forms, the boundary between these illnesses has always been blurred and there are no pathognomic symptoms on which clinicians can rely to differentiate them. Many patients with schizophrenia have symptoms of depression and mania; patients with bipolar disorder can have Schneiderian ‘first rank’ symptoms of schizophrenia during illness exacerbation; and the diagnosis of ‘schizoaffective disorder’ is necessary to categorize the substantial fraction [around 8% (Brockington & Leff, 1979)] of psychotic patients who cannot be classified into either of the major psychotic branches. Another of Kraepelin’s major distinctions between the illnesses regarding outcome (that schizophrenia ends in dementia and manic depression recovers) also turned out to be untrue. Schizophrenia has a relatively favourable outcome in up to half the cases diagnosed (Moller et al., 1982) and many cases of manic depression end in chronicity or have persistent residual affective symptoms between episodes (Angst, 2002).

Like schizophrenia, bipolar disorder is a highly heritable syndrome. Heritability is estimated at between 73% and 87% from twin studies employing operationalized criteria for bipolar disorder, with the best-fitting model consisting of added genetic and non-shared environmental factors (Kendler et al., 1993c; McGuffin et al., 2003). There is also accumulating evidence for an overlap in genetic predisposition to schizophrenia and bipolar disorder.


Family studies

Family studies have consistently found higher rates of schizoaffective disorder, as well as unipolar depression, both in first-degree relatives of patients with schizophrenia (Gershon et al., 1988; Maier et al., 1993) and in first-degree relatives of patients with bipolar disorder (Gershon et al., 1982; Weissman et al., 1984). There is less evidence of direct co-aggregation of schizophrenia and bipolar disorder in families; for example, some studies find an increased rate of schizophrenia in the relatives of bipolar-disorder patients (Angst et al., 1980; Tsuang et al., 1980) and others fail to find such an increase (Gershon et al., 1982; Maier et al., 1993). However, this failure to find significant co-aggregation may be due to lack of statistical power in some studies. In a review of three independent genetic studies on schizophrenia (the Danish Adoption Study, Iowa 500 Family Study and Roscommon Family Study), Kendler and Gardner (1997) found that the odds ratio of unipolar depression and bipolar disorder in the relatives of patients with schizophrenia were 1.3 and 1.9, respectively, although the latter failed to reach statistical significance. In a large population-based study of 2299 individuals with bipolar disorder, Mortensen and colleagues (Mortensen et al., 2003) reported that having a parent or sibling with schizophrenia (and excluding schizoaffective disorder) increased the risk for bipolar disorder by a factor of 3.7−5.7. Maier and colleagues (Maier et al., 2002) examined rates of psychotic and affective disorder in extended pedigrees and found that the prevalence rate of bipolar disorder in first-degree relatives of ninety-one patients with schizophrenia was significantly increased (at 3.9%) compared with equivalent relatives of controls (0.9%).

Furthermore, the evidence for direct co-aggregation becomes more substantial when data are confined to the more severe and psychotic forms of bipolar disorder rather than mild bipolar disorder. Hence in the Roscommon Family Study, Kendler and colleagues found an increased rate of psychotic affective illness among the relatives of patients with schizophrenia, but no increased rate of non-psychotic bipolar disorder (Kendler et al., 1993a, 1993b). In the New York High Risk project, there was an increased risk of schizophrenia-related psychoses in the offspring of affective disorder subjects; and offspring of parents with schizophrenia had an increased risk of psychotic but not non-psychotic bipolar disorder (Erlenmeyer-Kimling et al., 1997). Valles and colleagues report an increased risk of schizophrenia as well as bipolar disorder in the relatives of a sample of patients with severe bipolar disorder and a high rate of psychotic symptoms (Valles et al., 2000). Interestingly, within bipolar disorder families there is evidence for aggregation of psychotic symptoms (Potash et al., 2001, 2003a; Schurhoff et al., 2003), which is also consistent with the hypothesis that a tendency to psychosis is genetically transmitted, and Potash and colleagues (Potash et al., 2001, 2003a) suggest that it is in such psychotic bipolar-disorder families that researchers should seek genes predisposing to both schizophrenia and bipolar disorder.


Twin studies

There have been case reports of identical twins (Dalby et al., 1986) and even triplets (McGuffin et al., 1982) containing individuals affected with both schizophrenia and bipolar disorder. In an interesting re-analysis of the Maudsley twin series, Cardno and colleagues (Cardno et al., 2002) also found evidence for shared genetic susceptibility to schizophrenia, mania and schizoaffective disorder. Other quantitative genetic studies had used a hierarchical approach to diagnosis, such that if a subject had ever fulfilled criteria for schizophrenia, this ‘trumped’ any previous diagnosis of mania and they were given schizophrenia as their lifetime diagnosis. In this study, the authors abandoned the hierarchical approach and allowed subjects to fulfill criteria for more than one diagnosis in their lifetime. There was significant co-morbidity for both schizophrenic and manic syndromes within individual probands and the within-pair correlations for these syndromes were more than twice as great in MZ than in same-sex DZ twin pairs, indicating a genetic contribution to this co-morbidity. Subsequent independent pathway model-fitting demonstrated significant genetic correlations between the manic and schizophrenic syndromes, which also both shared genetic liability with schizoaffective disorder. Of note, 96% of the manic syndrome patients in the study had had psychotic symptoms, so this study could not answer the question as to whether less severe forms of mania or hypomania share genetic liability with schizophrenia; but, again, it underlines a likely overlap in genetic liability between schizophrenia and those bipolar subjects with severe mania and psychotic symptoms. The authors conclude that some genes predispose to psychosis in general, and that more specific genes contribute to the exact form of psychosis.


Molecular genetics

The meta-analysis of whole genome linkage studies by Badner and colleagues (Badner & Gershon, 2002) examined bipolar disorder as well as schizophrenia and identified 13q32 and 22q11 as sites containing susceptibility genes for both schizophrenia and bipolar disorder. Berrettini (2000, 2003) examined overlapping linkage sites for both disorders by investigating whether, for confirmed linkage sites for schizophrenia, there has been at least one linkage finding reported in bipolar disorder, and vice versa. Using this approach, he identified five linkage regions that might harbour genes for both disorders: 18p11.2, 13q32, 22q11, 8p22 and 10p14. Furthermore, a linkage study that confined analysis to subjects from severe psychotic bipolar-disorder families found evidence for linkage at 13q31 and 22q12 (Potash et al., 2003b) and a linkage study that examined families on the basis of having schizoaffective disorder, bipolar subtype (Hamshere et al., 2005), demonstrated linkage at 1q42, a strong schizophrenia site, and suggestive linkage at 22q11 and 19p13.

Several association studies of bipolar disorder have examined genes implicated in schizophrenia, in particular where linkage studies suggest that genes at these loci confer susceptibility for both syndromes. The most replicated of these is the reported association between haplotypes of the DAOA/G30 locus at 13q and bipolar disorder (Detera-Wadleigh & McMahon, 2006; Hattori et al., 2003; Williams et al., 2006). Other association studies have linked bipolar disorder or psychotic subtypes of bipolar disorder to neuregulin 1, dysbindin and DISC1 (Breen et al., 2006; Craddock et al., 2006).

The evidence to date from linkage and association studies is consistent with genetic epidemiological studies in indicating that schizophrenia and bipolar disorder are caused by several genes of small effect, some of which may be common to the two illnesses and some of which confer specific susceptibility. Although clear progress has been made in the molecular genetics of psychosis in recent years, it remains incremental—unambiguous functional variants that could drive the neurobiological processes towards psychosis have not yet been identified for the proposed susceptibility genes. Exploring the impact of allelic variation in postulated susceptibility genes on neurobiological processes and identifying alternative phenotypes that might be intermediate between genetic variation and the classic clinical phenotype are now key areas of research to illuminate the complex mech anisms by which genetic variation confers liability for psychotic illness.


ENDOPHENOTYPES

The pathway from genetic sequence variation to the behavioural phenotype of schizophrenia is lengthy and complex. Genes encode for protein molecules and it is most likely that genetic sequence variation underlying schizophrenia is associated with alteration of these gene products, which then alter cell biology. These cellular changes interfere with the development and functioning of neural circuits at a systems level and from such dysfunctions the behavioural symptoms and signs by which we diagnose the schizophrenic syndrome emerge. These pathways are further complicated by genetic and allelic heterogeneity, interactions of susceptibility genes with other gene variants (epistatic effects) and environmental risk factors (geneenvironment interactions), and by alterations in gene expression due to other heritable factors such as DNA methylation (epigenetic effects). Unlike other polygenic multifactorial diseases, like diabetes and coronary heart disease, genetic research into schizophrenia suffers from the added complexities of having a phenotype that is entirely clinically based, with as yet no validating biological test (even at post-mortem), and environmental risk factors that are unknown or of minor effect. Furthermore, psychotic illness involves the complex organ of the human brain: unlike organs with a small number of common cellular types, neurons are frequently distinct from one another in their cellular processes and in their local and regional networks. Given these complexities, and the probability of continuous genetic liability within the population, the use of the qualitative diagnostic phenotype (affected/unaffected) is likely to be underpowered as the sole phenotype in genetic studies. Considerable interest has therefore focused on identifying genetically valid traits that are more homogenous and can be measured quantitatively. Candidates for such traits include subsets of the clinical syndrome, for example, selected by symptom clusters or course (‘subphenotypes’), and markers of neurobiological or cognitive dysfunction (‘intermediate phenotypes’ or ‘endophenotypes’). 

Endophenotypes are objectively measured biological abnormalities that represent more proximal effects of susceptibility genes than the clinical phenotype (Gottesman & Gould, 2003; Wickham & Murray, 1997). It is assumed that because they are more proximal to genetic sequence variation, such traits will be modelled by a less complex genetic architecture than the diagnostic phenotype, and some may even follow simple Mendelian patterns of inheritance.

The exploitation of endophenotypes has helped to elucidate genetically driven biological processes for a number of medical conditions. For example, haemochromatosis is a polygenic disorder of iron metabolism that can lead to iron overload and liver cirrhosis. Elevated levels of serum transferrin saturation (the iron-binding protein in the blood) were identified as endophenotypic for haemochromatosis (Pietrangelo, 2004). Allelic variation in the haemochromatosis gene (HFE) was linked to transferrin saturation. However, not all those with the susceptibility allele, manifest by high serum transferrin saturation, develop clinical haemachromatosis, indicating that it is a necessary but not sufficient cause of the illness (Beutler, 2003). The more simple genetic architecture linking HFE allelic variation with the endophenotype of serum transferrin saturation enabled the dissection of one genetically driven biological mechanism from other genetic and environmental factors contributing to the illness (Beutler, 2003).

Endophenotypes should ideally fulfill six criteria to be useful in genetic studies (Gershon & Goldin, 1986; Leboyer et al., 1998). They should:


	be heritable themselves

	be associated with the illness in the general population

	be state independent, i.e. be manifest whether or not the illness is active

	co-segregate with the illness within families, i.e. the illness is more prevalent among relatives who manifest the marker than among those relatives who do not

	be measurable in both affected and unaffected subjects

	be found more frequently among the biological relatives of patients than in healthy controls.


Some of these criteria may be overly stringent for psychotic disorders, hence the high heritability criterion for an endophenotype can be interpreted less rigorously in the light of known environmental factors contributing to its variation (Berrettini, 2005). For example, abnormalities of the P50 auditory evoked potential wave are potentially endophenotypic for schizophrenia but are also know to be normalized by smoking and a higher proportion of patients with schizophrenia smoke. Also, the diagnostic specificity of endophenotypes is less relevant for psychotic syndromes defined by their clinical symptoms than for biological tests, since, as pointed out above for schizophrenia and bipolar disorder, there may be considerable overlap between these clinical syndromes and thus overlapping endophenotypes underlying them (Berrettini, 2005).

A key criterion for an endophenotype is that it must be found to a greater extent among individuals at higher genetic liability for the illness than control populations. The standard study design for eliciting this is to assess first-degree relatives of patients with the illness. Those siblings who are unaffected twins in MZ pairs discordant for schizophrenia represent the highest genetic risk for schizophrenia than any other class of sibling as they share their entire gene sequence with the affected patient, and some study designs exploring endophenotypes focus on such individuals, comparing biological measures in such individuals to unaffected twin pairs or along a gradient of genetic liability including DZ twins, i.e. unaffected twin from discordant MZ pairs > unaffected twin from discordant DZ twin pairs > healthy twins. Given the difficulties in ascertaining large samples of twins, a more widely applied design is to examine the unaffected first-degree relatives of patients. These can be siblings or parents, who would largely have lived through the risk period for illness, or younger relatives (children, adolescent siblings of patients), a proportion of whom will develop the illness and may demonstrate neurobiological abnormalities characteristic of the prodromal or premorbid phase of illness on the pathway to frank psychosis.

Putative endophenotypic markers for schizophrenia, which are reported to be present to a greater extent in unaffected first-degree relatives of patients than in controls, include abnormalities of the auditory evoked response such as the P300 and P50 waves (Heinrichs, 2004; Weisbrod et al., 1999); oculomotor dysfunction, such as on smooth pursuit and antisaccade tasks (Holzman, 2000); neuropsychological deficits (Cannon et al., 1994; Kremen et al., 1994) and abnormalities of brain structure, such as ventricular enlargement and medial temporal lobe volume deficits (Seidman et al., 1999; Staal et al., 2000).


THE MAUDSLEY FAMILY STUDY OF PSYCHOSIS

The Maudsley Family Study of Psychosis was initiated in 1993 to implement the endophenotypic approach to schizophrenia by examining neurobiological and cognitive abnormalities not just in patients but also in unaffected adult relatives (siblings and parents) who carry increased genetic liability for illness. The major domains of investigation are neuroimaging, neuropsychology, auditory evoked potentials, eye tracking and clinical assessment of neurological signs.

Some other studies searching for endophenotypes of schizophrenia have considered all unaffected relatives, regardless of family history, as a single group of participants at similar likelihood of expressing genetically driven neurobiological abnormalities. In the Maudsley Family Study of Psychosis, we considered that those families multiply affected with schizophrenia would be more likely to have a higher load of schizophrenia susceptibility genes, and would be more likely to demonstrate intermediate phenotypes associated with such genes, than families in which only one member had developed the illness. We thus attempted to broaden the likely genetic load by recruiting families with a varying density of illness. Hence some families were multiply affected (‘familial’), i.e. had at least two members among first- and/or second-degree relatives affected, whereas others were singly affected (‘non-familial’), i.e. only one known member of the family was affected with schizophrenia.

The familial/non-familial (or sporadic) distinction among patients has been proposed as a study design to separate out genetic and environmental risk factors for schizophrenia (Murray et al., 1985). It has had variable success, as such patients often display similar abnormalities (Roy & Crowe, 1994). It is important to stress that this was not the intention of the present study of unaffected relatives of patients, as relatives of patients from singly affected families were still expected to demonstrate biological abnormalities resulting from susceptibility genes for illness; rather, we presumed that any such endophenotypic effects would be more prominent among relatives from multiply affected families. Among a small number of the ‘familial’ families, further variation in genetic risk was sought by specifically seeking families where transmission appeared unilinear, i.e. a family history of schizophrenia was present in at least one first-degree relative of only one of the parents of the index patient, while the other parent’s family was unaffected by psychotic illness as far as could be ascertained. In these families, the parent who appeared to be transmitting genetic liability from sibling/ parent to child was hypothesized to be at particularly high likelihood of carrying susceptibility genes for illness and described as a ‘presumed obligate carrier’ of genetic liability for schizophrenia. The number of parents recruited for different sections of the study who were presumed obligate carriers of genetic liability was small and, in general, analyses were performed on larger samples of relatives in the first instance. Even with this varying level of presumed genetic loading, considerable variation still existed in the density of illness among familial families and some analyses were also performed modelling this likely variation quantitatively using a continuous ‘genetic liability scale’. The derivation of this scale is described in detail in Chapter 2 and analyses of its relationship with cognitive function and brain structure presented in later chapters. Given the apparent clinical and genetic overlap between schizophrenia and bipolar disorder described above, the clinical phenotype has also been broadened in recent years to include families multiply affected with psychotic bipolar 1 disorder. 

The purpose of this monograph is to: (1) bring together key findings, selected for highlighting by the authors, from each of the main arms of the Maudsley Family Study of Psychosis into a single volume; (2) provide a comprehensive description of the background and clinical details of the entire sample of participants; (3) present major unpublished data analyses, including smooth pursuit eye tracking results, memory function and region-of-interest neuroimaging data combined across the entire sample of families affected with schizophrenia; and (4) draw together findings from the different arms of the study.
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