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Abstract.

The identification of the genetic variants underpinning bipolar disorder (BPD) has
been impeded by a complex pattern of inheritance that may include by genetic
heterogeneity, — genelic  epistasis,  gene-environment  interactions, incomplele
penetrance and variable expressivity. In this thesis three strategies were employed to

amcliorate these confounding factors.

The first strategy was to focus on a theoretically genetically-homogenous population
with BPD. A unique South African sample including 190 individuals of the relatively
reproductively-isolated Afrikaner population yielded promising evidence of linkage to
chromosome 1¢31-32 and weaker peaks at 10q23 and 1332, regions previously
implicated i the disorder. A family-based analysis suggested that the 3" variablc
number tandem repeat (VNTR) variant of the dopamine transporter gene (DAT) is

associated with bipolar-spectrum illness in the 132-strong sample of British ancestry.

The second strategy was to carry oul genetic linkage and association analyses using
quantitative traits (endophenotypes) that were closely associated with BPD. As part of
this process a variety of personality traits were evaluated in the cohort, and anxiety-
rclated, novelty-secking, hyperthymic, and cyclothymic personality traits were found
to aggregale in participants with BPD and to a lesser extent repeated unipolar illness
(MDE-R). These traits were therefore used as quantitative markers or endophenotypes

ol BPD.

The quantitative linkage analysis indicated that a variant in the region of 13¢32 may
influence the development of novelty-sceking-related traits in the largest Afrikaner
pedigree, while the personality trait, “Stability”, was weakly linked to 4pl16 in the
total sample. The catechol-o-methytransferasc (COMT) Vall58Met and the Brain
Derived Neurotrophic Factor (BDNF) Vall66Met polymorphisms were associated
with mood-labile-cyclothymic and hyperthymic-novelty-seeking traits, respectively.
The DAT VNTR and the Notch4 exonic repeat variants were associated with a broad
range of “pathological” personality traits in the samples of British and Afrikaner

origin, respectively.



The sample was also evaluated with a battery of neuropsychological tasks and the
BPD I and MDE-R groups displayed both verbal and visual memory recall deficits
while the BPD [ sample also sulfered from recognition memory delicits. The
neurocognitive trait, “Memory” was therefore used as a second endophenotype
generating potential linkage signals on 10g23 and 22¢11. The exonic 48bp VNTR
polymorphism in the dopamine 4 receplor (DRD4) gene was associated with

“Memory” performance.

As a third strategy, a potentially important aetiological factor, childhood trauma, was
measured, and used to test for gene-cnvironment interactions between the various
candidate genes and bipolar-illness or BPD-related endophenotypes in the cohort.
BPD and MDE-R individuals displayed significantly higher levcls ol emotional and
physical abusec, and the former variable was also associated with the development of
anxicty-related and unstable personality traits. A functional variant of the COMT gene
was found to interact with abuse to predispose to anxicty-related, unstable-
cyclothymic and novelty-seeking-related personality traits. The combination of
childhood abuse and possession of low-activity MAQO-A gene variants was also
associated the development of more anxious and unstable personality traits. An
interaction between scxual abuse and the BDNF gene modulated performance on
verbal and visual memory tasks. A similar interaction between the Apof gene and

sexual abuse was observed.

Although a number of theoretical obstacles remain to be resolved, the analyses of
isolated populations coupled with the use of endophenotypes and the testing ol gene-
cnvironment interactions, holds out great promise for the eventual elucidation of the

penetic basis of bipolar affective disorder.



Chapter 1.

“Once the attack of maniu is over the sick persons become slowed down, docile,
taciturn and sad, and when they recall the illness they have been through they feel
anguish at their wretchedness ™. Aretacus of Cappadocia, quoted by Koukopoulos et

al. (2001, p 310).

|.1. Introduction.

Bipolar disorder (BPD) is a severe, chronic and potentially malignant psychiatric
1lness that is associated with significant morbidity and mortality. In 1990 the World
Health Organisation listed BPD as the sixth leading cause of disability in the world
among people in the 15-44 year-old category (Pini et al. 2005); a greater degree of
disability than chronic diseases such as osteoarthritis, diabetes and asthma (Sajatovic
2005). The illness imposes a significant load on health-care systems around the world
with the total economic burden in the United States totalling approximately 45 billion
dollars (Hirschfeld and Vornik 2005). About 60% of (even university-educated) BPD
individuals are unemployed, and of those employed almost 50 annual workdays are
lost per person per year (Sajatovic 2005). More seriously, up to 30% of patients
attempt suicide, with an odds ratio for attempts of about six compared to three for

unipolar depression (Bauer and Pfennig, 2005).

BPD runs in families, and has a strong genetic basis (Craddock and Jones 1999).
Given the human and capital costs associated with the illness, a world-wade eflort is
being made o isolate putative discase loci: an undertaking that promises to help
clucidate the pathophysiology of BPD and catalysc the development of more
clficacious therapeutic strategies. Despite millions of dollars worth of research, no

genetic variant has unequivocally been shown to render individuals susceptible to the



disorder, and at best the findings are contradictory. The causal role of multiple loci of
small effect size, gene-gene interactions, the contribution of unknown or unquantified
environmental factors and the possible pathophysiologically and genetically
heterogeneous nature of the disorder has blunted the edge of foregoing molecular

investigations (Gould and Gottesman 2006; Hasler et al. 2006).

In this thesis three different strategies are adopted in order to try and counter some of
these problems. Each strategy forms the basis of a separate chapter or chapters of the

thesis. These chapters are sclf-contained with each consisting of:

(1) A review of the relevant literature.

(2). A summary of the rationale behind the strategy employed.
(3). An outline of lhe methodological details of the study.

(4). A section in which the results of the analysis are presented.

(5). A discussion of these results.

Information that is believed to be important but cannot be included in the main body
of the thesis without making it unwieldy is presented in the various appendices at the
end of the thesis. In Appendix A general background information on linkage and
association analyses is offered as 1t is relevant to the interpretation of the results and
the cvaluation of the discussion. Appendix B contains a detailed tabular summary of
the results of published linkage analyses. Appendix C addresses methodological
details such as primer sequences, and Appendix D is a pedigree drawing of the largest
family. Appendices E and F contain psychometric information about the personality

and neuropsychological tests used in the thesis.

Belore moving on to the central aspects of the thesis, a general background discussion
ol bipolar illness is presented here, including its symptomatology, diagnosis and

epidemiology. A final chapter (Chapter 6) sums up the thests in tis entirety.



1.2. BPD: Symptomatology and Diagnosis.

[ knew hatred
latred for

The blood

and marrow
that courses
through

my cursed being

Hatred

Sfor the other

So distant and discreet
Pissing in dark alleys
Screaming and intent

! seek revenge

To free this

wreckage of a body

The fragments of a life interred
With the stench of body fluids
l.ess innocent than mine

Knowledge and belief

know no template

Buried in this bone

Borne to bear a faulty gene

This spirit incarnate

seeks the unseekable

Meets the unspeakable

and, 1 juxtapose, quite formally,
Eves spilling blood, and your stately

guze.

Molly Message, (2001), a participant in
this study.

The light emanates
From glass unshattered
the wind blows

through trees unblighted
with infant ease

and

[implode

and feel the beauty.

The light splits

through crags enclimbed
The bush exudes

native tenderness

and the ease and freshness
touches unframed bodies
lo pass into

the beauty of u

world in need of nothing.

Molly Message, (2001).

Manic-depressive illness is a pathological disturbance of affective regulation, which is
characterised, in its prototypical form, by a seemingly capricious oscillation between
extreme clation or mania and its polar opposite, devastating depression - hence the

formal name, "bipolar disorder" (APA, 1994).



A description of mania:

There is a peculiar kind of pain, elation, loneliness and terror involved in this kind of
madness. When you've high it’s tremendous. The ideus and feelings are fust and
[frequent like shooting stars, and you follow them until you find better and brighter
ones. Shyness goes, the right words and gestures are suddenly there, the power to
captivate others a felt certainty. ... Feelings of ease, intensity, power, well-being,
financial omnipotence, and euphoria invade one's marrow. But somewhere this
changes. The fast ideas are too fast... overwhelming confusion replaces clarity.

Everything previously moving with the grain is now against you - you are irritable,
angry, frightened, uncontrollable, and enmeshed totally in the blackest caves of the

mind.

Kay Redficld Jamison, (1995, p 67).

A manic episode is a profound disturbance of emotion that is characterised by an
abnormally elevaled, expansive or irritable mood (APA 1994). Elation and euphoria,
expressed in the guise of laughter, punning and joking are typically observed, and
manic individuals are usually grandiose, loquacious, hedonistic, and impulsive
(Akiskal 1995). The enormous increase in mental and physical energy associated with
the episode may be expressed in the form of racing thoughts, pressured speech, sexual
promiscuity, distractibility, psychomotor agitation and decreased nced [or slecp (APA

1994).

The mood state is not always stable and it may be punctuated by tearfulness or
ferocious irritability and hostility, particularly when the patient does not get his/her
own way (Akiskal 1995). In these cases, the patient may be diagnosed with a mixed
manic episode: the simultaneous presentation of depressive and manic symptoms.
Mania is not always pleasant. Sometimes the high can become so intense that the
mood actually becomes dysphoric in nature (Akiskal 1995). Manic individuals often
leave a trail of destruction in their wake - in particular, damaged rclationships and
financial debt - which only serves to exacerbate the period of deep depression which

invariably follows the unnatural emotional high (Jamison 1995).



A description of depression:

"It is like falling into a deep black pit; or being drawn down into a dark vortex... With
it goes all feeling. There is no despair for there is no meaning; all is as white as the
absence of colour, as black as all colour. It is a state of non-heing... the closest [ can
come [to giving it a description/ is that of a void; of being condemned to life. And as
the ability to live recedes, the most terrifving part of it all is that it leaves a certain

serenity. At that point only the idea of death itself gives hope”.

Claire Dubois quoted by Peter Whybrow (1997, p 23).

"

The term depression "... has slithered through language like a slug, leaving little
Irace of its intrinsic malevolence and prevented by its very insipicity, a general

awareness of the horrible intensity of the disease when out of control”.

William Styron (1991).

Depression is not only associated with subjective [eelings of sadness and emptiness,
but typically causes a variety of physical disturbances such as msomnia or
hypersomnia, weight gain or loss, psychomotor agitation or retardation, fatigue and
lassitude (APA 1994). Common psychological sequelac of the disorder include
anhicdonia, exaggerated feelings of worthlessness, inappropriate guilt, and the
inability (o think clearly or concentrate (APA 1994). In more severe cases, the patient
often presents with psychotic features which are prototypically characterised by

themes of worthlessness, sinfulness and persecution (Akiskal 1995).

At first glance the intensity and cyclical nature of the illness appears to lend itself to
casc of diagnosis. The reality is somewhat different. A long battle between divergent
psychiatric traditions has raged over the nosological status of bipolar depression and

related conditions.

The initial insight that depression and mania occur as part of the same illness is

attributed to Aretacus of Cappadocia of first century Alexandria (Angst 2000;



Marneros and Angst 2000). Modern conceptions of the disorder have their origin in
the work of Jean-Pierre Falret, who in 1851 described a discrete category of illness,
Sfolie circulaire, and Baillarger who described folie a double forme three years later
(Angst 2000; Marneros and Angst 2000). Up until the early 20" century psychosis
was seen as a unitary phenomenon. Emil Kracpelin then distinguished between two
main forms of psychosis, dementia praecox (schizophrenia) and manic depressive
insanity, a nosology that has had an unparalleled influence on the classification of
psychiatric disorders. Kraepelin (1913) posited that manic depressives have a good
clinical prognosis free from long-term cognitive deterioration, but as the name
suggests, “precocious dementia” is characterised by chronic psychosis and a
deterioration 1n intellectual functioning. Kracpelin's observations have proved (o be
lairly robust and the DSM-IV currently considers schizophrenia and BPD to be

discrete entities.

In addition to their long-term cognitive sequelae, the two disorders are differentiated
by the character ol the psychosis. Although, manic-depressives may present with
religious and paranoid hallucinations, incoherent speech, loose associations and other
hallmarks of schizophrenia, the leitmoti{ and duration of the psychosis is inextricably
linked with mood (Blacker and Tsuang 1992). In the case of schizophrenia, there is no
underlying mood disorder, although an intermediate category, schizoaffective
disorder, which is characterised by mood-incongruent psychotic features, does exist

(Blacker and Tsuang 1992).

Kracpelin did not however make a distinction between unipolar and bipolar forms of
the illness, and manic depressive illness was an inclusive label for a wide range of
affective conditions (Marneros and Angst 2000). This started to change in the 1960's
when research began to suggest that a nosological differentiation between bipolar and
unipolar forms of depression should be made. Unipolar depression was found to differ
from BPD in terms of symptomatology, course of the illness, genctics, gender ratios,

and premorbid personality (Marneros and Angst 2000).

The movement towards the differentiation of bipolar and unipolar forms ol illness,
culminated in the DSM IV of the American Psychiatric Association (APA 1994)

which makes use of a very narrow definition of BPD (Akiskal and Pinto 2000). The
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tide appears to be turning however, and a return towards a more unitary position is
gaining momentum. The renaissance of the Kraepelinian diagnostic schema has been
driven largely by Akiskal and colleagues who have noted that patients with DSM-1V
unipolar depression often display subtle f{eatures of bipolarity which are overlooked

by the clinician (Akiskal and Pinto 2000; Koukopoulos et al. 2000).

A percentage of the bipolar population experience a less potent form of mania known
as hypomania which is a period of mildly elevated mood, characterised by sharpened
thinking, increased cnergy and activity levels, scveral days to weeks 1n duration (APA
1994). Hypomania does not result in psychosis and the associated disruption of social
or occupational functioning that typically leads (o hospitalisation (Akiskal [995;
Akiskal 1986), and this form of the illness, which is also punctuated by severe

depressive episodes, is known as bipolar disorder type 2 (BPD 11).

The DSM-IV specifies that the hypomanic period must be of at least four days
duration i order for the patient to mcet the criteria for BPD 11 (APA 1994). This
leaves a significant portion of the clinical population who suffer from brief (less than
four days) hypomanic episodes in a nosological no-man’s land, and they arc currently
subsumed under the unipolar banner (Akiskal and Pinto 2000). Other “unipolar”
patients suffer from short-lived hypomanic episodes as a result of pharmacotherapy
(Akiskal et al. 2003b). These individuals who do not fall neatly into the BPD [ or Il
categories but present with so-called "soft" bipolar signs may account for up to a third
of bipolar cases (Akiskal and Mallya 1987). The distinction is not only academic in
naturc, but has treatment implications because “soft” bipolars may show an adversc
response to treatment with anti-depressants, cspecially the tricyclic and sclective

scrotonin reuptake inhibitor (SSRI) classes of drugs (Akiskal and Mallya 1987).

In summary then, an entire spectrum of bipolar illness from dramatic schizophrenia-
like psychoses to chronic dysthymia exists (see Tables 1.1 and 1.2, below). These
disorders may share a common or at least partly overlapping actiology which 1s
problematic [or geneticists who have traditionally relied on DSM-1V diagnoses to

label study participants as affected or unaffected.
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Table 1.1: The Pisa/San-Diego Nosology of BPD. (Adapted from Akiskal, 1986;

Akiskal and Mallya, 1987; Akiskal, 2001; Akiskal and Pinto, 2000; Angst et al. 2002;
Perugi and Akiskal, 2002, Perugi et al. 2003; Akiskal et al. 2003).

Nomenclature, | Typical DSM-1V | Symptomatology/Signs.
Diagnosis.

BPD Type 0.5. | Bipolar  Type I or| llluess dominated by mania rather than
Schizoaffective Disorder. | depression.

BPD Type L

Bipolar Type I.

Classical alternating periods of depression and

mania.

BPD Type 1.5.

BPD Type I or Il

Protracted hypomania with episodes of

depression.

BPD Type I1.

Bipolar Type II.

Major depression with hypomania of at least 4
days duration. Individuals have a “sunny”

disposition.

BPD Type 2.5.

Cyclothymia, Borderline

Present with depression and hypomanic

PD or Atypical | episodes of 1-3 days duration or less.

Depression. Rapid swings in  mood, cognition and
behaviour. Irritable, mood-labile, risk-taking,
rejection  avoidance, interpersonal sensitivity
and impulsivity.

BPD Type lIl. | Major unipolar | Present with chronic mild depression or major
depression;  recurrent | depression. Hypomania and/or rapid cycling
minor depression, | upon TCA or MAO challenge. Bipolar family
dysthymia or  double | history, ecarly onset and high frequency of
depression. episodes.

BPD Type 3.5. | Major Unipolar | Depressive and hypomanic swings associated
Depression with | with stimulants and other substances of abuse.

Substance Abuse.

BPD Type V.

Muajor Unipolar

Depression

Present with depression - often mixed

depressive states. Agitated depression which

occurs later in life: often males in 50°s,

dysphoria, anxiety, increased sexual drive.

Hyperactivity in youth.
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Table 1.2. The Diagnostic Schema of Angst. (Angst ct al. 2003).

Diagnosis. Description.

Bipolar | ~,Hospitalise(1 Mania + Major Depression.

Bipolar I1 Major Depressive Episodes with any

hypomanic symptoms.

Minor BPD Dysthymia, minor depression or recurrent
brief depression with any hypomanic

symptoms.

Pure hypomania Hypomanic  symptomatology without

depression.

1.3. Epidemiology.

According o the DSM-1V, the lifetime prevalence of BPD is 0.4-1.6% for BPD | and
0.5% for BPD 11 (APA 1994). These figures fall broadly in line with more recent
epidemiological surveys. Pini et al. (2005) summarised the results of epidemiological
studies in ten European countries, with most studies suggesting a 12-month
prevalence of BPD I of approximately 1%. The prevalence rate for BPD II varied
more between studies with some surveys reporting BPD 1 to be more common than
BPD 1, and others indicating the opposite pattern (Pini et al. 2005). The same trend 1s
observable in an carlier review by Angst (1998) who suggested lifetime prevalence
rates of 0.2-3% for BPD II. The lifetime prevalence rate for the “softer” spectrum of
bipolar illness is significantly higher with estimates ranging {rom 2.8 to 0.5% (Bauer
and Pfennig 2005). Angst et al. (2003) reported prevalence rates of 0.5% for BPD 1,
1.7% for BPD II and 21.3% for major depressive disorder when traditional DSM-1V
criteria were used. Employment of their alternative classification (described in Table
1.2) however, resulted in new prevalence rates of 11% for the soft bipolar spectrum
and 11.4% for major depressive disorder (Angst et al. 2003). In other words, up to
hall of patients currently diagnosed with unipolar depression could have a bipolar

diathesis!
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Women are about twice as likely as men to develop major depressive disorder
(MDD), but this skewed sex ratio is not observed in BPD (Blazer 1995). BPD can
develop at any time between childhood and middle age, but the vast majority of
individuals fall ill during their adolescence or carly twenties (Blazer 1995). The mean
age of onset ol a large sample (2 839) of patients was recorded by the Stanley

IFoundation BPD registry to be 19.8 years (Kupfer ¢t al. 2002).

Co-morbidily is common - especially drug or alcohol abuse. Regier et al. (1990) noted
that approximately 25% of their sample of patients met DSM criteria for substance
abuse. The European epidemiological studies reviewed by Pini et al. (2005) put this
figure even higher at close to 70%. Anxiety disorders, including generalised anxiety
disorders, panic disorder, post-traumatic stress disorder and specific phobias are also
salient (Pini et al. 2005). In fact, Angst (1998) found that patients with BPD Il were
10 times more likely to suffer from panic attacks than non-bipolar controls. Somatic
conditions such as cardiovascular disease, cancer, and cerebrovascular disease are

also a problem (Bauer and Pfennig 2005).

Genetic factors play a significant role in the actiology of BPD. Family bascd research
1s predicated upon {he notion that if the disease of interest is genetic or at least
partially genetic, then the risk of developing that disorder will be greatest among
[amily mcembers who are closely related to the proband or aflected individual. The
results of these studies are expressed in terms of relative risk. That is, the ratio of risk
in the first degree relatives of the bipolar probands to the risk in the first degree
relatives of controls. In their review Cradock and Jones (1999) report that all studies
have shown an increased risk of BPD amongst the first degree relatives of bipolar
probands, with the relative risk ranging from 2 to 20 (mean 7) depending on the study
quoted. A more recent review by Merinkangas and Low (2004) examined “well-
controlled” studies of mood disorders amongst the relatives of bipolar probands, and
found that the relative risk ranged between 3.7 and 17.7, with a weighted average of

9.2.

These data are illustrative of the fact that BPD tends to aggregate in [amilies. The
relative risk ol developing unipolar depression, BPD and schizoaffective disorder is

also enhanced in the relatives of BPD probands (Craddock and Jones 1999).
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Family based studics arc howcever open to the counter criticism that BPD aggregates
in families due to environmental risk factors: the notion that disturbed parents will
bring-up pathological offspring. Twin studies seek to eliminate this possible objection
by comparing the concordance rates of monozygotic and dizygotic twins raised in
identical environments. The outcome of this type of study is expressed as a
heritability value - the proportion of the statistical variance of the trait (diagnosis of

BPD) that can be attributed to genetic variation in a particular population.

As a basic principle, heritability values can be estimated as double the difference
between monozygotic and dizogotic correlations in liability (since monozygotic twins
share 50% more DNA than dizygotic twins) to give the full genetic effect size. In
practice, however, many different types of statistical corrections arc madc to increase

the accuracy of the results.

A summary of the largest twin studies that the author is aware of is displayed in Table
I.3. Heritability values for narrowly defined BPD range from 59%-93%, with four out
ol the five studies indicating heritability scores of upwards of 80%. The modecrately
high monozygotic twin concordance rates of about 40% illustrate the importance ot
non-genetic factors in the precipitation ol the disorder, and these data are discussed in

Chapter 5.

Table 1.3. Twin Studies of BPD

Study. MZ Concordance | DZ Concordance | Heritability
Pairs Pairs

Bertelsen et al. | 34 62% 37 8% 59%

(1977).

Kendler et al. (1995). | 13 38.5% 22 4.5% 79%
Cardno et al. (1999). | 25 44% 33 9.1% 87%
McGuffin - et al. | 30 40% 37 5.4% 85%
(2003)

Kieseppa et al. | 7 43% 18 6% 93%
(2004)
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According to Craddock and Jones (1999), only two adoption studies have made use of
current conceptualisations of BPD. Mendlewicz and Rainer (1977) found that the
biological parents of bipolar adoptees had about an 18% chance of developing a
broadly defined affective disorder (BPD, schizoaffective disorder or unipolar
depression), while the adoptive parents of these selfsame individuals had about a 7%
risk of developing affective problems. Wender et al. (1986), used a much smaller
sample (10 subjects), and also found that the biological relatives of BPD adoptees
were al a greater risk of developing the disorder than the adoptive family members,

although the resulls were not statistically significant.

1.4. Aim of the Study.

In this thesis a trilateral approach to the elucidation of the genetic origins of bipolar
alfective illness i1s presented. The three pillars of this strategy are described in
Chapters 2, 3, 4, and 5.

(1). Traditional linkage and association studies were conducted on the cohort of South
Alfrican bipolar families with special emphasis on individuals of Afrikaner origin
(Chapter 2).

(2). Quantitative linkage and association analyses using personality traits and
neuropsychological data as endophenotypes for BPD were performed as described n
Chapters 3 and 4.

(3). Association analyses and linkage analyses were enhanced by controlling for one

potential environmental risk factor: childhood abuse or neglect (Chapter 5).



Chapter 2.

The Molecular Genetics of Bipolar Affective Disorder:

South African Populations.

The last of the clan was Phyllis. She was about nine years older than Edgar and
nursed at St Bartholomew's hospital. She was always feeling that she was being
persecuted and once when she had one of her mental breakdowns ... I was sent to
fetch her ... I had a black MG open sports car and I put Aunt Phyllis in the front with
me... and throughout (he journey she’d be shouting and screaming wherever we
stopped and whatever we did, and I being quite a young man — I was a medical
student — found it most embarrassing that she would shout and scream and talk to

practically everyvone, purticularly if we stopped for lunch or tea or a meal.

Lixtract from an autobiography of the late Edgar Hacking, a participant in this study,
describing the manic behaviour of his aunt in the UK before immigrating to South

Africa.

2.1. Linkage Analysis.

In the following scctions the application of hnkage methodologies to BPD is
examined, and the most promising chromosomal regions that have been linked to the
illness reviewed. For cach chromosome that is discussed, a figure summarising the
linkage results is presented, and detailed information such as sample size, statistical
techniques, markers used and affection status is presented in a scparate table in

Appendix B.

A vast number ol linkage analyses have been carried out on BPD over the last 15

ycars and a number of promising loci have been identified. In the following scction
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these chromosomal regions are highlighted. All chromosomal distances are quoted in
megabascs which were obtained from the August 2005 build of the Ensembl Human

Genome Database (www.ensembl.org).

Chromosome 1.

Turecki et al. (1995) provided the initial impetus for investigations of chromosome |,
when they reported an association between a fragile sitc on chromosome 1g32 and
BPD. Detera-Wadleigh ct al. (1999) replicated this finding in a sample of 22
multiplex pedigrees. A LOD score of 2.67 at 205.3 Mb and a multipoint affected sib-
pair NPL scorc of 1.78 between markers at 206.1 and 211.1 Mb (1q32-1g41) were
obtained. A sample of 65 North American lamilics, implicated a slightly more distal
region with the marker D15549 at 216 Mb returning a NPL score of 2.27 (Mclnnes ¢t
al. 2003). A recent study of families with bipolar, schizoaffective and schizophrenia
provided evidence of linkage to a marker at 231 Mb with a LOD scorc of 3.54
(Harnshere et al. 2005). Similar results were obtained by MacGregor et al. (2004) in
their investigation of 22 Scottish families, with a two-point parametric LOD score of

2.63 at 227.2 Mb (1g42.2) under a recessive inheritance model.

Various other studies have been weakly suggestive of linkage to this region. A
genome-wide scan carried out on a large pedigree from Quebec, Canada produced a
NPL scorc of 1.99 with marker D1S229 at 213.5 Mb, although parametric tests failed
to conlirm these data (Morissette et al. 1999). An alfected sib-pair analysis conducted
on an isolated population from Finland produced a NPL score of 1.8 for the marker
DIS1660 at 195.3 Mb (Ekholm ct al. 2003). The iollow-up study of the French
Canadian sample again produced tacit evidence of linkage to 1¢32 with a parametric

LOD scorc of 1.23 at 195.4 Mb (Shink et al. 2004).

The region around chromosome 1q42 has also becn linked to schizophrenia (Hovatta
ct al. 1999; Ekelund et al. 2001; Hwu et al. 2003). More evidence implicating the
region comnes from a pedigree in which a chromosomal translocation (1; 11) (g42;
q14.3) was found to be cosegregating with a schizophrenia spectrum, bipolar or

depressive phenotype (Blackwood et al. 2001).
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The first wave of the NIMH collaborative sample of 97 families, with 540 genotyped
individuals, of whom 232 were diagnosed with BPD I, and 72 with BPD I,
highlighted a dilferent region, 1p31.1. Rice et al. (1997) reported a highest MOD
(Modified Logarithm of the Odds) score of 1.94 at DI1S1648 (73.1 Mb). A peak
between markers D1S224 and D1S10648 in the same region was also observed in their
multipoint analysis (Rice et al. 1997). A genome-wide scan carried out by Ewald et al.
(2002) in two large Danish families supported these data. An aftected-only parametric
two-point LOD score of 2.75 at 77.4 Mb, and three point LLOD scorc of 2.98 at 68 Mb

were reported.

Another locus on chromosome 1 that has been linked to BPD in at least two studics is
1g23. Fallin et al. (2004) detected an NPL score of 3.047 at 1q23.3 (157.6 Mb) in
Ashkenazi Jewish families and weaker evidence of linkage to this region was also
obtained by Shink et al. (2004) in their French-Canadian sample. A linkage
disequilibrium study of an Arab population with schizophrenia spectrunm illness

produced a statistically significant score for a marker at 148 Mb (Kohn et al. 2004).

Of particular interest to this thesis is a study by Abecasis et al. (2004) who carried out
a genome-wide scan in 34 South African schizophrenia families of Afrikaner descent.
Schizophrenia and BPD have been hypothesised to share susceptibility variants
(Berrettini 2004; Craddock et al. 2005). No evidence of linkage to 1q32-42 was
detected. A novel signal on the short arm of the chromosome was however reported

by the authors.

In summary then, three regions on chromosome 1 have been linked to BPD in at least
two studies: 1p31, 1923, and a broad region, 1q32-1g42 (sce Appendix B for details).
While none of these loci are particularly convincing candidates, the author has chosen
to investigate the area around 132 further on the basis of the fact that the region has

been linked to BPD in four independent samples.
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Figure 2.1. Linkage Data for Chromosome 1.
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Chromosome 2.

The most exciting findings on chromosome 2 have been related to unipolar rather than
bipolar depression. Zubenko et al. (2002) examined 81 families characterised by
carly-onsct recurrent major depression with 6 markers around the cAMP response
element binding protein (CREBT1) on 2¢33.3. LOD scores of 6.331 and 6.866 in
female affected relative pairs only were reported for the markers, D252321 and
D2S2208 which lie 451 Kb apart at 208.1 and 208.5 Mb, respectively. Gender and
linkage to 2q were entered into the model as covariates. A follow-up genome-wide
scan of the 81 families this time produced a non-parametric LOD score of 8.19 at
D282321, after co-varying for gender and linkage to 2q (Zubenko et al. 2003).
Another secondary linkage peak with a score of 6.72 was obtained for the marker

D2S427 at 232 Mb (Zubenko et al. 2003).

Although these results were obtained in families with a unipolar depressive
phenotype, there is a substantial overlap between BPD and UPD. A review of the
literature concluded that on average, relatives of BPD probands are 3-fold more likely
to develop UPD than an individual from the background population (Smoller and Finn
2003). Sunilarly, the relatives of UPD probands are at a significantly increased risk ol

developing BPD (Smoller and Finn 2003).

The covariate, “linkage to 2q” was specified as a dichotomous variable by
[ractionating the sample into those families with LOD scores above and below zcro.
This methodological approach may however have artificially inflated the reported
LOD scorcs. Nevertheless an independent group have reported an association between
the 124bp allele of D252944 a tetranucleotide marker on 2435 and recurrent major

depression in [emales (Philibert et al. 2003).

Venken ct al. (2005) have reported linkage to the same region in BPD pedigrees. Nine
familics from a geographically isolated part of northern Sweden returned a multipoint
parametric LOD score of 2.10 between 198.1 and 233 Mb. A genome-screen of 154
narrowly defined and 258 broadly dclined affected sibling pairs from the UK
implicated a more distal region, with a maximum NPL score of 1.70 at marker

D2S125 on 2q37.3 (240.9 Mb) (Bennett et al. 2002),



Other areas of chromosome 2 that have produced interesting findings include 2p13
(Mcinnes et al. 2003; Park et al. 2004), and 2p22 (Mclnnes et al. 2003; Middlcton et
al. 2004). Maziade et al. (2004) detected linkage to 2gl4.1 and 2q22.3 with a
maximum parametric LOD score of 2.76. The latter region was also implicated by

Middleton et al. (2004) in a genome-wide scan using over 11 000 SNPs.
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Chromosome 4.

While vast arcas ol chromosomes 1 and 2 have been implicated in BPD, a somewhat
greater consensus seems (o have been reached with respect to chromosome 4. Three
distinct regions on the chromosome have been suggested 1o harbour bipolar
susceplibility genes: 4pl06, 4p15-14 and 4q32-35 (see Table 3). Writing in Nature
Genetics, Blackwood et al. (1996) reported a two-point parametric LOD score of 4.1
at D48394 (7 Mb) in a single 120 individual strong Scottish [amily. A three-point
analysis with surrounding markers further increased the [LOD score to 4.8. Eleven
other smaller families were then typed, and a two-point heterogeneity LOD score of

4.1 was again obtained at D4S394 on 4p16.1 (Blackwood el al. 1996).

Ewald et al. (1998) replicated the findings of Blackwood et al. (1996) in two Danish
pedigrees with a two-point parametric LOD score of 2 at the same marker, D4S394
under a recessive model of inheritance. No statistically significant resulls were
forthcoming however, when a dominant inheritance model was used. The same group
lollowed up this report by typing additional markers and produced an almost identical

1.LOD score of 1.97, again under a recessive mheritance model (Ewald ct al. 2002).

More recently, Als et al. (2004) identified 11 patients with schizophrenia and 17
patients with BPD from a relatively isolated population on the Faroe lIslands. The
authors carried outl a linkage disequilibrium analysis, based on the premise that
aflected Faroese individuals share a common ancestry and therefore discase genes.
Various haplotypes ol markers on 4p16.1 (8.3-10.3 Mb) were associated with both the
schizophrenia and BPD samples, although interestingly the strongest evidence lor

association was provided by the combined data set (Als et al. 2004).

Visscher ¢t al. (2005) used the samples of Blackwood et al. (1996), Ewald et al.
(1998) and Ginns et al. (1998) to produce a consensus map of the region at 7-10 Mb
although resolution of the region was not significantly improved, a result partially

attributed to genetic or locus heterogeneity.

Asherson et al. {1998) examined 191 individuals in 24, mostly UK families with a

history ol both schizophrenia and bipolar spectrum conditions, and found weak
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evidence for linkage to the marker D4S403 on 4p15.3 (13.4 Mb), with a two-point
parametric LOD score of 1.12 under both dominanl and recessive models of
inheritance. One particular family however, appeared to contribute predominantly to
this positive LOD score, providing evidence for genctic heterogeneity (Asherson et al.

1998).

Other researchers have implicated a region on chromosome 4p that lies closer to the
centromere. A multi-point sib-pair analysis returned a LOD score of 1.77 for Detera-
Wadleigh ct al’s, (1999) collection of 22 BPD families, but more significantly, one of
the largest pedigrees returned a parametric LOD scorc of 3.24 at 4pl15.1 (35.5 Mb)
under a dominant model of inheritance with 50% penetrance. Bennett et al. (2002)
collected a sample of 154 narrowly defined and 258 broadly defined BPD sibling
pairs [rom the UK and lIreland and reported a weakly positive maximum multipoint
LOD scorc of 0.79 at 4p14 (40.2 Mb). Using the NIMH pedigree set, Willour et al.
(2003) detected a linkage peak between 39.1 and 42.5 MB with the affected only

analysis returning a NPL score of 2.16.

An area of chromosome 4 that has more recenlly attracted interest is 4q32-35. Adams
et al. (1998) carried oul a genome-wide scan on a large Australian pedigree, detecting
a maximum two-point parametric LOD score of 2.20 at D4S1652 (190.4 Mb) and a
three point 1.OD score of 3.19 between markers on 4q35.2. The follow-up analysis by
Badenhop et al (2003), this time with a sample of 55 families, produced a two-point
parametric LOD score o 3.2 at D4S1652 under a dominant model of inheritance with
several other markers in the region producing 1.LOD scores greater than 1.5. Friddle ct
al. (2000) reported an HLOD score of 2.11 in a region only 1-5 Mb away in a sample
ol 50 American familics, a result replicated by Mclnnes et al. (2003) who oblained a

non-parametric LOD score o 2.80 al 188.4 Mb.

A region 10 Mb towards the centromere at 4q34.3 (179 Mb) produced a LOD score of
1.46 under a recessive model of inheritance in an isolated population group [rom
northern Sweden (Venken et al. 2005). Ekholm et al. (2003), Mclnnes et al. (2003)
and Willour et al. (2003) implicated an cven more centromeric region with the same
marker (D451629) on 4¢q32.1 (158.7 Mb), achieving LOD scores of 2.6, 2.8, and 2.49,

respectively. The latter two authors made use of an overlapping sample of the NIMH
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datasel. Ekholm et al.’s (2003) finding was augmented by a three-point analysis which

returned a maximum LOD score ol 3.6.

In summary, an area between 7 and 13 Mb on the short arm of chromosome 4 has
been linked with BPD in at least four independent samples with a maximum LOD
score of 4.8 1 Blackwood et al’s (1990) study. The region between 35 and 42 Mb has
been highlighted in three independent samples although the LOD scores are weaker,
peaking at 2.106. Finally, a vast region between 158 and 190 Mb on the long arm of the
chromosome has generated interest with statistically significant results obtained in
four independent samples, with a maximum LOD score of 3.6. Given the size of this
arca, and the wcakness of the linkage peaks detected between 35 and 42 Mb, the

region around 4p16.1 will be concentrated on in this thesis (see section 2.5).
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Chromosome 10.

Two major regions of chromosome 10 have been implicated by linkage studies;
10p12-13 and 10q26, with the Jatter chromosomal band appearing to be the stronger
candidate. Detera-Wadleigh et al. {1999) first reported weak evidence of linkage to
10g25.3 in a sample of 22 families, with a pair-wisc parametric LOD score of 1.69
under a recessive model of inheritance. A slightly more distal region on 10q26 was
more clearly implicated in an independent sample ol predominantly German familics
(Cichon et al. 2001). A two-point LOD score of 2.86 at marker D10S217 (129.4 Mb)
under a dominant model of inheritance, and an NPL score of 3.12 at markers
D10S587, D10S1723 and D10S216 implicated a 15¢M candidate region flanked by
markers D10S1483 and D10S217 (Cichon et al. 2001).

A genome-wide survey of 20 US families produced a two-point parametric LOD
score of 2.27 under a rccessive model ol inheritance at 129.1 Mb (Kelsoe et al. 2001),
while the same approach in two large Danish pedigrees further supported this result
with an NPL score of 2.60 at an almost identical region on 10g26.2 (129.4 Mb)
(Ewald ¢t al. 2002). Mclnnes et al. (2003) reported a genome-wide non-parametric
L.LOD score of 2.12, peaking at the same marker (D10S1223) highlighted by Kelsoe et
al. (2001). Park et al. (2004) carried out a genome-wide scan with a mixture of North
American and lsraeli pedigrees, detecting weak linkage to 10q20.3 (132.4 Mb) as
cvinced by multipoint affected sib-pair analysis NPL of 1.18. No significant data were
forthcoming however when a two-point parametric analysis was run on the data. The
genetic variant or variants located 1n this region may also be a risk factor for unipolar
depression. Zubenko et al. (2003) obtained a maximum multipoint LOD score of 5.39

at marker D10S1656 (126.1 Mb) in a sample of patients with major depression.

A study of 97 NIMH families produced non-parametric LOD scores of 2.5 and 1.5 for
markers at 19.5 and 30.5 Mb (10p12-11), respectively (Foroud et al. 2000). More
recently, Bennet et al. (2002) carried out a genome-wide screen in 151 UK nuclear
familics, producing weak multipoint scorcs of 0.96 and 0.98 at 10p14-12. The samc
group then genotyped additional markers of interest in the same region, this time at a
density of 5¢M, and obtained a two-point LOD score of 3.18 at 26.6 Mb (Lambert et

al. 2005). Maziada et al. (2004) recruited 21 multigenerational families from Quebec
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and also implicated this area of chromosome 10, with a MOD score of 2.66 at 10p13-

12 (16.6-23.6 Mb).
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Chromosome 12.

Arguably the best replicated finding in the BPD genetics literature is the possible
linkage to 12q23-24. Craddock et al. (1994) originally reported a pedigree in which
five individnals presented with both affective disorders and Darier’s discase, a
dermatological condition. Although the Darier’s disease gene (A47P242) could
theoretically predispose to affective illness, the most likely explanation is that the
genetic variant involved in affective illness is in linkage disequilibrium with the
Darier’s disease locus (Craddock et al. 1994). Jacobsen et al. (2001) performed
mutational screening of the AT7P242 coding, promoter and 37 untranslated regions, in
a large sample of bipolar patients but were unable to detect any pertinent changes,
lending credence to their hypothesis. Craddock et al.’s (1994) pedigree was consistent
with an autosomal dominant form of transmission of affective illness, suggestive of a
gene of major effect. A follow-up study by Jones ct al. (2002) confirmed linkage (o
ATP242, the Darier’s discase locus, and in a sample of 45 lamilies, the same group

reported a heterogeneity LOD score of 3.52 at PLA2, a marker gene in the region.

This chromosomal area has since been intensively investigated. In fact, at least 18
studics have linked markers in a 40-50 Mb region on 12q21-24 to the presence of the
hipolar phenotype (see Table 5, Appendix B). The most proximal of these findings
were weak effects detected by Bennett ¢t al. (2002) and Venken et al. (2005) with the
marker D128326 on 12¢21.2 (76.4 Mb). In their inittial genome scan ol the NIMH
cohort, Rice ¢t al. (1997) produced a MOD score of 1.89 at 12q21.3 (83.4 Mb) using a
broad affection status model. The majority of linkage analyses, however, have

emphasised a narrower region on 12¢q23-24.

Abkevich et al. (2003) carried out a genome-wide scan in 110 Mormon {amilies with
a history of major depression. A multipoint parametric analysis under a dominant
inheritance model returned an HLOD score of 4.6 at 12¢q23.1 (97 Mb). Turecki et al.
(2001) reported a much weaker LOD scorc (1.27) at the same marker in a cohort of 31

multiplex families in which the probands were efficaciously treated with lithium.
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Mclnnes et al. (2003) detected a linkage peak only 2 Mb distal from the Abkevich et
al. (2003) and Turecki et al. (2001) results in their sample of 65 American BPD
pedigrees. A NPL score of 2.08 was obtained under a broad affection status model.
This report was echoed by the more recent {inding of Maziade et al. (2004) who
teported a MOD score of 3.53 at 101.4 Mb under a recessive model ol inheritance. An
almost identical region was implicated by Venken et al. (2005) at 102.7 Mb in a
sample ol Swedish origin. Finally, Green et al. (2005) examined their two (amilics
with Darier’s disease using 45 markers across the 12¢23-24 chromosomal region in an
altempt to further delincate the region of interest. Multipoint parametric analysis
pinpointed an area between 106.7 Mb (12g23.3) and 113.3 Mb (12q24.2) with a LOD
scorc ol 4.47.

Complementary cvidence supporting the role ol this region in affective disorders is
derived from the report of Fullerton et al. (2003) who identified a putative quantitative
trait locus (QTL) influencing variation in the personality trait, neuroticism at 12q23.]
(98 Mb). Kendler et al. (1993) argued that approximately half of the genetic hability
to depression is related to levels of neuroticism. This area ol the chromosome has also
been implicated in schizophrenia with Brzustowicz et al. (2000) and Wilcox et al.
(2002) reporting LOD scores of 2.6 and 3.0, respectively, at 12g23.1 (approximately
100 Mb).

Nevertheless, a more tclomeric region has also been suggested to harbour BPD
susceptibility genes. Shink et al. (2004) obtained a two-point parametric LOD score of
3.35 and an ASP derived NPL score of 5.05 for marker D12S378 at 123.2 Mb in their
French Canadian sample. Bailer et al. (2002) used a multipoint analysis to identily a
linkage peak on 12q24.3 (124.3-128.9 Mb) with a maximum NPL score of 2.43. A
third independent sample also implicated this region. Ewald et al’s (2003) study of
two large Danish pedigrees returned a two-point parametric LOD score of 3.42, and
an NPL scorc of 2.29 at 124.3 Mbh. This region was further highlighted by Degn et al.
(2001) who reported increased haplotype sharing between 124.4 and 126.7 Mb on

12¢24.3 among bipolar patients from the isolated [Farocse population.



Figure 2.5. Linkage Data for Chromosome 12.

elas 2
=S = %
o PN
=125
ri.1 Studv Pasition LOD
: ;i t 'g / Bennett et al, (2002). 76.4 Mb
Rice et al. (1997). 83.4 Mb 1.89
-t / Turecki et al. (2001). 97 Mb 1.27
ais.11 Abkevich et al. (2003). 97 Mb 4.6
2150 is Craddock et al. (1994) 95-125 Mb 211
Dawson et al. (1995). 95-125 Mb 3.52
it .1 / . o<
/ Morissette et al. {19991, 95-125 Mb 1.61
qg =3 / Venken et al. (2005). 98 — 102.7 Mb 1.65
=1
{ azv.a¥/]/ / Melmes etal. 2003) 99 Mb
8 ] Ekholm et al. (2003). 100 Mb
=3
a? L.l Maziade et al. (2004). 99.4-101.4 Mb 3.53
2L / Green et al. {20035). 106.7-113.3 Mb 4.47
= L w3 )
:zz / Detera-Wadleigh et al. {1999). 114.5 Mb
1omay / This Thesis 117-123 Mb
ans. = / Shink et al. (2004). 1232 Mb 3.35 5.05
1 qff 'f-;‘i / Ewald et al. (2003), 1243 Mb 342
ql—- -
— Curtis et al. (2003). 124.4 Mb 29
24 =5 K Ewald et al. {1998). 125 Mb 3.37
amiome S Bailer etal (2002 1243 - 128.9 Mb 1.24
:‘ T 'ﬂE'{' -& \
E -|24- -&@

Lad



32

Chromosome [3.

Detera-Wadleigh et al. (1999) first implicated the region around 13g32 in a genome-
wide scan of 22 pedigrees. A parametric LOD score of 2.06 under a recessive model
of inheritance, and a non-parametric score of 3.4 werce detected around the marker
135779 at 100.3 Mb. A fine mapping follow-up study by the same group supported
the original finding, with a multipoint non-parametric analysis returning a LOD score

ol 3.25 in the 1dentical region of the chromosome.

Kelsoc et al. (2001) replicated these results in another North American cohort. The
authors reported two-point LOD scores of 2.4 and 2.34 for the markers D13S154 and
D135796 at 95 and 106.7 Mb, respectively. Other salient results have been published
by Shaw et al. (2003) and Park et al. (2004) with significant parametric and non-
parametric scores obtained for markers between 95.1 and 100.3 Mb. Using the
transmission disequilibrium test, Ferraren et al. (2005) returned results ol nominal
significance between 100.3 and 102.3 Mb. The other important finding in a more
centromeric region was a NPL score of 3.56 at 13g31.1 (81 Mb) by Potash ct al.
(2003).

Another area of chromosome [3 that has been highlighted by two scparate groups is
13q13. McInnes et al. (2003) obtained a non-parametric multipoint LOD score of 2.53
al 32.9 Mb, while Maziade et al. (2004) reported a multipoint parametric score of 2.27
at 37.5 Mb. These findings do not however appcar 1o be as promsing as the 13g32-33
region which has also been linked to schizophrenia. Perhaps the most impressive
results are those of Blouin et al. (1998) who detected a NPL score of 4.18 at 13¢32 in
a sample of 54 families with schizophrenia. Abecasis et al. (2004) reported a
multipoint non-parametric LOD score of 2.23 slightly distal to the Blouin et al. (1998)

finding in a sample of 34 Afrikaner families.
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Chromosome 15.

Turecki et al. {2001) lirst reported significant linkage to 15q14 (32.8 Mb) in BPD
families where the probands demonstrated a good response to lithium. A parametric
1.LOD score of 3.43 was obtained under a reccssive model of inheritance with a
broadly defined phenotype. Zubenko et al. (2003), in their study of recurrent unipolar
depression detected weak evidence of linkage 4 Mh away from the Turecki et al.
(2001) finding (36.8 Mb), with a maximum multipoint NPL score ol 1.96 at marker
D15S1012. The data of Maziade et al. (2004), derived from a sample of pedigrees
{rom castern Quebec, pointed to a region closer to the centromere with a parametric
multipoint LOD score of 4.59 at 15q12 (23.2 Mb). Of interest is the fact that this
region has also been implicated in schizophrenia with Kauffman et al. (1998) and
Stober et al. (2000) describing LOD scores of 1.96 (NPL) at 15¢g11 and 2.75 at 15q15,
respectively. The study of Freedman et al. (1997) deserves a special mention as a
[.OD score of 5.3 was obtained at DI15S128 in schizophrenic families by using a PS0
gating deficit as a neurophysiological marker for the disorder. Faraone et al. (2004)
identified a region at 50 Mb on 15q that putatively influences the age of onset of
mania. Whether this genetic factor also contributes to the risk of devcloping the

disorder is a matter of debate,

Another region highlighted by linkage studies is 15¢26. In a sample of 21 Quebec
pedigrees, Maziade ct al. (2004) detected a linkage signal at 95.8 Mb (Z=4.55) with a
diagnostic model including both schizophrenia and BPD. A mixed sample of US and
[sraeli families with a history of BPD characterised by psychosis yielded a two-point
LOD score of 1.96 and a multipoint ASP non-parametric score of 2.62 at 90.3 Mb

{Park et al. 2004).
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Chromosome 10.

Ewald et al. (1995) obtained a LLOD score of 2.5 at D16S510 under a recessive model
of inheritance in two large Danish pedigrees. The follow-up study using the same
familics again produced a significant parametric LOD score of 2.23 at 16p13.3 (5.70
Mb) under a recessive model of inheritance. Non-parametric testing was however,

non-significant (Ewald et al. 2002).

In a Costa Rican family, Mclnnes ct al. (1990) suggested linkage to D16S521 -
approximately 10cM distal to the results of Ewald and collcagues, and as part of a
genome-wide linkage analysis, Edenberg et al. (1997) found evidence of linkage to a
marker on 16p13.1 (13.6 Mb) using a non-parametric sib pair analysis in the NIMH
cohort. The second wave investigation by the same group confirmed the weak effect,
with a maximum non-parametric LOD score of 1.7 at D165S749 on 16p12 under a
broad diagnostic model (Foroud et al. 2000). A replication analysis in another sample
of 56 NIMH families again provided evidence for linkage to 16p13.1 (13.6 Mb) in the
guise of aftected relative pair and affected sib pair analyses with LOD scores of 2.1

and 2.3, respectively (Dick et al. 2002).

More positive results were once again obtained from the French-Canadian sample of
Maziade et al. (2004) with a multipoint analysis gencrating a modified 1.OD score of
4.05 between the markers D16S410 and D16S403 on 16pl12.3 (19-19.3 Mb).
Middleton ct al. (2004) used a high density single-nucleotide polymorphism (SNP)
assay in 25 Portuguese families and detected a NPL score of 2.89 in the same region
(20 Mb). In a genome-wide scan conducted by Ekholm et al. (2003), a linkage peak
with a parametric LOD score of 2.5 was detected even closer to the centromere at

16p12.1 (26 Mb).

Maziade et al. (2004) dctected a linkage signal on chromosome 16¢12.2 with a
parametric LOD score of 2.19 under a dominant model of inheritance. Bailer ¢t al.
(2002) also implicated the long arm of the chromosome in a linkage analysis ol 5
schizophrenia and 3 BPD Austrian families. Their findings were however, decidedly
mixed with a parametric LOD score of -0.41 but a marginally significant NPL score

of 1.76 at D16S289.
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Chromosome 22.

A Tirst pass analysis of 97 NIMH families yielded a LOD score of 2.46 at 24.1 Mb
(22q11.2) as evinced by multipoint sib-pair methods (Edenburg et al. 1997). Since
then, the region around chromosome 22¢12 has been linked to BPD in a number of
independent samples (Detera-Wadleigh et al. 1999; Kelsoe et al. 2001; Potash et al.
2003, and Shink et al. 2004). The most promising {indings were those of Kelsoe et al.
(2001), who carried out a genome scan of 20 families and reported a parametric LOD
score of 3.8 at 34.7 Mb (22q12.3), and Potash ct al. (2003) who achieved a non-
parametric LOD score of 3.06 at 34.6 Mb in 10 families with a history of psychotic
BPD. Hamshere et al. (2005) reported evidence for linkage to marker 225240 at 16
MDb (22q11.1) with a LLOD score of 1.96 in a sample of [amilies with schizoaflective
disorder. Shink et al. (2004) obtained weaker parametric and non-paramectric LOD

scores of 1.21 and 1.63, respectively at 43.6 Mb (22q13.3).

A number of studies have also demonstrated that adults with 22q11 deletions have a
higher than normal risk of developing schizophrenia (Bassett et al. 1998), with

Murphy et al. (1999) estimating the r1isk to be approximately 24%.
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Three meta-analyses of published linkage data have provided modest evidence
supporting linkage between some of the regions discussed above and BPD. Badner
and Gershon (2002) pooled data from all available genome-wide scans and reported
highest peaks on 13¢ and 22q. No region acheved genome-wide significance in the
analysis of Segurado et al. (2003) with strongest peaks at 9p22-21, 10ql1-22, and
14q24-32. Most recently, the 6q and 8q regions were most strongly significant under a
narrow and broad model, respectively (McQueen et al. 2005). Nevertheless, given
polential difficulties with genetic heterogeneity (see below), it is unclear how accurate

the results of meta-analyses will turn out to be.

While some researchers remain adamant that linkage analysis is the best strategy for
identifying bipolar susceptibility genes, others favour an association study based
approach. In the following section some of the genes that are candidates for playing a

role in increasing susceptibility to BPD arc examined.

2.2. Association Analysis.

“What is rare is not that someone should be in despair; no, what is rare, the great
rarity, is that one should truly not be in despair”. Soren Kierkegaard.

By April, 2004, more than 1000 original reports on the genetics of BPD had been
published (DePaulo 2004) and it was thus decided that a reasonable point of departure
was to examine the conclusions of review articles published in the last five yecars that

have addressed this topic. These data are shown in Table 2.1, bclow.



Table 2.1: Reviews of Genetic Association Studies of BPD.

Most Promising Candidate Genes.
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SERT; MAO-4; COMT

“Study.

“Potash and DePaulo (2000).
Stoltenberg  and  Burmeister
(2000).

SERT; COMT

Craddock and Jones (2001).

SERT;, COMT

Craddock et al. (2001).

SERT; COMT, MAO-A

Johansson et al. (2001).

SERT; COMT

“Jones and Craddock (2001 ).

SERT; 5-HT2A; TH; COMT; MAO-A.

Kato et al. (2001).

SERT; MAO-A; COMT

Baron (2002).

None reported,

Inouc and Lupski (2003).

COMT

Kennedy et al. (2003).

G72/G30; BDNF

Schulze and McMahon (2003).

| SERT: COMT

Tsuang et al. (2003).

SERT; DRD2; DRD4; 5-1HT24

“Craddock et al. (2005).

BDNF; G72/G30; DISCI; NRGI; COMT.

Maier ct al. (2005).

G72/G30; COMT; BDNF; PIPK2A.

w"I"zlync ct al. (2005).

G72/G30; BDNF; SERT; MAO-A; COMT

5-HT2A=Serotonin

2A; BDNF=Brain-Derived
COMT=Catechol-O-Methyl-Transferase; DISC1=Disrupted in

Receplor

Neurotrophic

Schizophrenia

Factor;

1;

DRD2=Dopamine 2 Receptor; DRD4=Dopamine 4 Receplor; MAO-A=Monoamine

Oxidase A; NRG/[=Neurcgulin

Hydroxylase.

1; SERT=Serotonin Transporter;

TH=Tyrosine

In the following sections some of the studies that have mmplicated the above candidate

genes in the actiology of BPD are discussed.
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The Serotonin Transporter (SERT).

SERT encodes a protein that is responsible for the reuptake of serotonin in the
synaptic clefts of the neurones. 1t is coded for by a gene on chromosome 17¢q11.1-q12
that is 31kb in length and is made up of 14 exons (Lesch and Mossner 1998). Two
SERT polymorphisms have been used in association analyses. The variant that has
captured most of the attention is a 44bp insertion/deletion polymorphism (5-
HTTLPR) in the promoter region of the gene, which is about 1kb upstrcam from
transcription initiation site (Lesch and Mossner 1998). The S-HTTLPR polymorphism
gives rise lo two common alleles — the long (16 repeat insertion) and the short (14
repeat deletion) - which display functional differences (Lesch et al. 1996). The short
or deletion allele possesses lower transcriptional activity leading to a relative
reduction in mRNA levels, serotonin binding, and reuptake (Lesch et al. 1996; Hcils

ctal. 1997; Little et al. 1998).

The Weinberger group have demonstrated that individuals with one or two copies of
the short allele show greater amygdaloid activity as evinced by functional magnetic
resonance imaging (fMRI1) when exposed to fcarful stimuli than individuals who arc
homozygous for the long allele (Harirt et al. 2002). A follow-up study indicated that
the 5-HTTLPR variant impacts the bechaviour of an amygdala-cingulate negative
feedback circuit that extinguishes negative affect (Pezawas et al. 2005). The activity
of the aforementioned feedback system was relatively uncoupled to the processing of
fearful stimuli in the short allele carricrs (Pezawas et al. 2005). Given the putative
role of the SERT in modulating normal emotional activity, genetic variation in the
activity of this enzyme may constitute a susceptibility mechanism for affective

disorders.

In fact, because of the effect of antidepressants on serotonin activity, genetic studics
of SERT variants and their relationship to affective disorders stretch back almost a
decade. Collier et al. (1996) were the first group to report a significant association
between the short allele of the 5-HTTLPR and BPD in a sample of 304 bipolar
patients and 281 Caucasian controls. Rotondo et al. (2002) and Hauser et al. (2003)
replicaied this finding in ltalian and Polish samples, respectively. In a family-based

analysis, Mynctt-Johnson ct al. (2000) reported over-transmission ol the short allele to
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affected individuals in bipolar pedigrees. Nevertheless, the majority of studies have
returned negative findings (Rees ct al. 1997; Kunugi et al. 1997; Bellivier ct al. 1998;

Furlong et al. 1998; Piccardi et al. 2002).

Meta-analytic work carried out by Anguclova et al. (2003) returned a significant odds
ratio (OR) of 1.14 but sensitivity analysis suggested that the association with the short
allele could be attributed to the cffect of one large study: that of Collier et al. (1990).
Lotrich and Pollock, (2004) performed a meta-analysis using random-cffects
modelling 1o control for inter-study variation. Among unipolar depressives, the
short/short genotype was found to be a risk factor, with an OR of 1.16. A similar
trend was observed among bipolar individuals although the results {cll short of
statistical significance (Lotrich and Pollock, 2004). The most recent meta-analysis
supports the hypothesis that the presence of the short allcle or short/short genotype of
the 5S-HTTLPR variant is a small risk factor for BPD with a recorded OR of 1.12 (Cho
et al. 2005).

The 5-HTTLPR shiort allele has also been associated with a number of phenotypes
that are indirectly related 1o mood disorders. It has been suggested that the short allcle
is a nisk factor for suicide (Bondy et al. 2000; Courtet ct al. 2001; Baca-Garcia ct al.
2002; Joiner et al. 2002; Bayle et al. 2003) although again the majority of studies
return negative results (for example Geijer et al. 2000; Ho et al. 2000; Courtet et al.

2003; Pooley et al. 2003).

The other notable polymorphism is a variable number tandem repeat (VNTR) in the
second intron ol the SERT gene which gives rise to three alleles denoted STin2.9 (9
repeats), STin2.10 (10 repeats) and STin2.12 (12 repeats). This VNTR appears 1o be
in moderate linkage disequilibrium with the 5S-HTTLPR variant: D’ is estimated to be
approximately 0.5 (Fan and Sklar, 2005). Evidence exists that this VNTR acts as a
transcriptional regulator with the 12 repeat allele transcribed more efficiently than the

shorter variants (MacKenzie and Quinn 1999; Fiskerstrand et al. 1999).

Ogilvie et al. (19906) first reported an association between the STin2.9 allcle and major
depression in a small sample of 39 unipolar patients and 193 controls. A slew of

publications have since [ollowed in bipolar populations. Most of these studies have
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not achieved statistical significance (Battersby et al. 1996; Bellivier et al. 1998; Liu et
al. 1999) although there have been some notable cxceptions. Collier et al. (1996)
found an association belween the 12 repeat allele and bipolar illness in a substantial
sample of 380 cases and 374 controls. This (inding was replicated in smaller samples
of participants (Rees et al. 1997; Heiden et al. 2000). In the Japanese population,
Kunugi ct al. (1997) reported an excess of the STin2.12 allcle in a sample of 284

bipolar patients compared to a group ol 424 controls.

An carly meta-analysis using data {rom studies of Caucasian subjects failed to reveal
any statistically significant association between the VNTR polymorphism and
affective disorders (Furlong et al. 1998) but this is contradicted by more recent data.
Anguelova ct al. (2003) carried out a meta-analysis on different types of affective
disorders, reporting a non-significant odds ratio (OR) of 1.03 in unipolar depression,
but a significant association between the 12 repeat allele and BPD, with an OR of
1.18. Cho ct al. (2005) meta-analysed 10 studies comprising 1764 cases and 2703
controls and again concluded that the STin2.12 allele increases the risk of devcloping
BPD (OR = 1.12). Of additional interest is a meta-analytical study ofl schizophrenia
pooling 2177 cases and 2369 controls, and (inding a significant relationship between

the STin2.12 allele and the disorder, with an OR of 1.24 (Fan and Sklar 2005).

Once of the possible factors leading to the contradictory pattern of f{indings in the
literature is the mediating role of environmental adversity. Recent studics have
demonstrated that the 5-HTTLPR variant interacts with life stress (Caspi ct al. 2003)
and childhood maltreatment (Kaulman et al. 2004) to influence susceptibility to
depressive symptomatology later in lile. These findings will be discussed in more

detail in Chapter 5.

Catechol-O-Methyl-Trunsferase (COMT).

An evolutionary recent functional single nucleotide (SNP) polymorphism of the
COMT gene (Vall58Met) located on chromosome 22gl11 that results in the
substitution of valine with methionine at codon 158 of the protein sequence has been

described. The methionine (met) allele produces an enzyme that is unstable at body
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temperature and has only a quarter the activity of the valine (val) containing

polypeptide (Egan ct al. 2001).

The COMT gene is a strong candidate for involvement in schizophrenia. At least four
studies have demonstrated an association between schizophrenia and SNP haplotypes
in and around the gene (Shifman et al. 2002; Chen et al. 2004; Saunders et al. 2004;
Handoko et al. 2004) although Craddock et al. (2005) are sceptical that the COMT
gene itself exerts an effect because of a weaker association between the functional

Vall58Met variant and the disorder.

Association studies of the Vall58Met polymorphism and BPD have generally been
disappointing with negative results predominating (Gutierrez et al. 1997, Kunugi et al.
1997; Lachman et al. 1997; Cusin 2002). Li et al. (1997) reported an association
between the low activity met allele/genotype and BPD in a small sample of 93
Chinese patients and 98 controls and the same allele was implicated in unipolar
depression in a Japanese cohort (Ohara et al. 1998). Most studies that have returned
significant results, however, have made use of specific bipolar or unipolar

phenotypes.

Kirov ¢t al. (1998) reported that the met allele was associated with the rapid-cycling,
but not the classical form of BPD and this was confirmed by Papolos et al. (1998)
who also suggested an association with ultradian rapid cycling. On the basis of a 02-
strong sample of patients, Rotondo et al. (2002) argued that the met allele is a risk
factor for BPD without panic disorder. Finally, a recent multi-ceutre cotlaboration
suggested an association between the high activity val allele and early-onset unipolar
depression although the same relationship could not be detected in their bipolar cohort

(Massat ct al. 2005).

Shifman et al. (2004) compared allele and haplotype frequencies in 217 bipolar
patients and approximately 4000 healthy controls from the Ashkenazi Jewish
population. Although the Vall58Met variant was not associated with BPD, again both
a1wo-SNP and a three-SNP haplotypc was over-represented in the bipolar population
(OR=1.3). The implication here is that another funetional variant within or near the

COMT gene is contributing to the risk for psychiatric illness.
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Brain-Derived Neurotrophic Facior.

The BDNIT gene is located on chromosome 11p13 and is composed of 5 or more
exons, cach with its own promoter region allowing for differential mRNA splicing
(Jiang et al. 2005). A frequent, non-conservative single nucleotide polymorphism in
the gene, producing a valine (va/) to methionine (met) amino-acid substitution at
codon 66 (valobmet) of the pro-BDNF sequence, was shown by Egan et al. (2003) to
affect the activity-dependent secretion of BDNF. Depolarisation-dependent secretion
ol BDNIF 1s impaired by the met allele. The met~-BDNF may not be correctly
translerred from the Golgi apparatus to its appropriate secretory granules despite the

fact that mature protein [unction is unaltered by the polymorphism (Egan et al. 2003).

Sklar et al. (2002) and Neves-Pereira et al. (2002) reported excess transmission ol the
val allele to patients in family based analyses of BPD. In the latter study, a total of
283 triads consisting of alfected probands and their parents yielded a highly
significant result with the use of the transmission disequilibrium test (TDT). A smaller
sample of 53 trios in which the probands were child and adolescent bipolar cases

supported the notion of preferential transmission of the val allele (Geller et al. 2004).

Neves-Perriera et al. (2005) conducted a case-control association study with 321
schizophrenics, 263 patients with BPD and 350 controls. The val allele was over-
represented in the schizophrenia cohort and there was a non-significant trend towards
over-representation of this allele in the bipolar cohort (Neves-Pereira et al. 2005). An
even larger casc-control study has lent credence to these findings. LohofT et al. (2005)
genotyped 621 patients with BPD [ and 998 controls. The val allele was once more
found to be significantly increased in bipolar patients with an OR of 1.22 (Lohoff ct

al. 2005).

Again the picture is clouded by contradictory results. A multi-centre study in a large
Japanese population of 519 patients with BPD and 588 controls lailed to detect any
relationship between the Valo6Met variant and BPD (Kunugi et al. 2004). Negative
results have also been obtained by other groups (Hong et al. 2003; Nakata et al. 2003;
Oswald et al. 2004; Skibinska et al. 2004), although Nakata ct al. (2003) and Oswald
ct al. (2004) did not type the Val66Met polymorphism. Furthermore Tsai et al. (2003)
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fatled to detect a significant relationship between the Val66Met polymorphism and

unipolar depression or response to fluoxetine treatment in these patients.

The Dopamine 4 Receptor (DRDA4).

The dopamine four receptor gene (DRD4), one ol the most variable yet studied, is
stituated on chromosome 11p15.5 (Ding et al. 2002). The D4 receptor is a G-protcin
coupled receptlor belonging to the D2 family of receptors, which exert an inhibitory
ellect on the adenylate cyclase-mediated secondary messenger pathway (Kandel

2000).

A 48bp VNTR polymorphism in the third exon of the gene has been the main [ocus of
attention. Between 2 and 11 repeated elements have been reported in the literature,
although the two predominant alleles in Caucasians consist of four (4R) and seven
repeats (7R), respectively (Ding et al. 2002). The polyrmorphic repeated segment
codes for amino-acids in the third intracellular loop of the receptlor, a region that
couples to G proteins and therefore mediates intracellular signalling (Asghari et al.
1995). The strategic position of the polymorphism suggests that the DRD4 receptor
variants differ in function. Asghari et al. (1995) found differences in cyclic adenosine
monophosphate (cAMP) inhibition between the 4R and 7R alleles, as well as between
a 2R and 4R combined group, and the 7R allele. This is congrucnt with the data of
Ding et al. (2002) who argue that the evolution of the 7R polymorphism required six
scparate steps, and therefore originated relatively recently as a rare mutational event,
and increased in frequency because of positive selection. Another group reported that
the 2R allcle displays suboptimal binding to (and thercfore inhibition of) adenylyl
cyclase thereby influencing secondary messenger mediated signal transduction (Watts

et al. 1999).

Studies testing for an association between alleles ol the 48bp VNTR polymorphism
and BPD are largely negative (Lim et al. 1994; Perez de Castro et al. 1994). Three
family-based analyses of the DRD4 VNTR and BPD have also been published.
Bocchetla et al. (1999) reported non-significant results. While Serretti et al (2002)
[ound cvidence for the preferential transmission of the 2R allele, Muglia et al. (2002)

observed a parent of origin effect in their sample of 145 nuclear families. The 4R
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allele of maternal but not paternal origin was preferentially transmitted to bipolar
individuals, while the 2R allele was under-transmitted to affected offspring. The
authors speculate that the DRD4 gene may be imprinted in humans because of its

location close to a cluster ol mmprinted genes on the telomeric region of the

chromosome,

Lopez-Leon et al. (2005) performed a meta-analysis of association (but not family-
based) studies investigating the relationship between DRD4 VNTR alleles and
unipolar and BPD. The authors pooled data from 917 patients and 1164 controls and
detected a significant association between the 2R allele and unipolar depression
(OR=1.73) and the combined unipolar and bipolar groups (OR=1.41). The bipolar
data analysed scparately did not produce a statistically significant result (OR=1.26)
(Lopez-Leon et al. 2005). These data contradict Muglia et al.’s, (2002) assertion that

the 2R allele appears to exert a protective effect.

Some of the contradictory findings in the literature may be explained by the presence
of another functional variant in the DRD4 gene. A 120 bp tandem duplication first
identified by Seaman et al. (1999) and located 1.2 Kb upstream from the transcription
initiation codon of the gene, was [ound by D’Souza et al. (2004) o exert a functional
effect on gene expression. The tandem duplication polymorphism contains consensts
sequence binding sites for several transcription factors, perhaps explaining why the
longer allele is under-expressed relative to the shorter allele (D’ Souza et al. 2004).
The long allele has been associated with schizophrenia (Xing et al. 2003) and a
linkage study implicated the tandem duplication in Attention Deficit Hyperactivity

Disorder (ADHD) (McCracken et al. 2000).

Monoamine Oxiduse A (MAO-A).

The MAO-A gene, located on Xpll codes for a mitochondrial enzyme that degrades
noradrenaline, serotonin and dopamine. Sabol et al. (1998) identificd a functional 30
bp VNTR in the promoter region of the AMAO-A gene which is present in 2, 3, 3.5, 4 or
5 copies. The longer 3.5 and 4 repeat alleles appear to display greater enzymatic

activity than the shorter 2 and 3 repeat alleles (Sabol et al. 1998). However, while
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Sabol et al. (1998) suggested that the 5 repeat allele also exhibits low transcriptional

activity, Deckert et al. (1999) reported that the 5 repeat allele is a high activity variant.

Lim ct al. (1995) detected an association between three different MAO-A variants,
including the promoter VNTR, and BPD. There appears to have been a gender-
specific relationship with the effect stronger in females than males. The follow-up
batch of replication studies showed the predictable pattern of inconsistency. Kawada
et al. (1995) and Rubinsztein et al. (1996) replicated the results of Lim et al. (1995)
for one of these variants; a CA repeat polymorphism, but Craddock et al. (1995) and

Nothen et al. (1995) returned negative results, the latter using a family-based design.

Recently published studies have been equally inconclusive. Furlong ct al. (1999)
typed 106 bipolar patients and 250 controls for a variety of MAO-A variants. Neither
the aforementioned C A-repeat polymorphism nor the promoter VNTR was associated
with BPD, but when data were pooled for a meta-analysis it was found that the CA-
repeat was associated with BPD in both Japanese and Caucasian populations (Furlong
ct al. 1999). No meta-analysis was undertaken for the VNTR polymorphism. Another
study that madc use of 272 bipolar patients and 122 controls detected a relationship
between the CA-repeat variant and BPD although the replication was only partial
because a diflerent allele to previous studies was associated with psychiatric illness
(Preisig ct al. 2000). No association was reported for the promoter VNTR (Preisig et
al. 2000).

Schulze et al. (2000) found an excess of the long (high activity) VNTR alleles in
female patients with recurrent major depression, a gender-specific association that is
congruent with Deckert et al.’s (1999) report that long alleles are over-represented n
female panic disorder patients. On the other hand, male but not female patients with
schizophrenia may be more likely to carry the shorter, less efficiently transcribed

alleles (Jonsson et al. 2003).

(72/G30.

G72 and G30 are two genes that overlap on the complementary strands of

chromosome 13¢32-33. In a family-based analysis, Hattori et al. (2003) found that a
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haplotype consisting of 5-6 SNPs was over-transmitted to bipolar patients in two
independent pedigrees. A haplotype of seven SNPs was also found by Schumacher et
al. (2004) to be significantly associated with BPD in a sample of 299 patients and 300
controls. A smaller case-control sample of 139 cases and 113 controls again suggestced
a relationship between G72/G30 and BPD although different SNPs were associated

with the illness than in the Hattori et al. (2003) study.

The Dopamine 2 Receptor (DRD2).

The DRD2 gene is about 270kb long and contains 8 exons. A commonly studied SNP,
TaqglA, is located in the 37 untranslated region of the gene (Noble et al. 2000). The
lunctional status of the Taql A variant is not entirely clear but some preliminary
cvidence indicated that Al allele was associated with reduced density of DRD2
receptors in the striatum (Pohjalainen et al. 1998). More recently, Duan et al. (2003)
found that a synonymous SNP (C957T) affects mRNA stability and therefore receptor
expression, and this was confirmed in vivo by Hirvonen et al. (2004). The C957T
variant was found to be in linkage disequilibrium with the Taql A variant in a

Caucasian, but not an African-American sample (Duan et al. 2003).

An carly study with a small sample of subjects of German origin {ailed to detect any
relationship between the Tagql A variant and BPD (Nothen et al. 1992). Similar
negative results were published by Savoye et al. (1998) using the Taql A variant and
other groups who genotyped a varicty of polymorphisms in the DRD2 gene (Manki ct
al. 1996; Stober et al. 1998; Heiden ct al. 2000). L1 et al. (1999) observed a significant
increase in the Al allele of the Taql A variant in a Chinese sample of bipolar patients;
lliowever the result could not be replicated in a separate group of Caucasians,
indicating that the former result was a false positive or that genetic heterogeneity is

present.

The one exception to this pattern was a multi-centre association study making use ol
358 individuals with BPD and 358 controls which reported an association between an
allele of a microsatellite marker in the second intron of the gene and the presence of

afTective illness (Massat ct al. 2002).



The Dopamine Transporter (DAT).

The dopamine transporter gene, located on chromosome 5p15.3 mediates the reuptake
of dopamine into neurones. A 40bp VNTR in the 3’ untranslated region (UTR) of the
gene has differential enhancer activity with the 10 repeat allele resulting in greater
gene expression than the 9 repeat allele (Mill et al. 2002). Variants of the DAT have
generally been associated with susceptibility to psychiatric conditions like post-
traumaiic stress disorder (PTSD) (Segman et al. 2002) and ADHD (Cornish et al.
2005) rather than BPD (Gomez-Casero et al. 1996; Bocchetta et al. 1999; Georgicva

et al. 2002). Nevertheless some exceptions do exist.

Kelsoe et al. (1996) reported linkage to a locus in the region of the DAT gene on
chromosome 5p15. The same group carried out a linkage disequilibrium analysis with
a haplotype comprised of five SNPs spanning the gene and found a significant
association between the haplotype and BPD (Greenwood ct al. 2001). More recently,
Horschitz et al. (2005) discovered a rare missense mutation in the DAT gene in two
patients with BPD that was not found in any of their control sample. The mutation in
question prevents the DATT protein [rom being transported to the cell surface despite

the fact that it is transcribed and translated (Horschitz et al. 2005).

Notchd.

The Notch4 gene, located on 6p21.31 1s made up ol 30 exons distributed over a length
ol 28 kb. The gene is involved in neuronal development including stem-cell
differentiation, the timing of apoptosis, the outgrowth of neurons and dendrites, and
the maintenance of their synaptic connections (Wassink ¢t al. 2003). Investigation of
the Notch4 gene began auspiciously with a publication in Nature Genetics reporting
an association with schizophrenia. Wer and Hemmings (2000) observed excess
transmission of particular Notch4 alleles from heterozygous parents to schizophrenic
offspring. Replication attempts have been particularly disappointing with at least threc
well controlled studics failing to confirm the original findings (Sklar et al. 2001;
McGinnis et al. 2001; Ujike et al. 2001). The author’s interest in the gene was piqued
however, by the report of Wassink et al. (2003) who found an association between the

OR allele of an exonic CTG polymorphism and perfornmance on the Wisconsin Card
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Sorting Test (WCST) as well as frontal grey-matter volume in a sample of

schizophrenic patients and controls.

Apol.

The Apolipoprotein E (ApoFE), gene which is found on chromosome 19¢q13.2 and
codes for a glycoprotein that is involved in the transport of cholesterol and lipids, is
the major risk factor for the later-onsct, sporadic form of the Alzheimer’s disease
(AD) (Saunders et al. 1993). Two single nucleotide polymorphisms in close proximity
to cach other result in three different alleles: £2 (cysteine at both positions), &3
(cysteine at position 112 and arginine at position 158), and ¢4 (arginine at both
positions) (Pricc et al. 1998). Individuals homozygous for the £4 allele are 14 times
more likely to develop AD, and €4 heterozygotes have a 3-fold increased risk over

non-carriers of being diagnosed with the disorder (Farrer et al.1997).

Krishnan et al. (1996) reported an increased presence of the Apols ¢4 allele in late-
onset comparcd to early-onset patients with major depression while Zubenko et al.
(1996) postulated an association between lhe presence of the €4 allele and the
development of psychotic features in elderly patients with unipolar depression. Both
these results may however, in the author’s opinion reflect the effects of incipient

dementia.

Nevertheless, based on their finding of higher APOE levels in the caudate and
putamen of post-mortem BPD subjects, Dcan ct al. (2005) argue that the APOL gene
plays an aetiological role in the pathophysiology of BPD. In addition, an intriguing
relationship between dementia and unipolar and bipolar depression has been detailed
(Kessing and Nilsson 2003). The authors examined a cohort ol close to 14 000 people
hospitalised with a mood disorder, 81 380 patients with osteoarthritis and 69 149
patients with diabetes. The risk of receiving a diagnosis of dementia on subscquent
readmission was clevated in the affective disorder group compared to the two control

groups (Kessing and Nilsson 2003).



2.3. Isolated Populations.

How can one ameliorate the contradictory pattern of findings that pervades the bipolar
genetics literature? One way of addressing the problem of genetic heterogeneity is to
conduct genetic studies on isolated population groups, a methodological approach
pioneered by Leena Peltonen in the Finnish population. Finns are descended (rom a
small founder population which immigrated to the area about 2000 ycars ago before
increasing in size to today’s estimate of more than five million (Peltonen et al. 1999).
The limited genetic variation associated with this founding population coupled with
their vulnerability to genetic drift resulted in extensive linkage disequilibrium (LD)
and unusually high locus and allelic homogeneity, facilitating the identification of 32

different diseasc gences (Peltonen 1999).

The Afrikaner population of South Africa is also an attractive target for molecular
genctic work. A small founder population of 1000-2000 Dutch settlers arrived at the
Cape of Good Hope in 1652 to sct up a rcfuelling station. The population expanded
largely through natural growth although a trickle of immigrants, mostly [rom the
Netherlands and Germany arrived over the first few decades (Giliomee 2004). There
was also a degree of inter-breeding with the indigenous population. In fact, according
to some estimates seven percent of Afrikaner [amilies have a non-Europcan

progenitress (Giliomee 2004).

When the British occupied the Cape in 1806 a proportion of the population refused to
acquiesce to their rule and trekked into the interior of country forming Boer republics
in the Transvaal and Orange Free State (Brink 1988). The discovery of gold and
diamonds in these areas precipitated continued conflict with the British, culminating
in the Anglo-Boer war at the turn of the 20" Century (Brink 1988). The duel British
and black African threat to the independence of the Afrikaner, together with a strong
cultural identity forged by instruments such as the Dutch Reformed Church, has lent
itself to 13-15 generations of largely natural population growth with minimal external
contributions to the gene pool beyond the first [ew gencrations (Brink 1988; Abecasis

et al. 2004).
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Like other population isolates, a founder effect in the Afrikancr population coupled
with genetic drift has resulted in high frequencies of rare mendelian disorders such as
varicgate porphyria, pseudoxanthoma elasticum, hypercholesterolacmia, and
Huntington’s chorea (Botha and Beighton 1983; Jenkins 1990; Torrington and Viljoen
1991), with the extent of conserved haplotypes surrounding these discasc genes
estimated to be between 8 and 11 ¢cM (Groenewald ct al. 1998). Gordon et al. (2000)
investigated the extent of background LD in the Afrikaner population and found LD
between markers up to 5.5 ¢cM apart. A more detailed follow-up study by the same
group replicated the finding of significant LD in the 3-6 ¢M range and suggested that
the Afrikaner population displays a greater degree of LD than both outbred and other

[ounder populations such as the Finns (Hall et al. 2002).

The extent of the conserved haplotypes around disease loci is important for both
linkage and association studies which benelit from higher levels of LD. The greater
the extent of LD in a population, the greater the probability that an allele of a
randomly selected marker will be associated with the hypothetical disease locus. The
same reasoning can be applied to linkage analysis: the larger the conserved
chromosomal block surrounding a disecase locus, the greater the probability that a
randomly selected marker will be part of that block and therefore inherited IBD [rom

the common affected ancestor (Hall et al. 2002).

Perhaps the most advantageous aspect of isolated populations is that they have
reduced genetic diversity because of past population bottle-necks. This suggests that
disease susceptibility loci have originated from a small number of individuals
reducing the genetic complexity and heterogeneity that tends to undermine genctic
investigations (Peltonen et al. 1999). In other words, any two affected individuals
selected at random are reasonably likely to have received the same disease-

predisposing allele identical by descent [rom a common ancestor.

Another often overlooked advantage of studying population isolates is the potentially
greater homogeneity in environmental background which may result in increased
phenotypic  homogeneity (Arcos-Burgos and Muenke 2002). The effects of
environment are difficult to quantify but it is highly unlikely that genetic variants that

predispose to complex disorders operate independently of environmental influence.
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2.4 Rationale.

Given its small founding population and relative reproductive isolation, the Afrikaner
population 1s an attractive target for genetic research. The circumscribed gene pool
associaled with the small founding population should theoretically reduce the problem
of genelic heterogeneity. In other words, different Afrikaner families arc possibly
more likely to share genctic variants that induce susceptibility to BPD than families of
a typical outbred population. The greater extent of LD in the Afrikaner population
also facilitates genetic work by increasing the power of linkage and association {ests.
The analysis of Alfrikaner ancestry families therefore constitutes one pillar of this
thesis. As will be discussed below, a linkage analysis using markers in regions
previously implicated in BPD, and an association analysis using polymorphisms of

various candidate genes was conducted.

2.5. Methodology.

2.5.1 Subjects.

The UCT Division of Human Genetics neuropsychiatric genetics research project
commenced in 1997, with the recruitment of South African families with BPD. Over a
period of four years a number of clinically-trained psychiatric nurses undertook
several visits to disparate regions of the country to interview prospective participants.
[Families who met the criteria for inclusion in the study consisted of a BPD 1 index
proband and usually at least one first-degree relative with a BPD I or BPD 1I
diagnosis. The mean number of BPD paticnts per family was 2.0. Both Caucasian and
Mixed-Ancestry individuals were recruited. The former group included families of
mostly Afrikaner and British origin with a small number of Ashkenazi Jewish
pedigrees. The South African Mixed-Ancestry population is believed to have San,

Khoi-Khoi, Madagascan, Javan and Western European ancestry (Cupido ct al. 2005).

Probands and their relatives were interviewed with the Structured Clinical Interview

for DSM-IV Axis | Disorders (SCID) (First et al. 1998). Following the interview, a
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psychiatrist made a diagnosis for each subject on the basis of the SCID interview as
well as all available family and medical records. [ndividuals who were acutely
depressed or manic were interviewed once they were stable. No children under the
age of 16 were interviewed unless they had already been diagnosed with BPD by a
psychiatrist. ~ All subjects signed the UCT Research Ethics Committee-approved
(081/96 and 195/2000) consent forms. In addition, 20 ml of blood was obtained from
cach participant for DNA extraction and storage in the molecular genetics laboratory

of the Division o Human Genetics.

For reasons that will be discussed in Chapters 4, only Caucasian families werc
included in both the linkage and association analyses. The Caucasian sample was
divided approximately evenly between individuals of British and Afrikaner origin. A
detailed breakdown ofl the ethnic origins and demographic characteristics of the

sample is provided in Tables 2.2 and 2.3, below.

Table 2.2. Ethnic Origin of Families.

Origin. Number of | Total Minimum Maximum Average

Pedigrees Sample Pedigree Size. | Pedigree Size. | Pedigree
Size Size.

Alrikaner 17 190 | 77 11.18

British 22 132 | 25 6

Other 8 28 1 8 3.02

Caucasian

Total. 47 350 | 77 7.21

Table 2.3. Demographic Characteristics of the UCT Sample.

Origin. Average Age. | Average Education Level (Years). | Gender (% Male).
Afrikaner 47.39 15.12 44.7
British 49.05 14.1 47.7
Other Caucasian | 51.14 13.6 47.8
Total. 50.48 14.66 45.8
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The most common psychiatric diagnosis in the sample was major depression. As is

the trend internationally a distinction was made between individuals who met DSM-

IV criteria for a major depressive episode on onec occasion (MDE S), and participants

who had a history of two or more episodes of depression (MDE-R). Approximately

equal numbers of individuals were diagnosed with BPD [ and MDE-R (see Table 2.4),

and about 30% of the sample were unaffected. Other less common diagnoses included

BPD not otherwise specified (BP NOS), ADHD, alcoholism, borderline personality

disorder, delusional disorder, schizophrenia, and obsessive compulsive disorder.

Table 2.4. Diagnostic Characteristics of Samplc.

Ethnic Total BPD1 | BPD | MDE MDE S | Unaffected | Other
Origin. Sample Il R Diagnosis.
Size
Afrikaner | 190 25 17 42 27 60 (31.6%) | 19 (10%)
(13.2%) | (8.9%) | (22.1%) | (14.2%)
British 132 29 11 19 21 38 (28.8%) | 14
(22%) | (8.3%) | (14.4%) | (15.9%) (10.6%)
Other 28 9 0 6 4 0(21.4%) | 3(10.7%)
C'aucasian (32.1%) (21.4%) | (14.3%)
Total. 350 64 28 67 52 103 36
(18.3%) | (8%) | (19.1%) | (14.9%) | (29.4%) (10.3%;

2.5.2 Genotyping.

Blood (5-20ml) was collected from participants in EDTA-containing plastic tubes

labelled with the patients’ particulars. The blood samples and the consent form for the

study was stored in the molecular genetics laboratory of the Division of Human

Genetics at UCT, the former at -20°C. Relevant information was uploaded onto a

Microsolt Access database. The Genomix extraction kit (7alent, Italy) was used to

extract DNA from the lymphocyte cells, and working dilutions of 200ng/ul were madc

from the stock solutions.
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For the linkage analysis, dinucleotide and tetranucleotide repeal microsatellite
markers were selected from the literature and the National Center for Biotechnology

Information (www.ncbi.nlm.nih.gov). Marker heterozygosity ranged from 0.60 to

0.96 with a mean of 0.85. The average inter-distance on each chromosome was 3¢cM.
Primers sequences were obtained from the literature or designed online at

http://www.idtdna.com/analyzer/Applications/Oligo Analyzer/Delault.aspx

Standard polymerase chain reaction (PCR) methods were used for multiplex DNA
amplification: 200ng DNA; 10pmol of cach primer (purchased from the Synthetic
DNA Laboratory at UCT) labelled with HEX or FAM dye; reaction buffer containing
10mM Tris-HCI (pH=8.3) and 50mM KCI; 1.5SmM MgCl2; 200uM dNTP (Invitrogen,
UK), and 0.25-0.5 units of tag DNA polymecrase (Biotaq: Bioline, UK). A list of the
primer scquences used for each marker can be found in Appendix C (Table C.1).
Amplifications were carried out on a DNA Thermal Cycler (Perkin Elmer, USA). A
30 cycle touch-down program was used with a denaturation step of 94°C for 15
seconds, an annealing temperature ranging from 58-53°C for 15 seconds, and a 30

sccond-long amplification step at 72°C.

Samples were scored on the Applied Biosystems (ABI) 3100 sequencer (Perkin
Elmer) using either the GeneScan or the GeneMapper software programs. The
accuracy ol the genotyping was checked using the SimWalk2 (2.91) (Sobel and Lange
1996) and PedCheck packages (O’Connell and Weeks 1998) which identify non-
mendelian inheritance patterns in pedigrees. Problematic samples were checked and if

necessary re-genotyped, and where mendelian inconsistencies could not be resolved,

excluded front the analysis.

Regarding the association analysis, candidate genes were selected on the basis of
published studies. Given time and resource constraints, where possible known
functional polymorphisms were seclected in order to circumvent the need for
genotyping large numbers of SNP’s in each of these genes. Primer sequences wcre
largely obtained from the literature although where PCR problems werc encountered
primers were redesigned using the Integrated DNA Technologies primer program:

hitp://www.ididna.com/analyzer/Applications/OligoAnalyzer/Delaull.aspx
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Agam, standard PCR methods were used. Primer sequences and annealing
temperatures for the different PCR reactions are listed in Appendix C (Table C.2).
Amplilications were carried out on a DNA Thermal Cycler (Perkin Elmer, USA). A
30 cycle program was used with a denaturation step of 94°C for 30 seconds, an
annealing temperature ranging [rom 67-54.5°C for 30 seconds depending on the

variant being genotyped, and a 30 second-long amplification step at 72°C.

VNTR and insertion/deletion polymorphisms were scored on the Applied Biosystems
(AB] PRISM) 3100 sequencer (Hitachi, Japan) using the Applied Biosystem’s
GeneScan computer program. SNPs were typed using restriction enzyme digests and
resolved on either 2% agarose or 6% polyacrylamide gels. More details are available

in Appendix C (Table C.3).

2.5.3. Procedure and Data Analysis.

In order to test for linkage to BPD in the South African cohort, 25 highly polymorphic
markers found in regions previously associated with BPD were typed by the author
(sec Figures 2.1-2.9, above, and Table C.1 in Appendix C). The original plan was to
type 27 markers (3 per region of interest on 9 chromosomes), but two ol the markers

did not genotype well, and were left out of the [inal analysis.

A decision was made to concentrate on non-parametric linkage methods as these
modcl-[ree approaches do not require the specification of parameters such as mode of
inheritance, gene frequency and penetrance which are unknown in complex disorders
such as manic depression. When these parameters are incorrectly specified the
accuracy of the analysis may be adversely affected and thus non-parametric methods

are likely to be more robust than parametric approaches (Thomas 2004).

Nonetheless, the large size of some of the pedigrees rendered them refractory to
certain types of non-parametric analyses. This led to adoption of two strategics: firstly
to break down the large pedigrees into smaller families, and secondly to leave the

larger pedigrees intact and make use of different linkage algorithms.



60

The Multipoint Engine for Rapid Likelihood Inference (Merlin) (Abecasis et al.
2002), which implements a statistical method derived from the Lander-Green
algorithm, was run on the sample afier splitting up the large pedigrees into smaller
anits. The Lander-Green algorithm computes all possible patterns of gene-flow
(inheritance vectors) within a pedigree and calculates linkage statistics for the
pedigree conditional on cach alternative gene-flow pattern (Abecasis et al. 2002).
While computational resources only increasc lincarly with the number of markers, the
algorithm becomes problematic in large families because the complexity of the
calculation increases exponentially with the number of inheritance vectors (Abecasis
ct al. 2002). Abecasis et al. (2002) reasoned thal since many ol the inheritance vectors
contain redundant information, they can be combined together producing a sparse

gene-flow tree which allows for more efficient analysis of larger pedigree sets.

Merlin uses these sparse gene {low trees to test for allele sharing among affected
pedigree members, producing NPL All and NPL Pair scores. The latter score reflects
the degree to which all the distinct affected relative pairs in the pedigree share alleles
IBD. When considering larger groups of alfected individuals, the NPL All score
places more weight on those relatives who share alleles IBD. Despite these
improvements to the original incarnation of the Lander-Green algorithm, large
pedigrees (approximately 20 or more individuals) still pose problems for the Merlin
calculation and hence the need for Monte Carlo chain modelling in the guise of

SimWalk2.

SimWalk2 (version 2.91) (Sobel and Lange 1996; Sobel et al. 2001) is able to cope
with the analysis of very large pedigrees (>200 individuals) and numbers of markers
(-30) because computational time scales in a lincar fashion with both pedigree size
and markers typed. In addition, missing genotyping data has only a mildly detrimental
effect on the computational resources required to provide a solution (Sobel and Lange
1996). The program measures the degree to which marker alleles descended from
founders (family members whose parents have not been genotyped) aggregale in
affected relatives. The program relies on the Markov chain Monte Carlo (MCMC(') and
simulated annealing algorithms to provide estimated NPL Pair and NPL All scores.

The NPL Pair statistic corresponds to the sum ol conditional kinship coeflicients for
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all affected relative pairs whereas the NPL All statistic is a measure of whether certain

lounder alleles arc over-represented in affected individuals (Sobel et al. 2001).

The second strategy was to therefore carry out a non-parametric linkage analysis
using a combination of the Merlin and StmWalk2 packages. This option (# 24) is
available on the Mega2 (Manipulation Engine for Genetic Analysis) (Mukhopadhyay
et al. 1999) conversion program which produces a script allowing for the dual analysis
ol pedigrees with both the Merlin and SimWalk2 algorithms. The Merlin algorithm is
run on the smaller pedigrees producing exact NPL score calculations and the
SimWalk2 algorithm is used on the large familics producing NPL score cstimations.

These computations are then sunimed together to produce an overall NPL score.

For both the Merlin and Merlin-SimWalk2 analyses a relatively broad alfection status
model was used. Individuals with a diagnosis of schizophrenia, BPD 1, BPD 11,
cyclothymia and MDE-R were considered to be affected. Participants with all other
diagnoses were labelled as unknown. As mentioned above family studies show a
significant overlap between UPD and BPD illness. Similarly, the risk of developing
BPD is doubled in schizophrenic probands compared to the general population
(Kendler and Gardner 1997). Moerover, Cardno et al. (2002) found a significant
correlation (r=0.68) in genetic liability between individuals with manic and

schizophrenic syndromes.

The author also genotyped the cohort for 11 different variants of specific genes
implicated in BPD (see Table C.2, Appendix C) and conducted an association analysis
with these genes using the QTDT (Quantitative Transmission Disequilibrium Tests)
program (Abccasis ct al. 2000). The original transmission disequilibrium test (TDT)
(Spiclman et al. 1993) is based on the assumption that a parent heterozygous for a
disease susceptibility allele should pass on the susceptibility allele to the affected
child more often than one would expect by chance (50%). Here the allele that is not
transmitted acts as the “control” that enables the detection of the distorted transfer of
alleles in triads. Curtis (1997) then extended this method to discordant sibling pairs
allowing for the extraction of information from cases whose parents were not

available.
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The weakness of these original TD'T tests is that information from parents and siblings
1s alone used to define allelic transmission causing a great deal of information that is
present in extended pedigrees to be lost, with a concomitant reduction in statistical
power (Abecasis et al. 2000a). Abecasis et al. (2000a) and Abecasis et al. (2000b)
generalised these TDT tests to include all available ancestors in the analysis by using
cach typed family member to construct an expected genotype for each non-founder
and calculate the degree of deviation from this genotype (Abecasis et al. 2000b). The
QTDT program thus not only provides a fast, elficient way of detecting association in
extended pedigrees, but is immune to the confounding influence of population

stratification and admixture.
Once again a broad model which defined people with schizophrenia, BPD 1, BPD 11,

cyclothymia, and MDE-R as affected was used. Ethnicity, gender, and age were

entered into the model as covariates.

2.6. Results.

2.0.1. Linkage Analysis.

The NPL scores and p-values obtained in the various statistical analyses are presented
in Tables 2.5-2.11, below. NPL scores of 1.5 and Z scores of 2 or above are shown in
holdlace. Probability values of less than 0.05 are indicated by * and p-values ol less

than 0.01 are indicated by **.
The combined Merlin-SimWalk2 analysis returned significant (p<0.05) NPL scores of
1.82, 1.50 and 1.34 for the three chromosome 132 markers. Statistically significant

findings were also obtained for the markers D16S3024 (NPL=1.47, p<0.05),

markers showed any evidence for linkage to BPD (see Table 2.5).



Table 2.5. Results of Combined Merlin-Simwalk Analyses - All Pedigrees.
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Marker NPL-Pair p-value
DI1S1660 1.82 0.0151*
' D1S2655 1.50 0.0319%

DISI678 1.34 0.0454*

D252321 0.45 0.3534

D252208 0.25 0.5648

45394 0.35 0.4412

D4S983 0.12 0.7665

D4S1582 0.19 0.6442

D10S1753 0.33 0.4754
D10S564 0.30 0.5044

D10S1171 0.58 0.2619

D12S86 0.50 0.3135

D12S1612 0.57 0.2682

D13S1298 0.29 0.5151

DI13S1271 1.20 0.0630
DI3S1284 0.51 0.3079
DI5S122 0.52 0.3012
D15S1002 0.53 0.2755
| D1551048 0.13 0.7468

D16853024 1.47 0.0339*

D1683027 1.84 0.0144*

D16853088 1.37 0.0430*

D225421 0.04 0.9106

D228315 0.10 0.8029

D22S1164 0.04 09124

The large pedigrees were then fractionated into independent units and a non-

parametric affected pedigree member analysis run on the sample with the program

Merlin. Again significant evidence for linkage to chromosome 1 was present with

NPL All scores of 2.52 (p<<0.01), 0.69 (p<0.05) and 1.52 (p<0.01) obtained for the
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chromosome 1 markers. In contrast to the Merlin-SimWalk2 analysis which did not
detect any indication for linkage to chromosome 10, 2 out of the 3 typed markers on
10g23 yielded weak evidence for linkage to the disease phenotype. NPL scores of
[.15 and 0.77 (p<0.05) were obtained for the markers D10S54 and D10ST1171. At
D12886 an NPL score of 1.18 (p<0.01) was present but D12S1612 was not linked to
the disorder. A highly significant NPL All score of 2.17 (P<0.01) at the marker
D13S1271 was not echoed by the neighbouring markers D13S1284 and D1351298
which returned non-significant NPL scores. Only one marker on chromosome 16,
D16S3024 was weakly significant with an NPL All score of 0.60 (p<0.05). Detailed

results can be found in Table 2.6.



Table 2.6. Results ol Single-Point Merlin Analysis — All Families.
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Marker ZMean | p-value | LOD | p-value | ZMean | p-value | LOD | p-value
Pair Pair All All
D1S1660 | 2.99 0.0014%* | 2.14 | 0.0008** | 3.16 0.0008** | 2.52 | 0.0003**
DIS2655 | 1.53 0.06 0.57 | 0.05% /.40 0.08 0.69 | 0.04%
DIS1678 | 2.03 0.02* 1.72 1 0.002%* | 1.56 0.06 1.52 | 0.004%*
D2S2321 | 0.76 0.20 0.17 | 0.20 0.46 0.30 0.09 |0.30
D2S2208 | 1.17 0.12 0.41 |0.08 1.18 0.12 0.44 | 0.08
D4S394 [ 0.32 0.40 0.08 | 0.30 0.10 0.50 0.01 | 0.40
D4S2983 | 0.35 0.40 0.04 030 0.48 0.30 0.07 |0.30
D4S1582 | 0.30 0.40 0.03 | 0.40 0.84 0.20 0.24 |0.15
D10S1753 | 0.32 0.40 0.04 |0.30 0.06 0.50 0 0.50
D10S564 | 1.59 0.06 1.13 | 0.011*% [ 1.37 0.09 1.15 | 0.011*
D10S1171 | 1.78 0.04% 1.06 |0.014% | 1.38 0.08 0.77 | 0.03*
DI12S86 | 2.02 0.02* 1.19 | 0.01%* |1.80 0.04* 1.18 | 0.01%*
D12S1612 | 0.88 0.20 0.25 |0.14 0.50 0.30 0.10 | 0.20
D13S1298 | 1.39 0.08 0.45 |0.08 1.21 0.11 0.39 | 0.09
‘D13S1271 | 2.97 0.0015** | 1.93 | 0.0014** | 2.93 0.002%* | 2.17 | 0.0008%*
DI13S1284 | 0.26 0.40 0.02 | 0.40 0.15 0.40 0.0l | 0.40
D15S122 | 0.72 0.20 0.30 |0.12 0.43 0.30 0.14 |0.02
D15S1002 | 0.21 0.40 0.02 | 0.40 026 | 0.60 20.01 | 0.60
D15S1048 | -0.60 | 0.70 -0.12 [ 0.80 0.93 | 0.80 -0.06 | 0.70
D16S3024 | 1.85 0.03* 0.76 | 0.03* 1.47 0.07 0.60 | 0.05*
| D16S3027 | 1.43 0.08 0.54 | 0.06 1.10 0.14 0.43 | 0.08
D16S3088 | 0.02 0.50 0 0.50 0.34 [ 0.60 -0.02 | 0.60
D228421 | 0.95 0.20 032 |0.11 0.68 0.20 0.22 | 0.20
D228315 | 0.48 0.30 0.14 |0.20 0.07 0.50 0 0.40
D22S1164 | 0.18 0.40 0.01 |0.40 0.13 0.40 0.01 |0.40

When the pedigrees of Afrikaner origin were analysed separately the significant

evidence for linkage to chromosome 132 and 1023 seen in the entire sample was no

longer present. Two out of 3 markers on chromosome 16p13 yielded statistically
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significant NPL scores and a trend in the same direction for marker D16S3088

(p=0.077) was apparent. See Table 2.7 for more details.

Table 2.7. Results of Combined Merlin-Simwalk Analyses - Afrikaner Pedigrees.

Marker. NPL-Pair. p-value
' D1S1660 0.61 0.2433
D152655 0.89 0.1295
DISI678 0.75 0.1770

1252321 0.75 0.1793
1282208 0.24 0.57 -

D4S394 0.73 0.1880

D452983 0.37 0.4243

D4S1582 0.23 0.5935

D10S1753 h 0.08 0.8355

D10S564 0.08 0.8270

D10S1171 0.07 0.8533

D12S86 0.24 0.5647
DI2S1612 0.21 oot
' D13S1298 0.44 0.3593
DI13S1271 0.82 0.1522

D13S1284 0.35 0.4449

D15S122 0.84 0.1432
| D15S1002 0.4 0.2312

D1551048 0.32 0.4775
| D16S3024 1.39 0.0407*

D 1683027 1.50 0.0315%
' D1653088 1.11 0.0777

D228421 0.03 0.9353

D228315 0.12 0.7641

D22S1164 0.06 0.8619

The combined Merlin-SimWalk2 analysis of [amily “307, the 77-strong pedigree of

Alrikaner origin (see Appendix D) was disappointing. The only significant NPL score
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of 1.58 (p=0.0265) was obtained for the marker D16S3024 at 16p13 with a weak

trend towards significance for another nearby marker, D16S3027.

Table 2.8. Results of Combined Merlin-Simwalk Analyses: Family 30.

Marker NPL-Pair p-value
D1S1660 0.71 0.1956
152655 0.60 0.2535
DIS1678 0.45 0.3560
D2S2321 0.23 0.5957
D2S2208 0.16 0.6864
D4S394 0.65 0.2237
D4S2983 0.39 - 0.4035 n
D4S1582 0.27 0.5415
D10S1753 0.03 0.9233
D10S564 0.01 0.9745 B
DI0S1171 0.10 0.7983
D12S86 0.37 0.4274
D12S1612 0.44 0.3621
D13S1298 0.19 0.6521
DI3S1271 0.56 0.2761
' D13S1284 0.18 0.6543
D15S122 0.89 0.1283
D15S1002 0.83 0.1477
D15S1048 0.43 0.3742
D16S3024 1.58 0.0265*
01683027 - 0.94 0.1156
"D16S3088 0.71 0.1965
D22S421 0.12 0.7625
D22S315 0.46 0.3433
D22S11064 0.12 0.7625




68

The Merlin analysis of the Afrikaner ancestry pedigrees again produced relatively
different results from the Merlin-SimWalk2 calculation. Statistically signiflicant but
relatively modest NPL scores were obtained for 2 out of 3 of the markers on
chromosome 1. Tacit evidence of linkage to chromosome 2q33 was also apparent with
NPL All scores of 0.77 (p<0.05) and 0.58 (p=0.05) for the markers D2S2321 and
D282208. Markers D12S86 and D13S1271 yielded more evidence for linkage as did

two of the chromosome 16 variants (see Table 2.9).
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Table 2.9. Results of Single-Point Merlin Analysts: Afrikaner Ancestry Pedigrees.

Marker 7ZMean | p-value | LOD | p- ZMean | p-value LOD | p-
Pair Pair | value | All All value
DISI660 | 1.47 0.07 0.6/ |0.05* | 1.64 0.05% 0.72 |0.03*
DI1S2655 |0.92 0.20 022 020 ]0.70 0.20 022 |0.20
DISI6?8 | 1.71 0.04% | 1.02 |0.02% | [.42 0.08 0.96 |0.02*
D2852321 | 1.57 0.06 0.79 | 0.03* | 1.18 0.14 0.77 | 0.03* |
D282208 | 1.16 0.12 0.49 007 |1.10 0.14 0.58 | 0.05*
D4S394 | 0.40 0.30 0.12 020 [0.49 0.30 0.17 |0.20
D485983 | 1.61 0.05* | 0.85 |0.02% | 129 0.10 0.54 | 0.06
N4S1582 [ -0.06 | 0.50 0 0.50 | 0.57 0.30 0.09 1030
DI10S1753 | -0.55 | 0.70 20.09 1070 [-0.47  [0.70 0.02 [ 0.60
D10S564 | 1.00 0.20 0.53 [ 0.06 |0.92 0.20 0.61 | 0.05%
DI0S1171 | 0.59 0.30 0.12 020 |0.23 0.40 0.03 |0.40
D12S86 | 1.58 0.06 0.86 | 0.02% [ 1.29 0.10 0.86 | 0.02%
DI12S1612 ] -0.23 | 0.60 20.01 060 |-0.68 |08 0.03 |07
DI3S1298 | 0.47 0.30 0.07 030 ]0.16 0.40 0.01 |0.40
D13S1271 | 2.42 0.008** | 1.00 | 0.02* | 2.44 0.007%* | 1.16 | 0.01*
DI3S1284 | -0.17 | 0.60 20.01 |0.60 |-032 |0.60 -0.02 | 0.60
DI5S122 | 1.03 0.20 0.60 | 0.05% | 0.71 0.20 0.46 | 007
D15S1002 | 0.95 0.20 038 |0.09 [085 0.20 037 |0.10
DI5S1048 [ -037 | 0.60 0.05 [0.07 |-051 [0.70 -0.02 | 0.60
D1653024 | 1.68 0.05% 0.6/ |0.05% |1.19 0.12 0.46 | 0.07
D16S3027 | 2.07 0.02* [ 1.01 |0.02* |1.71 0.04* | 1.14 |0.011%
D16S3088 | 1.06 0.15 052 10.06 |0.23 0.40 0.06 |0.30
D22S421 | 0.45 0.30 0.08 030 [0.29 0.40 0.07 [0.30
D228315 | 0.70 0.20 021 1020 [0.20 0.40 0.03 | 0.40
D22S1164 | -0.30 | 0.60 20.02 1060 |-028 |0.60 -0.01 | 0.60
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The combined Merlin-SimWalk2 analysis of the families of British origin also

implicated chromosome 132 with a maximum NPL All of 1.56 (p<0.05) for the

marker D1S10660. In addition, NPL Pair scores for the three chromosome 10 markers

were significant with a maximum score of 2.01 (p<<0.01) at D10S1171.

Table 2.10. Results of Combined Merlin-Simwalk Analysis: British Ancestry Pedigrees.

Marker NPL-Pair p-value NPL-All p-value
D1S1660 1.64 0.0227* 1.56 0.0277*
DI1S2655 1.31 0.0491% 111 0.0782 B
DISI678 1.34 0.0458* [.12 0.0751 )

D2S2321 0.09 0.8100 0.18 0.6547
D252208 0.15 0.7002 0.26 0.5536
D4S394 0.10 0.7936 0.20 0.6259

| D4S983 0.05 0.8895 0.07 (.8538

D4S1582 0.25 0.55630 0.28 0.5308

'DIOSI753 | 1.56 0.0278* 0.94 0.1149
D10S564 1.56 0.0277* 0.94 0.1147
D10S1171 2.01 0.0097+* 1.51 0.0313*
D12S86 0.59 0.22569 0.3 0.2319
DI12S1612 0.78 0.1657 0.73 0.18306
D13S1298 0.57 0.2703 0.72 0.1927
D13S1271 0.86 0.1383 1.19 0.0642
DI13S1284 0.61 0.2448 0.87 0.1336
D15S122 0.21 0.6237 0.15 0.7056
D15S1002 0.05 0.8824 0.02 09522
D15S1048 0.05 0.8992 0.02 0.9554
D16S3024 0.58 0.2629 0.31 0.4924
D1683027 0.53 0.29 0.32 0.4791

| D16S3088 0.58 0.26 0.48 0.33

D228421 0.13 0.7373 0.14 0.7165
D22S315 0.16 0.6864 0.15 0.71
D22S1164 | 0.10 0.7921 0.11 0.7780
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The Merlin only analysis provided support to the hypothesis that the three
chromosome 1 markers are linked to BPD with a maximum NPL All score of 1.57
(p<0.01) at D1S1660. The region around chromosome 10g23 also yielded significant
NPL scores, peaking at 1.56 (p<<0.01) for the marker D10S1171. The markers D12S86
and D13S1171 were also linked to BPD in the British ancestry sample. Sce Table

2.11, below.



Table 2.11. Results of Merlin Analysis - British Ancestry Pedigrees.
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D22S1164

0.30

Marker ZMean p- LOD | p-value | ZMean | p-value | LOD | p-value
Pair value | Pair All All
DISI660 | 233 | 0.01%* | 1.56 | 0.004 | 2.41 0.008%* | 1.57 | 0.004*%
D182655 | 1.25 0.11 ]034 |0.11 1.40 0.08 0.51 {0.06
DISI678 | 1.19 012 093 [002¢ |080 0.20 0.62 | 0.05*
D282321 -0.78 | 0.80 | -0.19 | 0.80 -0.69 | 0.08 0.16  0.80
| D2S2208 | 0.44 030 |0.05 1030 0.61 030 |0.09 [030
D48394 | -021 [ 0.60 |-0.04 | 0.70 032 (060 | -008 1070
D4S983 | -1.10 | 090 |-0.38 [0.90 117 0.90 -0.38 | 0.90
| D4S1582 | 0.55 030 |0.13 |0.20 0.71 0.20 023 |0.20
DI0S1753 | 1.39 0.08% | 1.00 | 0.02% | 0.86 0.20 0.50 | 0.07
DI0S564 | 1.60 0.05% | 1.14 | 0.011% | 1.30 0.10 0.93 | 0.02%
D10S1171 | 2.13 0.02* | 1.56 | 0.004** | 1.92 0.03* | 1.34 | 0.006%*
DI2S86 [ 1.27 0.10 035 [0.10 1.36 0.09 0.42 | 0.08
DI281612 | 1.32 0.09 | 0.87 |0.02% 118 0.2 0.78 | 0.03%
DI3S1298 | 1.58 0.06 | 0.44 |0.08 1.66 0.05* | 0.51 |0.00
DI3S1271 | 1.74 0.04% | 1.09 | 0.012% | 1.72 | 0.04% | 113  0.011%
D13S1284 | 0.56 030 1010 |0.20 0.58 0.30 0.11 020
DI5S122 | -0.05 | 0.50 |0 0.50 0.16 | 0.60 -0.02 | 0.60
DISST1002 | -0.75 | 0.80  [-0.23 | 0.08 133 10.90 -0.45 | 0.90
DI5S1048 | -0.02 | 0.70 | -0.11 | 0.80 091 10.80 -0.24 | 0.80
D1683024 | 0.91 020 0.7 020 0.92 0.20 0.17 ]0.20
DI16S3027 | -0.48 | 0.70 | -0.08 0.70 053 | 0.70 -0.10 [ 0.80
DI16S3088 | -1.06 | 090 [-0.37 0.90 20.70 | 0.80 021 | 0.80
D22S421 [ 0.74 | 020 | 0.17 |0.20 0.55 0.30 0.09 | 0.30
D228315 [ -0.09 | 050 |-0.01 | 0.60 0.08 | 0.50 -0.02 | 0.60
0.55 030 ]0.13 [0.20 0.56 0.14

0.20




2.6.2. Association Analysis.

The QTDT association analysis on the sample as a whole did not produce any
statistically significant associations between variants of the candidate genes and
bipolar spectrum illness. All individuals diagnosed with schizophrenia, BPD I, BPD
11, cyclothymia and MDE-R were labelled as “affected™. Three covartates were also
included in the variants components model: age, gender and ethnicity. Details of the

analysis can be found in Table 2.12, below.

Table 2.12. QTDT Association Analysis: All Pedigrees.

Variant Sample Size Chi Square p-value Risk Allele
COMT 187 1.98 0.1595 NA
5-HTT LPR 187 0.11 0.7388 NA
SERT VNTR 185 0.18 0.9140 NA
DRD4 186 6.00 | 0.1944 NA
D4 120 182 0.09 0.7676 NA
DRD?2 180 0.00 0.9790 NA
DAT 186 0.94 0.6242 NA
| BDNF 187 0.05 0.8292 NA
ApoE 186 3.02 0.2211 NA
Notch 181 5.58 0.2328 NA
Prion 184 0.20 0.6586 NA

As was the case with the linkage analysis, the author was interested in examining if
the pedigrees of Afrikaner and British origin differed from each other in any way. In
the Alrikaner ancestry sample, no significant association at an o level of 0.05 was
apparent. There was however, a weak {rend towards significance for two of the
candidate polymorphisms, the DRD4 48bp VNTR (4*=8.52, p=0.0742), and the Prion
Met129Val SNP (%*=3.13, p=0.0820). Full data are listed in Table 2.13, below.




Table 2.13. QTDT Association Analysis Afrikaner Ancestry Sample.
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Variant Sample Size Chi Square p-value Risk Allele
COMT 106 0.03 0.8604 NA
S-IITTLPR 106 0.19 0.6664 NA
SERT VNTR 105 0.57 0.7536 NA -
DRD4 105 8.52 0.0742 1ar
D4 120 104 1.49 0.2216 NA o
DRD2 103 0.22 0.6414 NA
DAT 106 0.81 0.3673 NA n
BDNF 106 1.40 0.2364 NA
Apok 106 0.20 0.9036 NA
Notch 103 6.13 0.1897 NA o
Prion 3.13 0.0820 Met

106

In contrast the British ancestry sample yielded §* scores of borderline significance for

the COMT Vall58Met variant (p=0.0585) with the Val allele found more f{requently

than expected by chance in the bipolar group. The DAT VNTR was slatistically

significant (p<<0.01) with the 10 repeat allele over-represented in the bipolar group

and the 9R allele under-represented in the control group (see Table 2.14, below).

There was no statistically significant relationship between any of the other genetic

variants and the disease phenotype.



Table 2.14. QTDT Association Analysis: British Ancestry Families.

Variant Sample Size Chi Square p-value Risk Allele
COMT 70 3.58 0.0585 Val
5-HTT LPR 71 0 0.9703 NA
| SERTVNTR | 70 0.48 0.7847 NA
DRD4 71 2.37 0.6684 NA
D4 120 68 2.41 0.1207 NA
DRD2 67 0.10 0.7504 NA
DAT 70 6.99 0.0082%* 10R
BDNF 71 0.52 0.4697 NA
Apol: 70 2.38 0.3039 NA
Notch 67 2.56 0.6343 NA
Prion 0.64 0.4240 NA

08




2.6.1 Linkage Analysis.

2.6. Discussion.

A visual summary of the linkage results is presented in Table 2.15, below.

Table 2.15. Summary of BPD Linkage Data.
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Marker Total Sample Afrikaner British Family 30 (No Merlin)
DIS1660 Vv XV Vv X
D182655 W XX VX X
DIS1678 W Xy X X
| XX X X
XX X
' D4S394 XX XX XX X
"D45983 XX XX XX X
D4S1582 XX XX XX X
D10S1753 XX XX W X
| D10S564 XV XV VW X
DIOSI171 XV XX Vv X
TDI2S86 v Vv XX X
D12516]2 XX XX Xy X
DI351298 XX XX XN X
DI13S127] X~ Xy Xv X
D13S1284 XX XX XX X
DS XX XX XX X
" D15$1002 XX XX XX X
DL551048 KX MK XX X
' D1653024 W W XX
D16S3027 VX W XX
| D16S3088 VX XX XX X
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W= Statistically significant result in combined analysis and Merlin analysis.
VX~ Statistically significant result for combined analysis but not Merlin analysis.
XV= Statistically significant result for Merlin but not combined analysis.

XX=No stalistically significant {indings.

Table 2.15 is based on nominally significant p-values. As discussed in Appendix A,
the suggested threshold for significance in genome-wide scans is stringent: 3.3. In this
case, only 25 markers on 9 different chromosomal regions were typed. Furthermore, a
priori evidence for linkage to these regions exists, and it is therefore unclear what

constitutes appropriate cut-oftf scores.

The most promising {inding was the Merlin derived single-point NPL (pair) score of
2.14 (p<0.001) and NPL (All) score of 2.52 (p<0.001) obtained at the marker
D1ST1660 on 1g31.1 (194.8 Mb). This finding appears to be robust as the two nearby
markers, D182655, and D1S1678 both showed statistically significant evidence for
linkage, particularly D1S1678 which returned a NPL (pair) score of .72 (p=0.002). A
multipoint analysis implicated the entire 6 Mb region (194-200 Mb) with peak NPL
scorcs of 1.78 at 194 and 1.58 at 200 Mb, respectively. In addition, the combined
Merlin-SimWalk2 analysis produced similar findings, with NPL (pair) scores of 1.82
(p=0.0151), 1.50 (p=0.0319), and 1.34 (p=0.0454) for the markers DI1S1060,
D1S2655, and DIS1678, respectively.

Caucasians of both British and Afrikaner origin showed significant evidence of
linkage to this region although the effect seemed to be weaker in the Alfrikaner
ancestry population with a maximum NPL (All) score of 0.96 (p=0.02) at DIS1678.
The smaller British ancestry sample returned a maximum NPL score of 1.57

(p=0.004) at D1S1660.

Two other groups have described linkage to markers in an almost identical region of
the chromosome. Ekholm et al. (2003) reported weak evidence for linkage to BPD

with an affected sibling pair derived Z score of 1.8 at the same marker (D1S1660) in a
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Finnish population, while Shink et al. (2004) recorded a modest parametric L.OD
score of 1.23 at the marker D1S413 (which is located only 1 Mb away from

D1S1660) under a recessive model of inheritance in their French Canadian sample.

A search of the PubMed database suggests that the maximum NPL score of 2.52
obtained in this study is onc of the highest ever reported in the region (sec Figure 2.1).
Morissette et al. (1999) conducted an affected-relative pair analysis of one large
Quebec pedigree and found evidence flor linkage to a marker only a few Mb distal
[rom Detera-Wadleigh ct al.’s (2004) peak, with an NPL scorc of 1.99 at 213.5 Mb.
The analysis of the Scottish sample of MacGregor et al. (2004) implicated an even

more distal region with a multipoint parametric LOD score of 2.77 at 227.1 Mb.

Given the lact that a linkage signal for a complex disease may occur up 1o 30cM away
from the original finding (Park et al. 2004) and that true L.OD score peaks are usually
broader than false peaks (Terwilliger et al. 1997), it is likely that the peak at 195 Mb
represents the same disease locus detected by researchers in the region around 1q41.
There have however been two reports of linkage to a 1¢q23.3 about 40 Mb proximal to
the UCT [inding (see Figure 2.1), and 1t is thus theoretically possible that linkage to
this hypothetical discase locus has been detected instead. The area around the 3
significant markers needs further investigation and future typing of the UCT cohort

should include a varicty of markers in the broad region between 157 and 230 Mb.

The Merlin analysis produced NPL Pair and All scores of 1.93 (p<0.001) and 2.17
(p=<<0.001) at the marker D13S1271. The two adjacent markers however, rather
disconcertingly produced weakly positive NPL (pair and all) scores of 0.11-0.45 and
0.02-0.40, respectively. What can account for the difference in Merlin-derived NPL
scores across the three 1332 markers? Given the small distance between these
markers (I ¢cM) inter-marker recombination can be cffectively ruled out as a possible
cxplanation for the divergent results. The degree of marker informativity can also be
ruled out as a contributing factor. See Figure 2.10, below. Eleven different allcles of
D13S1271 were observed in the sample while D13S1298 and D13S1284 had 15 and 9

alleles, respectively.
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D13S1298 D13S1271 D1351284
200 Kb 500 Kb
— >
HTZ =0.84 HTZ=0.74 HTZ=0.81

Figure 2.10 Location and Heterozyqosity of Chromosome 13 Markers.

Genotyping error is a possible explanation. Given the fact that two out of the three
markers produced non-significant Merlin results, it could be argued ceteris paribus
that the significant NPL score at D13S1271 is artefactual, especially given the non-
significant Merlin-SimWalk findings. On the other hand, a re-examination of the
author’s linkage files indicated that D13S1271 genotyped better than the other two
negative markers. 1t is clearly going to be necessary to re-evaluate the region around

1332 in this sample especially given the u priori evidence for linkage to this region.

Park et al. (2004), Detera-Wadleigh ct al. (1999) and Liu et al. (2001) all detected
significant linkage peaks at 100 Mb, approximately 2 Mb distal to the potentially
significant markers in this study. Furthermore, Kelsoe et al. (2001) reported a
parametric 1.LOD score of 2.4 at 95 Mb, 3 Mb proximal to the equivocal resulis
obtained in this thesis. The same region has also been implicated a number of times in
schizophrenia. Lin and Bale (1997) reported a LLOD score of 2.58 at the markers
D13S122 and D13S128, and this was replicated by Blouin et al. (1998) who detected
a maximum [OD score of 3.6 in a genome-wide scan of a large number of
schizophrenia pedigrees. Brzustowicz et al. (1999) {ound an even higher LOD score

0{'3.92 in an independent sample of schizophrenia families.

The linkage results from chromosomes 10 and 16 provide preliminary support to the
strategy of discriminating between subjects of British and Afrikaner origin. No

statistically significant scores for the markers D10S1753, D10S564, and D10S117]
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were observed in the pedigrees of Afrikaner origin with Merlin-derived NPL (pair)
scores of -0.09; 0.53, and 0.20, respectively. The smaller British ancestry sample in
contrast, yielded significant NPL (pair) scores of 1.00 (p=0.02), 1.14 (p=0.011), and
[.56 (p=0.004). The combined Merlin-SimWalk2 analysis discriminated even more
sharply between the two groups with NPL (pair) scores of 0.08, 0.08, and 0.06 in the
Afrikaner ancestry sample and 1.56, 1.56, and 2.01 in the British ancestry Caucasian
group (sce Tables 2.7 and 2.10). The reverse pattern obtains on chromosomc 16 with
NPL (pair) scores of 0.61, 1.01, and 0.52 as evinced by Merlin in the Afrikaner
ancestry subgroup and NPL scores of 0.17, -0.08, and -0.37 in the British ancestry
sample (see tables 2.9 and 2.11).

Although there is a dearth of epidemiological studies of BPD in African populations,
the author is not aware of evidence to suggest that the disorder is any more or less
common in these populations. On the balance of probability, the author suggests that
the genetic changes that predispose to manic depressive illness are likely to have
arisen before the large scale migration of modern Homo sapiens {from Africa to
Europe, Asia and the New World approximately 100 000 years ago (Stringer and
McKic 1996). Extant Caucasian populations presumably carry a proportion of these
variants in their gene pool, and founding populations such as the Afrikaner, an cven
smaller percentage of these polymorphisms or mutations. It is thercfore plausible for
British Caucasians to possess a diseasc susceptibility locus on chromosome 10¢g23.31
that is absent in the Afrikaner population The reverse situation in which the Afrikaner
but not British ancestry pedigrees showed cvidence of linkage to chromosome 16
markers is most probably a false positive result given the relatively small NPL scores
obtained. Nevertheless, it is likely that the UCT British ancestry sample is not

representative of all the susceptibility variants found in the British BPD population.

The modest evidence for linkage to 10g23.31 (92.5 Mb) in the British ancestry
Caucasian sample echoes most directly the study of Park et al. (2004). These authors
carried out a genome-wide scan with 343 markers in 40 Caucasian pedigrees from the
United States and Israel, recording a multipoint affected sib-pair NPL score of 1.51
and a single-point parametric LLOD score of 1.60 at 80.4 Mb (10422.2). The
interesting discrepancy between the two studies is that Park ct al. (2004) defined

affected individuals on the basis of psychotic symptomatology whereas the majority
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of affected individuals in the UCT sample have not shown evidence of psychosis,
especially those patients diagnosed with MDE-R. The issue of psychosis is pertinent
because Fallin et al. (2003) produced some of the strongest evidence yet that this
region is involved in susceptibility to schizophrenia and schizoaffective disorder.
These authors conducted a genome-wide scan in Ashkenazi Jewish families and
reccorded a maximum NPL (all) score of 3.35 and heterogeneity (HLOD) score of 3.14
under a dominant model of inheritance at 10q22.3. Fine mapping with additional
matkers in the region increased the NPL score to 4.27 (Fallin et al. 2003). Yet when
the same group investigated their sample of Ashkenazi Jewish families for linkage to
BPD, only weak evidence for linkage in this region could be obtained (Fallin et al.

2004).

Rice et al. (1997) reported the highest parametric LOD score (3.47) in the region at 75
Mb (see Figurc 2.4) under an affection status model that included schizoaffective
disorder, BPD 1, and BPD 11. When the model was broadened to include MDE-R

individuals, the score dropped to 2.35.

A host of other studies have implicated a more distal region ranging between 118.6
and 1294 Mb on the long arm of chromosome 10 (see Figure 2.4). The most
promising of these results were those of Cichon et al. (2001) who obtained a
maximum parametric LOD score of 2.86 under a broad affection status and dominant
model of inheritance, and a maximum Z score of 3.12 at 125 Mb. It seems unlikely
that results of this thesis (if genuine) and those of Rice et al. (1997), Park et al. (2004),
and Fallin et al. (2003) are reflecting linkage to the same susceptibility locus
implicated by Cichon et al. (2001), Kelsoe et al. (2001), Mclnnes et al. (2003) and
other groups. There may thus be two susceptibility loci on 10q, one in the region of
10922-23 and another at 10g25-26. Further research is necessary to test this
hypothesis and possible candidate genes arc suggested in the concluding chapter of

the thesis.

As mentioned above, weakly significant NPL scores were obtained for the
chromosome 16 markers (1-7 Mb) in the Afrikaner ancestry sample (see Tables 2.7
and 2.9). Ewald et al. (2002) reported evidence for linkage to markers in the same

region (5.70 Mb) in their Danish pedigrees with a parametric LOD score of 2.23 (see
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Figure 2.8) under a recessive model of inheritance. Edenburg et al. (1997) and Dick et
al. (2002) reported significant NPL scores of 1.9 and 2.13, respectively at markers
approximately 10 Mb away from the UCT peak score (13.6 Mb) in the NIMH series
of bipolar pedigrees. The strongest linkage peak in the region was detected at 20 Mb
(see Figure 2.8) about 15 Mb distal from the author’s weakly signilicant NPL scores.
Maziade et al. (2004) examined 21 pedigrees from Quebec. Seven of these families
were predominantly afflicted with schizophrenia, six with BPD, and 8 wecre
characterised by mixed schizophrenia and BPD diagnoses. The BPD pedigrees
yiclded a modified LOD (MOD) score of 4.05 under a recessive inheritance model. A
broad affection status model that included both schizophrenia and BPD yiclded a

multipomnt MOD score of 3.66 (Maziade et al. 2004).

Chromosome 12 yielded suggestive but somewhat contradictory evidence for linkage.
The sample as a whole produced Merlin-derived NPL (pair) scores of 1.19 (p=0.01) at
D12886 (117 Mb), and 0.25 at D12S1612 (123 Mb). The SimWalk-Merlin statistic
was more congruent with NPL (pair) scores of 0.50 and 0.57 at DI2S86 and
D12S1612. Splitting the sample up into the different ethnic groups helped to elucidate
the situation. The group of Afrikaner origin returned Merlin NPL (pair) scores of 0.86
(p=0.02) and -0.01 at D12S86 and D12S1612, respectively, while NPL scores of 0.35
and 0.87 (p=0.02) were achieved for the British ancestry group at the same markers.
The fact that the latter sample returned a statistically significant NPL score for
D12S1612, while the Afrikaner ancestry group yielded a considerably higher NPL for
D12S86 suggests that the most parsimonious explanation for the discrepant results is
undetected genotyping errors at D12S1612 in the Afrikaner ancestry sub-sample
which artificially deflated the linkage statistic. In a follow-up study, it is planned to
genotype additional markers in this region to clarify the situation especially given the
amount of interest that 12¢q23-24 has generated in the literature (see Figure 2.5). Three
different samples have provided strong evidence for linkage to the region around
12q24 (125 Mb) with LOD or NPL scores above 2.5 (Curtis et al. 2003; BEwald et al.

2003; Shink et al. 2004). For details please see scction 2.1, above.

A perusal of Table 2.9, above indicates that weakly significantly NPL scores ol 0.77
(p<0.05) and 0.58 (p<t0.05) were obtained at the markers 12252208 and D2S82321 on

chromosome 2q33 (208 Mb). Zubenko et al. (2003) carried out a genome-wide scan in
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81 families with recurrent major unipolar depression and detected evidence of linkage
{o an identical region (208 Mb) in the vicinity of the CREB gene. The results obtained
at these markers in this thesis may well be a false positive as they are very weak.
Nevertheless it is interesting that the suggestion of linkage occurred in the Afrikaner
ancestry subgroup. This is because the largest Afrikaner ancestry pedigree in the
sample with 77 members has a higher incidence ol recurrent unipolar depression than
BPD with 20 MDE-R individuals and 5 BPD I members. Perhaps family “30” is
genetically closer 1o the unipolar spectrum illness than BPD per se, and this might
also account for the disappointing absence of linkage to the other markers typed in the
study. Tt might be useful in follow-up work to type this family for markers that have

been specifically linked to unipolar depression.

There arc a number of possible reasons for the failure to replicate reports of linkage to
regions of chromosome 2, 4, 15, and 22. False ncgative results may be a consequence
ol under-powcered studies. An important factor determining power is the eflect size of
the gene or locus under study and becausce these data are unknown, power cannot be
accurately determined. A variant that leads to a small increase in the probability of
developing psychopathology may be ubiquitous in the general population and thus

difficult to detect using linkage techniques.

The UCT study sample size of 350, although relatively modest, compares favourably
with a number of studies that have reported linkage to BPD on chromosomes 2, 4, 15,
and 22. Middlcton et al. (2004) obtained a Z score ol 3.09 on 2q22 with a samplc of
233 individuals, and Venken et al. (2005) reported a maximum NPL score of 2.93
between 2g31-35 in a sample of 171 individuals (sce Appendix B). On chromosome
4p15-16 significant LOD or NPL scores were obtained by Asherson et al. (1998),
Detera-Wadleigh et al. (1999) and Willour et al. (2003) with samples of 171, 396 and
354 individuals, respectively. Significant linkage to chromosome 22ql11-12 was
reported with samples of 396 and 164 individuals (Detera-Wadleigh et al. 1999 and
Kelsoc et al. 2001).

Power is not only a function of sample size but pedigree structure and the density of
affected individuals within families. Generally deeper (the number of generations) and

larger pedigrees contain more informative meioses and present the researcher with a
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better chance of detecting linkage to a locus within the family. In fact, Kwok et al.
(1999) argue that most of the significant LOD scores reported in BPD have been
obtained with single large pedigrees indicative ol an oligogenic effect. A case in point
is the study of Blackwood et al. (1996) who obtained a LOD score of 4.1 at 4pl6 ina
single 120 member-strong family. In this sense the UCT cohort compares favourably
with previously published work with a 77-strong {amily of Afrikaner origin as the

piece de resistance.

Most of the UCT study families arc characterised by a relatively high density of
affective illness (sce Table 2.4). Approximately 45% of individuals met DSM-1V
criteria for BPD 1, BPD II or MDE-R, increasing the power ol non-parametric
analysis. A perusal of Appendix B indicates the density of affected individuals in the

UCT sample 1s equal to or higher than most other published reports in the literature.

Al first glance one would assume that power increases with the number of pedigrees
included in the study and that the largest published studies are therefore by necessity
the most statistically powerful. This is only true however if the different familics
included in the study share common genetic risk factors. In the presence ol genetic
heterogeneity - the phenomenon where different genetic variants causc the same
disorder in different individuals, families or population groups — analyses of multiple
small familiecs may prove fruitless (Terwilliger and Goring 2000). Genetic
heterogencity is an umbrella term for two phenomena: non-allelic heterogeneity
where the loci that predispose to illness difler across families and allelic heterogeneity

where more than one allele of the same gene predisposes to illness.

The problem of genetic hetcrogeneity should be ameliorated in the UCT sample, at
[cast within the Afrikaner ancestry subgroup and this further increases the probability
ol detecting linkage to susceptibility loci if they are present in the population. In sum
then, it is unlikely that the failure to replicate previous linkage reports in a number of
chromosomal regions is due to a lack of power. The genetically heterogencous nature
of the disorder makes it far more likely that the relevant disease variants are simply

not present in this particular South African sample at significant levels.
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A possible weakness of this study is the fact that only 2-3 polymorphic markers were
typed per region of interest. Assuming that the markers are informative cnough (the
average heterozygosity of the markers was 0.85) this should not be a problem as long
as the true susceptibility locus lies close 1o the pair or trio of dinucleotide repeats. On
the other hand, a susceptibility locus that lies 15-30 Mb from the typed markers may

casily be missed because of recombination events in the intervening DNA scquence.

Can this lack of marker coverage account for some of the negative findings in this
study? It is certainly plausible but if the reader examines Figures 2.3, 2.7 and 2.9,
above, it is clear that the typed dinucleotide repcats lic within 10 Mb of the vast
majority of markers that have been linked to BPD on these chromosomes. The typing
of additional markers might well have increased the statistical significance of the NPL
scorcs, but whether they would have uncovered latent linkage to BPD on
chromosomes 4, 15 and 22 is in the author’s opinion doubtful. Negativc findings may

also have resulted {rom false positive signals in previous studies.

2.6.2. Association Analysis.

Analysis of the sample as a whole yielded no statistically significant results. However,
when the largest Afrikaner ancestry pedigree (family 30) was removed from the
analysis significant results were obtained for COMT (*=5.97; p=0.0020) and DAT
(?>=7.32; p=0.0410), with the va/ and 10R variants, respectively, as risk factors. The

data are not shown in tabular format.

The COMT gene is considered to be an excellent candidate for involvement in
schizophrenia both because of its monoamine catabolic activity and its position on
22q11, a chromosomal region dcleted in velocardiofacial syndrome which is
characterised by a high incidence of psychosis (Harrison and Owen 2003). Two case-
control association studies detected an association between the low activity met allele
and schizophrenia although sample sizes were relatively modest. Kotler et al. (1999)
typed 92 schizophrenics and 415 controls of various cthnic backgrounds while

Ohmori et al.’s, (1998) study included 150 Japanese cases and controls.
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On the other hand, Wonodi et al. (2003) reported an association between the high
activity val allele and schizophrenia and Shifman et al. (2002) in the largest study to
date with 720 patients and 4000 controls reported a haplotype which included the va/

allele of the VI58M variant to be significantly associated with schizophrenia.

Nevertheless, some of the largest case-control studies have failed to detect a
significant cffect. Arinami et al. (2001) and Norton et al. (2002) genotyped over 300
cases and 300 controls butl there was no evidence that one or other of the COMT
V158M alleles was over-represented in cases or controls. More recently, Fan ct al.
(2005) typed 862 schizophrenics and 928 controls in the Han Chinese population and
once again failed to detect a statistically significant association between the VI158M
variant and the disorder although there was a trend towards overrepresentation of the

val allele in the schizophrenic patients.

The more robust family-based association studics support the recently published case-
control studies which suggest that the val allele 1s a risk factor for the schizophrenia.
Li et al. (2000) adopted a linkage disequilibrium mapping approach and rcported that
haplotypes containing the val variant of the Vall58Met polymorphism were over-
transmitted 1o affected offspring. The va/ variant was similarly implicated by Egan ct
al. (2001) who also found it to be associated with cognitive deficits characteristic of
schizophrenia, and the small sample of Kunugi ct al. (1997) was indicative of a trend
in the same direction. A recent study provided further support for the notion that the
val allele 1s a risk factor for schizophrenia (Ohnishi et al. 2005). The authors
demonstrated that schizophrenics with the valival genotype showed significant
volume reductions of the left anterior cingulate cortex and right middle temporal

gyrus relative to met carriers.

The disjunction in outcome between the various published association studies was
altributed by Glatt et al. (2003) to genetic heterogeneity across ethnic groups. Glatt et
al. (2003) argued that the val allele is a small risk factor for the development of
schizophrenia in Caucasian populations. The authors also pointed out that the
Vall58Met variant - though functional — may be in linkage disequilibrium with the
true disease susceptibility variant confounding previous association studies. A number

ol recent studies reporting an association between schizophrenia and SNP haplotypes
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in and around the COMT gene but not between the VI58M polymorphism and the
disorder have strengthened this hypothesis (Shifman et al. 2002; Chen et al. 2004;
Saunders et al. 2004; Handoko et al. 2005). Like Glatt et al. (2003), Handoko et al.
(2005) arguc on the basis of their haplotype analysis that the V158M polymorphism is
not disecase-causing but is in linkage disequilibrium with the true unidentificd disease-

causing variant approximately 20 kb away.

As discussed in section 2.2, the met allele of the COMT V158M variant has been
implicated in the rapid-cycling form of BPD (Kirov et al. 1998; Papolos el al. 1998).
Two undersized studies have also argued that the met allele is a risk factor for the
development of the more common phenotype (Li et al. 1997; Ohara et al. 1998).
These data are at odds with the schizophrenia literaturc which on balance has
implicated the va/ allele in the disorder. Nevertheless, Massat et al. (2005) typed 378
patients with major depression, 506 bipolar individuals and 628 Caucasian controls,

and reported an association between the va/ allele and early onset depression.

Harris et al. (2005) reported an association between the V158M genotype and the
personality trait intellect/imagination. This time however, the heterozygote group
achieved higher scores than either of the homozygote groups, and it is thercfore
suspected that this is a false positive finding. Nevertheless, a genuine association
between COMT variants and imagination would provide support to the hypothetical
role of this gene in BPD. There is a well known association between creative
accomplishment in the arts and affective illness (Andreasen et al. 1987, Jamison
1993), and a similar relationship has been reported in science and politics (Ludwig
1992; Sulloway 1994). Goodwin and Jamison (1990) and Gilvarry et al. (2000) have

extended this observation to general intelligence as measured by 1Q scores.

A strong assoclation between the 10R allele of the 40-bp VNTR in the 3’ untranslated
region of the DAT gene and BPD was detected (¢*=6.99; p=0.0082 in the British
ancestry sample). Four other studies, three of them published by the Kelsoe group,
have implicated this gene in BPD. Kelsoe et al. (1996) first reported that a region
closc to the DAT gene on chromosome 5pl15.3 was linked to BPD in their sample.
Subsequently, a series of SNPs in the gene were typed and a haplotype comprising 5

SNPs in the 3’ region of gene was found to be associated with BPD with a TDT
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family-based association analysis of 50 parent-proband trios returning a p-value of
0.001 (Greenwood et al. 2001). Nevertheless, the 40bp VNTR was not itselfl
significantly associated with the disease phenotype. Greenwood et al. (2005) recruited
a completely independent sample of 70 trios, genotyping 22 SNPs and the 3° 40-bp
VNTR. Again haplotype blocks in the 3° region of the gene were found to be
significantly associated with BPD but the VNTR polymorphism was not associated

with the disorder per se, replicating their original finding.

Greenwood et al. (2005) argue that either the VNTR variant fails to play a causal role
in BPD, or if it does exert some kind of effect, then it must act in conjunction with
other DAT variants. The finding of this thesis that the 10R DAT variant is associated
with affective illness can be interpreted as contradicting Greenwood ct al’s (2005)
hypothesis. Alternatively, the DAT VNTR may be in LD with other causal DAT
variants in the UCT sample but not in the US populations of Greenwood et al. (2001)

and Greenwood et al. (2005).

Horshitz et al. (2005) may have identified one of these potential causal variants. The
authors discovered a rare missense mutation which was inherited by a BPD patient
[rom her affected father. The mutation, which is believed to inhibit cell surface
expression of the transporter protein, was not detected in any control samples

(Horshitz et al. 2005).

Is it reasonable to view the associations between COMT, DAT and affective illness as
genuine given the fact that family 30 was excluded from the association analysis?
From the vantage point of the statistician this kind of analysis is tantamount to data
manipulation and the results therecof should therefore be treated with scepticism.
However, as will be argued throughout this thesis, psychiatric geneticists need 1o
adopt a dilferent mindset to that employed in the identification of monogenic
disorders. Genetic heterogeneity in bipolar patients is likely to be significant because
of the complexity of neural networks and the molecular pathways upon which these
circuits are built. Clearly the arbitrary fractionation ol samples will lead to false
positive results but 1f cogent rationale for the subdivision of samples exists, the
strategy should not be dismissed. In this case, elimination of one large family that is

likely to share particular genetic risk factors scems reasonable, especially since the
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family does appear to differ phenotypically from most of the the other bipolar
pedigrees. A perusal of Table 2.4 indicates that the majority of families display
approximately equivalent [requencies of unipolar and bipolar illness. In family 30,
however, 40% of the samiple has had at least one episode of unipolar depression,

while 8% of the sample has been diagnosed with bipolar illness (data not shown).

Given the argument about genetic heterogeneity, the sample was then divided into
families of British and Afrikaner origin. The Afrikaner ancestry sample yielded some
weak evidence of an association between the DRD4 VNTR and the Met129Val Prion
SNP and BPD. Papassotiropolous ct al. (2005) reported that individuals with the
Prion Met allele recalled more mformation on a memory task than their Val/Val
counterparts. There is evidence to suggest that neurocognitive functions like memory
arc disturbed in BPD (see Chapter 4), but give the fact that the Met rather than the Val
allele was associated with BPD in this sample, and the association was not statistically

significant (p= 0.0820) this result is unlikely to be meaningful.

The 4R allele of the DRD4 48bp VNTR polymorphism was found to be marginally
over-represented in affected individuals (*=8.52, p=0.0742). There are very litlle data
implicating the DRD4 gene in the actiology of BPD and the data that are available
tend to suggest that the 2R allele, rather than the 4R allele is the susceptibility variant.
As mentioned in section 2.2, Lopez-Leon et al. (2005), in their meta-analysis, detected
a significant association between the 2R allele and unipolar depression (OR=1.73) as
well as the 2R allele and their combined unipolar and bipolar sample (OR=1.41).
However, when the BPD data were analysed separately the trend towards over-
representation of the 2R variant was no longer statistically significant (OR=1.26)
(Lopez-Leon et al. 2005). Nevertheless, the finding of the UCT study is supported by
the family-based association study of Muglia et al. (2002) who argue for an
imprinting effect with the 4R allele of maternal but not paternal origin preferentially

transmitted to affected offspring.

Morce interesting results were found in the British ancestry sample. The functional
VI58M COMT polymorphism returned a ¢? score that was of borderline significance
(p=0.0585) with the val allele over-represented in affected individuals. The DAT 10R

allcle was also found to be over-represented in the affectively ill (x*=6.99, p=0.0082).
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These results support the strategy of excluding family 30 {from the analysis as both the
British group and the sample as a whole sans family 30 showed an association with

the COMT and DAT variants.

While all research has methodological limitations, it 1s important to emphasize the
strength of one’s findings. One of the most discussed methodological issues in genetic
association analyses of complex traits is that of population stratification. It is often
stated in the literature that if two or more different ethnic groups are sampled in a
study and if the frequencies of the alleles under consideration differ between these
groups, then any observed genotype-phenotype corrclations may in fact result [rom
the use of an ethnically stratified sample (although see Cardon and Palmer 2003). The
use ol the family-based QTDT analysis has circumvented this problem. The
significant association between the COMT V158M variant and the DAT 40bp VNTR
cannot be attributed to hidden population stratification. The fact that the association
was present in both the British and Afrikaner ancestry sub-samples (without family
30), and that some of the p-values were highly significant (p< 0.01) also adds

credence to the results.

Given the fact that 11 different genetic variants were tested for association with BPD,
it could be argued that the significant COMT and DAT resulls are false positives.
Theoretically, for each independent statistical test the probability of a false positive
result increases by 5% because of the commonly accepted type | error rate, and
therefore in this case a should be adjusted to 0.005. As will be discussed in more
detail in Chapter 3, the Bonferroni correction [or multiple testing is overly
conscrvative. Nevertheless, even after correction for multiple testing, the p value of
0.002 obtained for COMT remains statistically significant and the p-value ol 0.0082

for DAT is very close to significance.

The failure to detect a significant association between BPD and variants of some ol
the most promising genes such as BONF was disappointing but not that surprising
given the contradictory picture of the literature discussed in section 2.2. One potential
explanation is lack of statistical power. Genetic association analyses of complex traits
are predicted upon the CDCV hypothesis (sec Appendix A) and therclore genetic

clfect sizes are by definition modest with negative implications for statistical power.
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If the UCT sample does indeed suffer from a lack of statistical power than the effects
exerted by DAT and COMT on the disease phenotype may be considerably greater

than the other variants that were typed.

[t could be argued that the investigation of the cleven candidate genes was not
lthorough enough because only one or two polymorphisms per locus were genotyped.
This may be a problem if an unknown variant within the relevant candidate gene is the
true risk allele and thercfore multiple markers need to be typed to ensure that at least
one of them is in LD with the causal variant. However, with the exception of the
DRD2 Taq SNP (which is probably in LD with the functional SNP) and the Notch4
repeat polymorphism, all of the variants that the author genotyped have been shown to
cxert some kind of functional cffect. If these candidate genes are involved in the
actiology of BPD then it is rcasonable to presuppose that that an association with the
functional variant should be present. This supposition is supported by the literature
reviewed in section 2.2 which has largely implicated these same functional variants in

the actiology of BPD.

In the author’s opinion, lthe most likely cxplanation for the failure to replicale
previously published findings is the existence ol multiple subtypes of BPD which are
superficially identical but vary genetically. Genetic hetcrogeneity has been observed
in many disorders including some supposedly “simple” mendelian conditions such as

Retinitis Pigmentosa (RP).

RP 1s a mendelian, monogenic high penetrance disorder of the retina which leads to
visual deficits and blindness. It is however, genetically heterogeneous. Terwilliger and
Goring (2000) note that mutations in 11 different genes cause an autosomal dominant
form of RP, 7 different loci result in an autosomal recessive form of the illness and 4
genes on the X chromosome produce a scx-linked form of RP. Terwilliger and
Goring, (2000) calculated that because of this heterogeneity a random sample of up to
20 000 affected sibling pairs would be required to obtain a LOD score of 3 [or onc ol
these causal mutations! If gene-gene interactions and environmental risk factors are

taken into account, the situation is even bleaker.
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[f this 1s the level of complexity observed in a phenotypically “simple” and highly
penetrant condition alfecting the retina then an incompletely penetrant psychiatric
disorder associated with functional changes to convoluted neural circuits is likely to
be many orders of magnitude more intricate. The implications for genetic
heterogeneity are clear and discouraging for gene identification efforts (Terwilliger

and Goring, 2000). How can this conundrum be solved?

As stated above, the results of genetic association (and linkage) studies should not be
so readily dismissed il there is an inconsistent pattern of replication in the literature.
Nevertheless, this does not answer the question of how one should go about
remedying the situation. One potential method is to study isolated population groups
such as the Afitkaner (Terwilliger and Goring 2000). Promising evidence of linkage
to chromosome 1g32 has been detected herc but the association analysis was more
disappointing. Nevertheless, even within the Afrikaner population genetic
hetcrogeneity may be present. Ascertaining large pedigrees with multiple affected
individuals such as family “30” increases the chance that the affected individuals are
carrying the same genctic risk factors (Terwilliger and Goring 2000) but in this case

the largest pedigree did not provide any highly significant resulis.

Another stratcgy 1s to improve the phenotyping ol the sample so that different
phenotypic subtypes of BPD presumably underpinned by distinct genetic factors can
be identified. These bipolar variants can then be analysed separately improving the
chances of detecting linkage or association to genetic variants. This is a good plan in
theory but there is no guarantce that a linear relationship between phenotype and
genotype is present. The same genetic variant may produce dissimilar bipolar
phenotypes in the presence of alternative genetic or environmental backgrounds

(Kelsoe 2003).

A subtly different strategy is to scarch for simpler quantitative traits that arc
intimately associated with the overall phenotype - the classic reductionistic approach
1o science. Understanding the genetic basis of these component endophenotypes will
theoretically help to unravel the genetic basis of the larger more complex diseasc
phenotype. In Chapter 3 the use of one potential endophenotype, personality is

evaluated.
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Chapter 3.

Personality as an Endophenotype.

“There are men who, though not quite indifferent or dull, are not markedly affected

by joy or sorrow. Others will shout with joy or dissolve in tears at the slightest

provocation, and others again are moved by a few things only, but these the more

deeply and lastingly. All this indicates that there is something that decides the moods

of the soul: this is the degree of vitality of temperament. Heinroth, (1818), quoted in

Koukopolous et al. (2001, p329).

List of Abbreviations of Genes Referred to in this Chapter.

BDNF ‘ Brain Derived Neurotrophic Factor
BDNFEF Val66Met | Functional variant giving rise to 2 alleles: val (high activity) and met
CoMT Catechol-O-Methyltransferase
CoMT Functional variant giving rise to 2 alleles: val (high activity) and mer
Vall58Met
DAT Dopamine Transporter
DATVNTR IFunctional variant with 2 predominant alleles: 9R and 10R
Notehd CTG Exonic Repeat with alleles: 6R, 9R, TOR, 11R, 12R.
SERT Serotonin Transporter
SERT 5- | Functional Ins/Del promoter variant producing 2 alleles: short (low

HTTLPR

activity) and long.

SERT VNTR

FFunctional intronic variant producing 3 alleles: 9R, 10R & 12R.




94

In order to facilitate matters a list of the abbreviations used [or the various personality
scales is also presented, below. Detailed information is also to be found in Appendix
. The different questionnaires are highlighted throughout the chapter in distinct type-

[ace.

List of Abbreviations of Personality Scales.

Questionnaire Abbreviation

TEMPS-A Cyclothymic Temperament Scale | CT

TEMPS-A Dysthymic Temperament Scale DT

TEMPS-A Hyperthymic Temperament Scale | HT

TEMPS-A Irritable Temperament Scale IT
TEMPS-A Anxious Temperament Scale AT
TCl Novelty Secking NS
“I'CH EHarm Avoidance 1A
TCT Reward Dependence RD
TCI Persistence P
TCI Self-Directedness sSD
TCI Cooperativeness C
| TCI Self 1'ranscendence Sl
‘Hypgﬁlanic Personality Scale HPS
>';/I'/."]é’6'live Neuroscience Personality Scale Seek | Seek
' ANPS Fear Fear
ANPS Care Care
ANPS An ger Anger
ANPS Pl wy Play
ANPS Sadness Sadness
ANPS Spirituality Spirit

Aspects of this chapter of the thesis are adapted from Savitz & Ramesar (20006).
Personality: Is it a viable endophenotype for genetic studies of bipolar affective

disorder? Bipolar Disorders. In Press.
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3.1. The Concept of the Endophenotype.

As discussed previously, the promise of psychiatric genetics remains unfulfilled as
researchers  grapple with the dilTiculties of dealing with phenotypically and
genetically heterogeneous conditions, controlling for gene-environment interactions
and uncovering the contributions of multiple loci of small effect size. BPD is no
exception to this pattern. Part of the difficulty may be that the DSM-IV criteria
traditionally used in genetic studies arc not reflective of “natural types” of
psychopathology, that is, they do not correspond with the underlying neurobiology of
psycliatric disorders (Gottesman and Gould 2003; Craddock et al. 2004). Genelicists
have thus scarched for alternative methods o phenotype study participants,
culminating in the current popularity of the endophenotypic approach. In fact, a
National [nstitute of Mental Health (NIMH) workgroup has recently recommended
endophenotypes be used as an adjunct lo genetic investigations ol affective disorders

(Merikangas et al. 2002).

The concept of the endophenotype, borrowed from cvolutionary genetics and applied
lo psychiatry by Gottesman and Shields (1973) initially referred to the biochemically
based identification of hidden internal phenotypes. The notion has increased in
sophistication in recent ycars as the use ol endophenotypes becomes more common.

For a detailed review of the concept see Gottesman and Gould (2003).

An endophenotype is a trait that lies somewhere on the developmental pathway from
genes 10 phenotype (Gottesman and Gould 2003). In other words, if the psychiatric
illness of interest is the DSM-1V defined phenotype — the final product of different
genetic and environmental factors, then the endophenotype is a more elementary trait
that is corrclated with the phenotype. The assumption here is that the reduced

phenotypic complexity of an endophenotype is reflective of a more basic actiological

process and should thercfore be less refractory to genctic investigation.

Gottesman and Gould (2003) list ive conditions that need to be satisfied in order for a
trait or marker to be classified as an endophenotype:

(). The trait must be associated with the illness in the relevant population.
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(2). The trait must be largely state independent, manifesting in the individual during
both periods of health and illness.

(3). The trait must be heritable.

(4). Within families, the trait and illness should co-segregate.

(5). The trait found in affected individuals should be found in non-affected family

members at a higher rate than in the general population.

In the following section these five criteria are used to evaluate the feasibility of using
personality as an endophenotype for genetic studies of BPD. Belore evaluating these
data the issue of temperament and personality needs to be addressed. Some
rescarchers make a hard distinction between temperament, which is usually described
as the innate proclivity of the nervous system to respond to stimuli in a consistent
manner, and personality, which is reflective of the adaptation of the individual to
environmental contingencies (Cloninger ¢t al. 1993). In reality, like the notion of
“nature versus nurture”, the distinction between temperament and personality is
heuristic: genctically mediated tendencies modify the effects of environmental
cxposures (Plomin and Daniels 1987; Plomin and Bergeman 1991). While this thesis
reviews studies addressing bolh “temperament” and “personality” in BPD, for the
purposes of evaluating the cndophenotypic approach, these two tlerms arc used

synonymously.

3.2. Personality as an Endophenotype.

3.2.1. Are Specific Personality Traits Associated with BPD?

The recognised association between affective illness and temperament can be traced

back to ancient Greece and Rome (Angst 2000).

“Those prone to the disease [BPD] are such as are naturally passionate, irritable, of
active habits, of an easy disposition, joyous, puerile: likewise those whose disposition
inclines to the opposite condition, namely, such as are sluggish, sorrowful, slow to

learn, but patient in labour, and who when they learn anything soon forget it; those
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likewise are more prone to melancholy who have formerly been in a mad condition”.

Arctacus of Cappadocia (AD 30-90) cited in (Angst 2000), p178.

The interplay between pathology and temperament found resonance in the writings of
nineteenth century European psychiatrists such as Esquirol, Falret, and Kahlbaum, but
was epitomised by Kraepelin’s seminal work on manic-depressive insanity (MDI)
(Angst 2000). Kraepelin viewed major depression and mania as manifestations of an
identical underlying pathology which is genetic in aetiology and expressed in the form
of multiple phenotypes or clinical subtypes (Akiskal and Pinto 2000). While these
variants of MDI arc not always fully penetrant, the inchoate expression of morbidity

is discernible in its temperamental guise (Akiskal and Pinto 2000).

“There are certain temperaments which may be regarded as rudiments of manic-
depressive insanity. They may throughout the whole of life exist as peculiar forms of
psychic personality without further development, but they may also become the point
of departure for a morbid process which develops under peculiar conditions and runs

its course in isolated attacks”. (Kraepelin 1921) p 118.

Four dispositions or temperaments: depressive (DT), hyperthymic (HT), cyclothymic
(CT), and irritable (IT), were asseried by Kraepelin to predispose to MDI. Sec
Appendix I for a description of these temperament types. Kraepelin found that the
DT was more common in a largely depressive form of MDI, while predominantly
manic patients tend to be hyperthymic or irritable in character. The CT appears to be
predominantly associated with a predilection for the classical form of the illness
(Kraepelin 1913 cited in Angst 2000). The last two decades have witnessed a plcthora
of studies examining the association between these temperament types and alfective
illness. [t should be noted that at present the terms dysthymia and cyclothymia refer to
both DSM-1V dcfined sub-affective disorders as well as particular temperament types,

and this is reflected in the data below.

(a). The Dysthymic Temperament (DT).

The person with a DT is described by Akiskal and Mallya (1987) as gloomy,

pessimistic and incapable of fun; quiet, passive and indecisive; broody and given to
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worry. In Cassano et al.’s (1992) sample, approximately 40% of the BPD I and 20%
of the BPD I group presented with DT. A high prevalence of DT and double
depression was also characteristic of a sample of depressed patients who exhibited
anti-depressant induced hypomania (Akiskal et al. 2003b). In Haykel and Akiskal’s
(1999) sample, dramatic hyperthymic switches occurred in 12% of the dysthymic
subjects. In fact, Klein et al. (1988) and Rihmer (1990) cited in Akiskal (2001)
suggest that brief hypomanic switches occur in up to 30% of dysthymic patients.
latrogenic hypomania may be indicative of a BPD diathesis (Akiskal et al. 2003b;
Benazzi 1997; Altshuler et al. 1995). More recently, Evans et al. (2005) reported
higher scores on the DT subscale of the TEMPS-A in their sample of 155 BPD I and
11 patients and 63 unrelated controls. Similar results were obtained by Mendlowicz et

al. (2005) in their sample of 23 remitted BPD subjects and 102 unrelated controls.

(b). The Cyclothymic Temperament (CT).

Individuals with a CT vacillate between being grandiose, talkative and creative to
suffering from pessimism, low self-esteem and mental confusion (Akiskal & Mallya,
1987). A CT is most commonly associated with BPD T, with 44% of Hantouche et
al.’s, (1998) 100 strong sample displaying cyclothymic characteristics, and 88% of
cyclothymes diagnosed with BPD II. Benazzi and Akiskal (2005) replicated the
results of Hantouche ct al. (1998) and postulate that trait mood lability is a
pathognomonic sign of BPD type 11. Akiskal et al. (2003a) argue for the existence of a
variant of’ BPD 11, dubbed BPD 2.5 underpinned by a CT, and characterised by a
“darker”, unstable, irritable risk-taking profile that is confused wilth an crratic
personality disorder. Again Evans et al. (2005) and Mendlowicz et al. (2005)
demonstrated in controlled studies that BPD patients scored significantly higher on

the CT scale than either unaffected relatives or controls.

(¢). The Hyperthymic Temperament (HT).

HT individuals are usually irritable, cheerful, extraverted, bombastic, loquacious and
insubordinate (Akiska and Mallya 1987). Cassano et al. (1992) found comparable
rates of HT (25%) in both BPD I and BPD 11 groups. Hantouche et al. (1998) reported
that 15% of their sample of BPD II individuals displayed a HT, and similarly, of 28
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patients classified by Perugi et al. (1998) as BPD II, 5 (18%) had a HT. While
melancholic and anxious personality traits (DT) are more common in unipolar
depression, manic personality traits (HT) were reported by Hecht et al. (1998) 1o
aggregate in BPD 1l and particularly BPD [ groups. In a similar vein, Henry et al.
(1999) argued that the presence of a HT predisposes patients with BPD to suffer from

a greater number of manic episodes.

Methodologically superior studies employing a control group have nevertheless
produced mixed findings. In their comparison of 100 BPD patients and 100 controls,
Kesebir et al. (2005), found an excess of HT in the patient group. Three large
controlled studies have however, shown hyperthymic traits to be clevated in controls
compared to BPD patients (Evans et al. 2005; Mendlewicz et al. 2005; Matsumoto et
al. 2004).

(d). The I[rritable Temperament (IT).

Kraepelin characterised the irritable disposition as the co-occurrence of depressive
and hyperthymic temperaments (Akiskal 1981). The IT as defined by the
Temperament Evaluation of Memphis, Pisa, Paris and San Diego (TEMPS-A) or its
forerunners appears to be rare with a non-gaussian distribution so that only about 2%
of the population score above the sccond standard deviation (Placidi et al. 1998).
Individuals with this temperament are often labelled as borderline personalities and
they usually suffer from major depressions interspersed with hypomania and mixed
cpisodic features (Akiskal 1995). Akiskal (1981) and Akiskal et al. (1985b) suggest
that the DSM category of borderline personality disorder is not representative of a
specific psychopathological syndrome, and that most cases can be subsumed under a
BPD nosology. Both Evans et al. (2005) and Mendlowicz et al. (2005) found higher
levels of IT in their samples of remitted patients with BPD relative to heallhy

relatives and unrelated controls.

While Akiskal and colleagues have pursued the traditional European model of
aftective temperaments, an alternative approach has been the administration of self-
report questionnaires based cognitive and bio-genetic paradigms, which putatively

measure the underlying factors that capture most of the variation in personality. Three
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modcls in particular have achieved pre-eminence: Eysenck’s tridimensional model
(neuroticism, extroversion, and psychoticism), the Five Factor Model (FFM) (Costa
and McCrac 1989) mecasuring extroversion, neuroticism, conscientiousness,
agreeableness and openness to experience, and the Biopsychosocial Model (Cloninger

et al. 1993) which is measured by the Temperament and Character Inventory (TCI).

Cloninger et al. (1998) assessed 804 adults from the general population in an attempt
1o describe DT, CT, HT and IT with the TCI. Those individuals who scored low on
all three character dimensions of the TCI (SD, C, ST are described in Cloninger ¢t al.
(1998) as depressive personalities. Individuals with HT in contrast, score highly on all
three character dimensions. The CT type is theorctically low in SDD but high in C and

ST, while the I'T is Jow in S and ST but high in C (Cloninger et al. 1998).

Unfortunately, there are no studies which have specifically set out to examine the
prevalence of these higher order character traits in BPD samples. Neverthcless,
Engstrom ct al. (2004) in a comparison of 100 BPD I cases and 100 controls reported
that the former group were significantly higher in HA, but lower in RDD, SDD and ..
Nowakowska et al. (2005) found higher S'1" but lower SD in their BPD sample while
Evans et al. (2005) also detected higher levels of ST and lower SD and C among their

BPD group.

Most studies have highlighted the temperament dimension of negative aflectivity.
Negative affectivity is described by the Eysenck Personality Inventory (EPQ) and the
FF'M as neuroticism: a higher order trait that measures a predisposition to experience
anger, anxiety, depression, guilt and other negative emotions or cognitions. The TC1
comprises a similar scale called FHA which is purported to measure the tendency to

avoid punishment, non-reward or novelty.

The association between high levels of neuroticism or anxiety-related traits and BPD
has been replicated by many investigators (Evans et al. 2005; Engstrom ct al. 2004;
Osher et al. 1996; Solomon et al. 1996; Strakowski et al. 1992; Young ct al. 1995;
Matussck and Feil 1983). In one of the more interesting studies, Nowakowska ct al.

(2005) compared 49 BPD patients to 32 students in creative disciplines and 47 healthy
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controls. The BPD and creative groups showed higher levels of neuroticism and
conscientiousness as defined by the FI'M and increased HA as evinced by the TCI. In
a well controlled study, Evans et al. (2005) examined about 150 patients with BPD

and 63 controls detecting higher levels of 1A among the BPD subjects.

The next strongest finding in the literature concerns traits such as disinhibition,
novelty secking and extroversion. Cronin et al. (1992) reported that their sample of 14
hospitalised patients scored higher than a control group of 17 hospital staff on the
Sensation Seeking Scale. Young et al. (1995) obtained similar results with the TCL in
a larger sample of patients and controls. Nowakowski et al. (2005) reported that both
their BPD and creative groups displayed higher levels of NS than background
controls, and Evans et al. (2005) also found evidence for clevated NS in their sample.
Janowsky et al. (1999) found higher levels of NS in their BPD group relative to
unipolar subjects but the ahsence of a control group limits the conclusions that can be
drawn from this study. Osher et al. (1999) reported lower NS in their sample of

cuthymic patients but population norms were used instead of a control group.

Studies of paediatric BPD patients although limited, broadly support the data from
adult research. High levels of emotional reactivity - defined as the tendency to have
intense emotional reactions that are difficult to soothe - a trait that incorporates
aspects ol neuroticism or FMA are commonly reported (Hirshfeld-Becker et al. 2003).
NS, operationalised in young children as the tendency to approach new situations,
rigidity and dysphoric mood states were also found to be elevated in the oflspring of

BPD paticnts (Chang et al. 2003a).

3.2.2. Are the BPD Associated Personality Traits State Independent?

It is a well established fact that scores on self-report questionnaires are sensitive to the
elfects of mood, especially depression (Coppen et al. 1965; Knowles et al. 1965;
Kendell et al. 1968; Kerr et al. 1970; Akiskal ¢t al. 1983; Brown et al. 1992; Joffe et
al. 1993) and thus in order to qualify as an endophenotype, mood-independent
personality trait-BPD associations will have to be demonstrated. This can be

demonstrated in one of two ways: {(a). An asscssment of euthymic patients with BPD,
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and (b) an analysis of the premorbid personality features of individuals who go on to

develop the disorder. The literature covering the former will be discussed first.

(a). Personality Traits in Euthymic Patients.

Despite the fact that the acute effects of depression result in inflated scores on scales
measuring {raits like neuroticism and HA, individuals with BPD still appear (o be
more emotionally unstable or anxious than their unaffected counterparts even when
tested n a euthymic state (Evans et al. 2005; Engstrom et al. 2004; Nowakowska et al.

2005; Young et al. 1995; Osher et al. 1996; Solomon et al. 1996).

The weight of evidence also indicates that euthymic BPD individuals tend to be more
extraverted and inclined towards NS than controls or unipolar depressives
(Nowakowska et al. 2005; Henry et al. 2001; Bagby et al. 1990; Young et al. 1995).
Baghy et al. (1996) and Nowakowska et al. (2005) reported higher “openness to
experience” to be associated with BPD although these studies are limited by the
absence of a normal comparison group. High “openness to experience” individuals
tend to be imaginative, aesthetically sensitive, curious and attentive to inner feelings,

(Bagby et al. 1990).

(b). Longitudinal Research Assessing Premorbid Personality in BPD.

The hypothesis that particular personality types predispose to affective illness is best
assessed by rigorous prospective research (Akiskal et al. 1983). Very few studies have
examined risk factors for BPD per se. In their longitudinal analysis of 6315 army
conscripts, Angst et al. (1986) found that the 16 individuals who later developed BPD,
scored in the normal range on all scales of the Freiburg Personality Inventory. In their
later follow-up study of 591 individuals between 20 and 35 years of age, emotional
lability was reported to be a risk factor for BPD (Angst et al. 2003). Akiskal et al.
(1995) carried out an 11-year prospective study which examined the characteristics of
patients with unipolar depression who later developed BPD II. Those individuals with
high TCI C (dependent on others) and SI' (imaginative) scores were more likely 1o

develop hypomanic symptoms over time.
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Longitudinal research has been dominated by temperament-orientated research which
indicates that the association of DT, CT, HT and IT with BPD predates the onset of

illness and is therefore unlikely to be an artefact of mood.

Kraepelin and Akiskal point out that in a minority of cases dysthymia may constitute
the premorbid temperament of manic depressive illness (Akiskal et al. 1978). Kovacs
et al. (1994) monitored a cohort of dysthymic children and reported that 76%
subsequently developed a major depressive episode, and 13% were diagnosed with

BPD after a 3-12 year interval.

Akiskal et al. (1977) followed 46 individuals with cyclothymia over a 2-3 year period
and reported that 44% of the group experienced anti-depressant associated
hypomania, and 35% developed full-blown major depression, hypomania or mania. In
a later study, Akiskal et al. (1979), longitudinally assessed a clinical sample of
diagnosed cyclothymic patients and found that 25% later suffered from major
depressive breakdowns, and 6% developed manic episodes. These data are congruent
with Depue et al.’s, (1981) prospective report which concluded that approximately
one third of patients with cyclothymia develop major depression and hypomanic

episodes over time.

More recent research has differentiated between BPD T and Il subtypes. In a
prospective study of 559 patients labelled as unipolar at entry, high trait mood lability
was found to be predictive of the conversion of diagnosis to BPD 11 over the 11 year
period (Akiskal et al. 1995). In a prospective study of 80 depressed children and
adolescents, a CT at baseline was also shown to predict a switch to BPD by the end of

the follow-up period (KKochman et al. 2004).

Kwapil et al. (2000) compared groups of high and average scorers on the
Hypomanic Personality Scale (HPS) (which is nominally equivalent to
the Akiskalian HT) after a thirteen year hiatus, and reported that 25% of the high
scorers, and 0% of the average scorers qualified for a BPD diagnosis. In a similar
study, Meyer and Hautzinger (2003) found that high scorers on the HPS suffered

more manic or hypomanic episodes, but not more depressive episodes. Thus the rate
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of bipolar disorders in the risk group was 20.8% compared to 1.3% in the control
group, but the two groups did not differ in their incidence of unipolar depression
(Meyer and Hautzinger 2003). A more recent prospective study by the same group
showed that individuals who scored on the upper decile of the HPS were more prone

to develop hypomanic or manic symptoms two years later (Blechert and Meyer 2005).

The author is aware of only one study that has prospectively analysed individuals with
an IT. In a sample (N=100) of borderlines followed by Akiskal et al. (1985b) for up
to 0 years, 66 met criteria for recurrent depressive, dysthymic, cyclothymic or BPD 11

disorders.

3.2.3. Is Personality Heritable?

Heritability is usually defined as the extent to which phenotypic variation is accounted
for by genectic variation. Twin studies have suggested heritability estimates {or the
FFM (Costa and McCrae 1989) personality traits of between 40 and 60% (Lochlin
1992; Jang et al. 1990; Riemann ct al. 1997). Almost identical results have been
reported for the TCI’s four dimensions of temperament (Cloninger et al. 1994).
Adoption studies yield lower estimates — in the region of 30% - possibly becausc ol

non-additive genetic variance (Bouchard and Loehlin 2001).

The behavioural genetics data are congruent with molecular genetic work that has
allowed lor the identification of genetic variants that appear to influence specific
personality traits. Lesch et al. (1996) and Ebstein et al. (1996) first reported that
anxiety-retated and novelty-seeking related traits were associated with polymorphisms
of the serotonin transporter (SERT) and dopamine four receptor (DRD4) genes,
respectively. In the interim, a plethora of positive and negative findings have been
reported although the original findings appear to be genuine (Savilz and Ramesar
2004). Clearly personality traits are at least partly influenced by genetic factors but
the role of environmental [actors in the development ol personality cannot be

dismissed.
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3.2.4. Does Personality and BPD Illness Co-segregate in Families?

No single premorbid personality profile is pathognomonic of BPD. Temperament
orientated rescarch lias demonstrated that four different temperaments — DT, HT, CT,
and IT — can all give rise to the full spectrum of affective illness. Anxiety-related
traits, tendencies towards NS, extroversion and ST' as well as reduced SD and C have
also been associated with BPD but are unlikely to all be elevated or reduced in a
single individual. Nevertheless, different forms of affective illness may coalesce

around each ol these temperaments or personality traits.

3.2.5. Are Puarticular Personality Traits Found in Unaffected Family Members More

Frequently Than the General Population?

Rosenthal et al. (1981) reported that dysthymics with stable personality traits and a
truncated rapid eye movement (REM) sleep latency had a Tamily history of affective
illness. About 30% of the sample had relatives with unipolar depression, and 10% had
kin with a BPD history. Akiskal et al. (1985a) examined the juvenilc offspring or
siblings of BPD probands, and discovered that 12 out of 68 subjects met their criteria
for dysthymia. Evans et al. (2005) found that unaftected relatives scorcd midway

between BPD individuals and unrelated controls on the DT scale.

Akiskal et al. (1977) found that the prevalence of bipolar disorders in the biological
relatives of patients with BPD and cyclothymia was almost identical. Klein et al.
(1986) evaluated this putative familial relationship and found that nine out of 37 BPD
olfspring, but no control group offspring met criteria for cyclothymia. In a similar
family-based study, Maier et al. (1995) showed that a CT as well as a higher rate of
compulsive personality disorder and rigidity was found in excess among healthy
relatives of BPD probands relative to a control group. In another controlled study,
Chiaroni et al. (2005) assessed the temperaments of 100 normal individuals with a
negative family history of affective disorders, 37 symptom-free individuals with a
family history of unipolar depression and 40 symptom-free voluntecrs with a BPD
family history. CT traits were highest in the group with a BPD family history,
intermediate in the unipolar group and lowest in controls (Chiaroni et al. 2005).

Mendlowicz et al. (2005) compared 23 remitted patients with BPD to 52 unaflected
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BPD relatives and 102 normal controls. Once again CT scores were highest in the
BPD probands followed by their relatives and the control group. ldentical results were

obtained by Evans et al. (2005) in their study of 85 BPD families and 63 controls.

Hoffmann (1921) and Leonhard et al. (1902), in early explorations of Kraepelin’s
theory, both suggested an excess of HT in the first-degree relatives ol their BPD
probands. A number of decades later, Weissman et al. (1984) similarly concluded that

CT and HT aggregate in the relatives of BPD | probands.

In a more recent controlled study, Kesebir et al. (2005) compared 100 BPD probands
and their 219 unaffected first degree relatives to a control group without any family-
history o' BPD, and reported an excess of HT in BPD subjects and their relatives.
Mendlowicz ct al. (2005) and Evans et al. (2005) however, reported significantly
higher H'T scores in their normal control group compared to BPD patients and their

unaffected relatives.

In a sample (N=100) of borderlines followed by Akiskal et al. (1985b) for up to 6
years, 66 met criteria for recurrent depressive, dysthymic, cyclothymic or BPD 11
disorders. In addition, many of these patients had a positive family history ol BPD
and presented with pharmacologically induced hypomania (Akiskal ct al. 1985b).
Evans ct al. (2005) found that unaffected relatives obtained higher scores on the I'T

scale than background controls.

3.3. Genetic Factors Involved in Personality.

As part of their analysis of the literature, Savitz and Ramesar (2004) reviewed 36
studies that examined the relationship between the SERT 5-HTTLPR polymorphism
and anxiety-related personality traits. Of these analyses, 18 reported positive results,
although in 6 instances the observed association was in the “wrong” direction, leaving
a total of 12 studies (33%) that suggested a relationship between the S-HTTLPR and
anxicty-rclated personality traits, It was argued that although the surfeit of small
sample-size studies reporting positive results is a cause for concern, gene-

environment interactions, genetic heterogeneity and variation in genetic background,
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may introduce noise into the analysis of data, concealing a true association (Savitz

and Ramesar 2004).

A recent negative report, however, deserves mention. Willis-Owen et al. (2005) tested
two independent samples with the EPQ: 564 extremely concordant and discordant

(
" and above the

sibling pairs, and 1001 individuals with extreme scores (below the 5
95" percentiles) on the questionnaire. The latter group was derived from a quite
extraordinary sample of 88 142 individuals. No significant association between the 5-
HTTLPR variant and neuroticism was observed despite calculations indicating 100%
power to detect an effect size of 0.5% of the phenotypic variance (Willis-Owen et al.
2005). As will be argued throughout this thesis, however, the usc of very large sample

sizes docs not necessarily guarantee success because of the confounding influence of

genetic heterogencity.

The SERT intron 2 VNTR has also been investigated in personality research. Out ol
nine studics that examined the relationship between the SERT VNTR polymorphisni
and anxicty-related traits, only three reported statistically significant results (Savitz

and Ramesar 2004).

Savitz and Ramesar (2004) also found that 18 out o[ 37 studies addressing the role of
ihe dopamine 4 receptor gene (PDRD4) VNTR polymorphism in personality report
statistically significant results. Seventeen out of these 18 studies found an association
between either the 7R allele or “long alleles” and NS related personality traits,
producing an overall “positive” rate of 46%. Again it was concluded that genc-gene
interactions, genetic heterogeneily, gene-environment interactions and lack of
statistical power may account for the negative findings reported in about half the
published studies. The accuracy ol phenotypic measurement is also a perennial cause
for concern. Of greater relevance to this thesis is a study by Rogers et al. (2004) who
reporled an association between the short allele (or genotype) and elevated NS in a

267 strong sample of BPD patients and their relatives.

The Catechol-O-Methyltransferase (COMT) Vall58Mect variant may also moderate

the development of personality traits. Benjamin et al. (2000) reported a threc-way
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interaction between COMT, the DRD4 and SERT and this was replicated by Strobel et
al. (2003). These researchers found that a variant of DRD4 predisposes 1o higher
levels of novelty seeking traits in the presence of the long/long SERT genotype and

the val/val COMT genotype.

Monoamine Oxidase A (MAO-A) has also been implicated in aggressive and
impulsive behaviours, including suicidal behaviour (Du ct al. 2002). Manuck et al.
(2000) argued that the low activity 3R and 5R alleles which result in greater
concentrations of catecliolamines, were associated with low aggressivity as evinced
by a self-report questionnaire. On the other hand, Caspi et al. (2002), in a longitudinal
study, demonstrated that maltrcated children with the high activity MAO-A4 VNTR
alleles, were less likely to exhibit violent behaviour. Newman et al. (2005) also
demonstrated cvidence of a gene-environment interaction in Rhesus monkeys:
monkeys reared by their mothers were most aggressive if they carried a low activity
MAO-A allele, while peer-reared monkeys with low MAO activity demonstrated the

least degree of competitive aggression.

The brain derived neurotrophic factor (BDNF) Val66Met polymorphism has also been
implicated in personality. Sen et al. (2003) reported that the met allele and met/met
genotype was associated with lower FFM neuroticisim scores and hence may be a
protective factor against depression. Thesc data were replicated by Lang ct al. (2005)
and exiended by the finding that lower BDNF concentrations in the serum samples of
healthy subjects predict higher levels of neuroticism (Lang et al. 2004). It is unclear
however, why the low activity mer variant is associated with lower neuroticism scores
when low serum concentrations of BDNJ predict higher levels of neuroticism. A
study in the Japanese population failed to reproduce the aforementioned correlation
with anxicty-related traits but the met/met group achieved higher scores on the

extroversion scale of the FEM (Itoh et al. 2004).

The dopamine two receptor gene (DRD2) has attracted more interest in domains other
than personality. It is hypothesised to act as a reinforcement or reward gene, and it has
been implicated in a plethora of conditions: from alcoholism and drug abuse through
to obesity and pathological gambling (Noble 2000). The role of DRD2 in personality

is equivocal. Farde et al. (1997) found a significant correlation between D2 receptor



109

density in the putamen and scores on the detachment scale of the Karolinska Scales of
Personality; a result replicated by Breier et al. (1998). Since then a number ol
rescarchers have examined the relationship between DRDZ2 polymorphisms and
personality traits, with mixed results. Noble and colleagucs (Noble et al. 1998;
Berman et al. 2002) have suggested that the TaqAT1 allele may predispose individuals
to substance abuse through its effects on the development of novelty secking and

harm avoidance personality traits.

In summary then, the genetic variants most favoured by the literature for playing a

role in the development of personalty traits are listed below.

SERT 5-HTTLPR: Short Allele —----e-mvacnene > Anxiety-related traits.

DRD4 VNTR: 7R Allele --=--==mmmmmmmaemeee- > Novelty Seeking-related traits.
MAO-A VNTR: Low Activity Variants ------ > Aggressive traits.

BDNF Valo66Met SNP: Val Allele ----=eannnen > Anxiety-related traits

3.4. Rationale.

The above review of the literature indicates that personality 1s at least partly heritable,
that particular temperaments or personality traits aggregate in individuals with BPD,
and that these traits are found in unaffected relatives at a greater frequency than in the
background population. These temperamental peculiarities may constitute a more
penctrant expression of the emotional dysregulation that characterises affective illness
(Savitz and Ramesar 2006). Given this assumption, it is hypothesised that various
measures of temperament could be used as an alternative to DSM-IV diagnoses in

molecular genetic analyses.

The usc of DSM-1V categories in genetic analyses are potentially problematic because
given the psychiatric community’s limited aetiological understanding of psychiatric
illness, patients are grouped together on the basis of signs and symptoms which may
have very different causes. As Kelsoe (2003) points out, BPD is most probably a
syndrome - a collection ol superficially similar conditions with distinct actiologies. In

the genetic parlance, BPD 1s a genetically heterogeneous condition. Grouping large
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samples of DSM-1V defined patients together will therefore diminish the potential {or
detecting genetic association or linkage as the effects of different risk alleles

neutralise trends in the pattern of data.

Theoretically, an endophenotype or intermediate trait should be less genetically
hieterogeneous than the psychiatric disorder so that grouping patients together on the
basis of the endophenotype will increase the statistical power needed to detect
underlying genetic effects (Gould and Gottesman 2006). In this chapter ol the thesis
this hypothesis is tested by using various personality traits as quantitative markers of

different types of BPD illness.

3.5. Methodology.

3.5.1 Subjects.

The personality assessment component of the research was approved by the UCT
research ethics committee (ref” 269/2002) and all participants signed the relevant
consent forms. The same group of probands and their family members on which the
traditional binary linkage and association analyses were conducted (described in
Chapter 2), participated in the endophenotype study. The original cohort of BPD
pedigrees were recruited between 1997 and 2000, and in the intervening years natural
attrition of the sample took place through death, illness and emigration. Some
members of the UCT cohort also refused to participate in the follow-up study and thus
personality data were not available for all 350 individuals. At least some personality
data were obtained [rom 266 members of the cohort (76%). The exact figure varied
{rom one questionnaire to another because of incomplete or incorrect entries. The
reasons [or the missing data were as follows: refusal to participate 40 (11.4%); deaths

22 (6.3%), emigration 18 (5.1%), and physical illness 4 (1.1%).

3.5.2 Genotyping.

The same genelic variants and therefore genotyping methods described in Chapter 2

apply to this section of the thesis.
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3.5.3. Psychometric Measures.

Seven different personality questionnaires comprising a total ol 589 items were
administered by the author. For details concerning the type of traits measured by each
questionnaire as well as the relevant psychometric data, the reader is referred to

Appendix E.

The personality questionnaires were translated into Afrikaans and then back-
translated into English by a professional translator. However, because English is the
lingua franca ol South Africa and most of the Afrikaner cohort is fully fluent in
Iinglish, many of these individuals in any case elected to complete the original
versions of the questionnaires. The scoring of the TCI is automated, while the other
questionnaires were scored by hand by the author. The following questionnaires were

used in the study.

(1). The Temperament and Character Inventory (Cloninger et al. 1994).

(2). The Hypomanic Personality Questionnaire (Eckblad and Chapman 1986).

(3). The Affective Neuroscience Personality Scale (Davis et al. 2003).

(4). The Temperament Assessment of Memphis, Pisa, Paris, and San Dicgo Auto-
questionnaire (TEMPS-A) (Perugi and Akiskal 2002).

(5). The Schizotypal Traits Questionnaire (Claridge and Brocks 1984).

(6). The Beck Depression Inventory (BDI) (Beck and Steer 1993).

(7). The Altman Self-Rating Mania Scale (ASRM) (Altman et al. 1997).

3.5.4 Procedure.

All affected individuals were tested in a euthymic or at least relatively euthymic state.
Very few participants had recently been hospitalised and in fact numerous individuals
had been stable for many years. The majority of individuals were tested individually
at their homes. A small minority completed the questionnaires in a counsclling room
m the Division of Human Genetics at UCT. The battery of questionnaires took
approximatcly 1-2 hours to fill in, depending on the level of functioning of the

research participants. Some patients became too tired to complete the questionnaires
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in one sitting, and were allowed to take the forms home to finish in their own time.
These were then posted or couriered back to the research centre. In addition, a number
ol individuals who lived in remote arcas of the country were contacted telephonically
and asked to participate in this section ol the BPD study. Questionnaires were sent to
these individuals by post and the return of completed questionnaires was facilitated by

a couricr service.

3.5.5. Data Analysis.

A mixed-model Analysis of Variance (ANOVA) was used to compare personality
scores across the various diagnostic groups. The following covariates were entered
into the model: age, gender and sclf-rated depression and mania scores. Family of
origin was used as a random factor. In order to calculate whether a number of
underlying factors could account for the majority of variation in personality scorcs
across the seven different questionnaires, a principle components analysis (PCA) was
conducted on the data. Means and standard deviations were rescaled for each

personality instrument.

A Spearman’s rank correlation was used to examine the correlations between the
various personality endophenotypes. This statistic was used because a small number

of the variables did not have a completely symmetrical distribution.

The QTDT (Abecasis et al. 2000) is designed to test for association or linkage
between a quantitative trait and a particular genetic marker. Association is calculated
by testing if the mean trait value differs between alleles of the marker of interest while
taking the degree of relatedness between individuals in the family and other covariates
into account. Linkage on the other hand is calculated by examining the variance of the
trait at each allele. The smaller the spread of the trait values at each allele, the greater

the evidence for linkage (Abecasis et al. 2000).

The QTDT also provides a measure of the heritability of a quantitative trait by
comparing a null model which assumes that none of the statistical variance in the trait

is due to genetic factors to the alternative model that the trait variance has both an
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environmental and a genetic (polygenic) component. Here the polygenic component is
the degree of covariance of the trait inside families. High heritability scores are
reflective of a situation in which trait values correlate strongly with the degree of
genetic relatedness inside families. In other words, a low heritability score indicates
that distantly related individuals in a pedigree are just as likely as closely related

individuals to achieve similar scores on the relevant trait.

The MAO-A4 gene is located on the X chromosome and cannot therefore be analysed
using the QTDT algorithm. It was therefore decided, in consultation with Goncalo
Abecasis, 1o use a mixed-model ANOV A with family of origin entered into the model
as a random factor in order to control for the fact that individuals in the sample were
rclated to each other. Age, gender, cthnicity, and self-reported depression and mania

scores were used as covariates.

3.6. Results.

A mixed-model ANOVA was run on the data in order to examine personality
differences across the various diagnostic groups. The BPD [ and MDE-R groups
scored higher than unaffected family members (controls) on the CT subscalc of the
TEMPS-A (F=5.34, p<<0.0001) and the FFear subscale of the ANPS (F=3.0, p=0.0241).
The samc diagnostic groups also scored signilicantly lower on the SD subscale of the

TCI (F=2.0, p=0.0394)

The BPD 1, BPD [l and MDE-R groups achieved higher scores than the control group
on the IT scalc of the TEMPS-A (F=5.52, p<0.0001) and the borderline personality
scale (STB) (F=4.29, p=0.0005). The BPD but not depressive groups scored higher
than the control sample on the HPS (F=6.0, p<<0.0001). While the MDE-R group was
more anxious than their counterparts as evinced by the AT scale of the TEMPS-A
(F=2.35, p=0.0381), all the BPD and depression samples achieved higher scores than
controls on the Sadness scale of the ANPS (F=4.0, p=0.0009). A good number of
these results remain statistically significant after correction for multiple testing. For a
clearer picture of the results see Table 3.1, below. Statistically significant scores arc

highlighted.
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Table 3.1. Results of the Mixed Model ANOVA Comparing Personality Scores Across the

Diagnostic Groups.

\

Instrument. Sample F- p-Value. Significant after | Nature of Relationship.
Size. Value. Bonferroni?
TEMPS-A 193 12 0.33 NA NA
DT
TEMPS-A | 217 5.34 <0.0001%* | Yes BPD I >MDE-R >C
or
TEMPS-A | 193 2.39 0.0313* | No Misc group < C
%)
TEMPS-A | 193 5.52 <0.0001** | Yes BPD I + BPD N >
T MDE-R > C
TEMPS-A | 122 2.35 0.0381* | No MDE-R > controls
AT
Hrs 234 6.0 <0.0001** | Yes BPDI+BPD 11 >C
STA 220 1.6 0.1584 NA NA
STB 221 4.29 0.0005** | Yes BPD 1 + BPD Il > |
MDE-R > C
ANPS Seck | 219 0.01 0.9099 NA NA
CANPS Fear | 220 3.0 0.0241* | No BPD 1 +MDE-R>C
ANPS Care | 220 1.0 0.5353 NA NA
CANPS Anger | 220 2.0 0.1560 NA NA
ANPS Play | 220 1.0 02217 NA NA
ANPS 220 4.0 0.0009** | Yes BPD 1, BPD LI, MDE-R
Sadness +MDE-S >C
ANPS Spirit | 219 0.8 0.5675 NA NA
TCI HA 222 2.4 0.0297* | No BPD I > controls.
“TCINS 222 1.5 0.1730 NA NA
[ 1CIRD 222 1.0 0.1842 NA O INA
TCI Per 222 2.0 0.1764 NA NA
TCLSD 222 2.0 0.0394* | No BPD [ < MDE-R < C
Tcrcoor | 222 2.0 0.0975 NA NA
TCLST 222 1.6 0.1628 NA NA
* p<0.05
#* n<().0]

(' = Controls
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The 22 different personality scales (or sub-scales) listed above constitute a thorough
examination of the construct of personality but with so many scales, the possibility of
false positive results due to multiple testing becomes a concern. Reducing these data
into a few key variables would also facilitate the genetic analyses. A decision was
therefore niade to carry out a PCA on the data (see Table 3.2). Some questionnaires
that have not been discussed at this point are listed in Table 3.2 and these will be

covered in greater detail in Chapter 5. Significant values are highlighted in red.



Table 3.2. PCA: Personality Data.
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Comp.3

Comp.13

Loadings: Comp.1 Comp.2 Comp.4 | Comp.5 | Comp.6 | Comp.7 | Comp.& | Comp.8 | Comp.10 | Comp.11 | Comp.12 Comp.14 | Comp.15

DES -0.244 -0.280 0.154 -0.208 0.200 0.195 -0.202 0.145 -0.228

TEMPS-A DT -0.222 -0.214 -0.194 0.146 -0.108 -0.360 0.209 -0.345 0.135

TEMPS-A CT -0.283 -0.149 -0.126 -0.175 -0.122 -0.141 .33

TEMPS-A HT -0.368 0.251 -0.126 -0.213 0.225 -0.297 -0.217 0.107 0.347

TEMPS-AIT -0.257 0.107 -0.305 0.220 | 0.193 0.2 0.123 0.278 -0.148

T

TEMPS-A AT -0.282 -0.104 -0.219 -0.222 0.102 -0.168 -0.225

HPS -0.223 -0.136 0.290 -0.186 -0.3214 -0.282 0.202

STA -0.272 0.130 0.164 -0.226 0.141

STB -0.283 0.117 -0.122 -0.172 -0.128 0.207 0.108

CTQ emotionai

abuse -0.195 -0.268 -0.252 0.113 0.258 0.107 0.126 -0.153 0.123

CTQ physical

abuse -0.108 -0.354 -0.171 0.117 0.267 0.116 -0.128 -0.38% 0.163 0.29

CTQ sexual

abuse -0.173 -0.272 -0.131 -0.361 0.388 0.428 0.157 0.225 0.293

CTQ emotional

neglect -0.150 -0.307 -0.168 -0.1G5 -0.135 0.145 0.221 -0.130 0.405 -0.197 -0.149

CTQ physicai

neglect -0.125 -0.321 0.116 -0.219 0.315 0.169 -0.244 -0.193 -0.177 -0.263

CTQ denial C.306 0.486 0.307 0.157 0.318 -0.341 -0.155

Seek -0.130 0.413 0.156 0.347 3.305 -0.132 0.253 -0.176 0.232 0.141 -0.187 0.261

Fear -0.243 0.168 | -0.113 0.198 -0.147 -0.234 -0.347 -0.212

Care -0.350 -0.165 0.200 0.217 -0.166 -0.432 -0.127 0.222 0.138 -0.201 0.2 -0.246 -0.286

Anger -0.221 0.245 0.351 0.193 0.222 0.162 -0.145

Play 0.175 -0.145 -0.125 0.308 -0.111 0.209 -0.360 -0.12 0.137 -0.147 0.252

Sadness -0.192 0.125 -0.265 0.103 0.196 -0.176 0.197 0.349 -0.275 0.203

Spirit -0.116 -0.471 -0.110 0.126 0.325 0.238 0.102 -0.227 0.224 -0.254

TCIHA -0.187 0.324 -0.134 -0.174 0.178 -0.148 0.119 -0.13 -0.118 0.181

TCINS -0.146 0.251 -0.373 0411, -0.101 -0.244 0.299 0.121 0.108 -3.266 -0.264 -0.244 |
T

TCIRD -0.485 -0.136 0118 | -0.224 -0.132 0.184 -0.269 0.157 0.128




‘ TCl.Persistence

-0.186

0.555

0175 |

i

0.172 |

-0.508 -0.151 -0,384 0172 !
TCISD 0.2681 0.111 -(.28¢ 0.302 -0.392
gggperativeness 0.185 -.247 -0.275 0.11¢ -0.201 -3.338 -(.206 (.225 0.18
TCIST -0.230 -0.403 -0.225 0.157 .332 -0.103 0.124 -0.334 0.145
Importance of components:

Comp.1 | Comp2 | Comp.3 | Comp.4 ( Comp5 | Comp6 | Comp7 | Comp.8 | Comp8 | Comp.10 | Comp.11 | Comp.12 | Comp.13 | Comp.14 | Comp.15
5D 3.0585 1.875 1.645 1.560 1.238 1.085 0.976 0.840 0.882 0.856 0.800 0.783 0.684 0.662 G.601
% of variance 32% 12% 3% 8% 5% 4% Y 3% 3% 3% 2% 2% 2% 2% 1%
Cumulative 32% 44%, 54% | 62% 67% 71% 75% 78% 80% 83% 85% 87% 89% 90% 92%
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Unfortunately the PCA did not provide clear components that werc usable and made
theoretical sense, and a decision was therefore taken to construct independent super-
variables based largely on theory, but also with some input [rom the PCA. These

super-variables are listed in Table 3.3, below.

Table 3.3. Personality Super-Variables.

Super-Variable. Sub-Components.
Anxicly TEMPS-A DT, TEMPS-A AT, ANPS-
Fear, ANPS-Anger, ANPS-Sadness, TCI-
HA
“Stability TEMPS-A CT, TEMPS-A IT, ANPS-
Anger, STB
Hyperthymia TEMPS-A  HT, HPS, ANPS-Scek, |
ANPS-Play, TCI-NS.
Spirituality ANPS-Carc, ANPS-Spirituality, TCI-RD,
TCI-ST, TCI-Cooperativeness.

For each individual, a standardised super-variable was calculated by re-scaling the
sub-variables so that they all had the same mean and standard deviation, and then
averaging them. A mixed model ANOVA testing the relationship between scores on
these variables and psychiatric diagnosis was carried oul, once again cmploying
family ol origin as a random factor and age, gender, level of depression and level of

hypomanic symptomatology as covariates.

The BPD 1 and MDE-R groups scored significanily higher than controls on the
Anxietly construct ([=3.46, p=0.0029) while the BPD I, BPD II and MDE-R groups

achieved higher scores (indicating lower stability) on the Stability super-variable

There were no significant differences between the diagnostic groups on the

Hyperthymia and Spirituality super-variables. See Table 3.4 for details.
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Table 3.4. Mixed Model ANOVA Results for Personality Super-Variables.

Super- Sample | F- p-value | Significant Nature of
Variable Size value after Relationship
Correction?

Anxiety 236 3.46 | 0.0029*%* | Yes BPD I + MDE-R
> C (more
anxious)

 Stability 236 5.89 | <0.001** | Yes BPD1 BPD2 and
MDE-R>C

Hyperthymia | 237 1.863 | 0.0895 |NA NA o

Spirituality 232 1.294 | 0.2621 NA NA

Based on these results and the above review of the literature a decision was taken to

use five personalily traits as endophenotypes for the genetic analysis: The Anxiety

and Stability super-variables, the HPS, the CT scale of the TEMPS-A, and the NS

scale of the TCI. Theoretically, endophenotypes should be significantly heritable and

the QTDT program was therefore used to calculate familiality scores for the relevant

variables.

Both the Anxiety and Stability super-variables displayed a significant degree ol

lamiliality. See Table 3.5. There was a trend towards significance (or the NS scalc

(*=3.26, p=0.0710) but the HPS and CT do not appear to be highly heritable in this

sample.

Table 3.5. Familiality of Personality Traits as Measured by QTDT.

Trait Chi Square p-value
Anxiety 7.16 0.0075%*

Stability 7.98 0.0047+*
"HPS 0.33 0.5653
TEMPS-A CT 0.52 0.4720
TCINS 3.26 0.0710
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It was decided to also examine the correlations between these putative

endophenotypes using the Spearman’s statistic. The data are listed m Table 3.0,

below.

Table 3.6, Correlations Between the Personality Endophenotypes.

Anxiety
r=0.7513 Stability
r=0.3784 r =0.6386 HPS *
r=0.6399 r=0.8621 r=0.6154 CT
=-0.008 r=0.2144 r=0.4172 r=0.1629 TCI NS

A quantitative linkage analysis using these five personality traits was then carried out
with the QTDT program. Since the vast majority of results did not reach statistical

significance, only significant data will be reported in tabular form.

For the Stability variable, weak evidence of linkage in the total sample to
chromosome 4pl6.1 was obtained with the markers D4S394 (y*=1.09, p=0.2961),
4852983 (x*=5.78, p=0.0162), and D4S1582 (¥*=2.99, p=0.0836). The CT trail was

very weakly linked to 2 out of the 3 chromosome 16 markers typed, with ¥* scores of

respectively. Marker D16S3024 was not associated with CT scores (y*=0.08,

p=0.7839). Sce Table 3.7, below.

Table 3.7. Linkage Data in Full Sample.

| Marker Stability CT

D4S394 = 1.09 (p=0.2961) NS

D4S2983 =578 (p=0.0168) NS

D4S1582 ¥*=2.99 (p=0.0836) NS

D1653024 NS +*=0.08 (p=0.7839)
D16S3027 NS ¥7=3.29 (p=0.0629)
D16S3088 NS =287 (p=0.0902)
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There was no statistically significant linkage between the personality endophenotypes
and the 25 polymorphic markers in cither the British or the Afrikaner ancestry
samples. Nevertheless, in family 30, therc was a strong association between NS and
all three markers on chromosome 13¢q32. The data are listed in Table 3.8, below. A
weak association between one ol the chromosome 22 markers and Anxiety was also

observed.

Table 3.8. Linkage Between Family 30 and Personality Endophenotypes.

Marker Anxiety TCI NS

D13S1298 NS 1=7.63 (p=0.0058)

D13S1271 NS 12=7.83 (p=0.0051)
‘DI3S1284 NS ¥=5.52 (p=0.0188)

225421 v?=1.93 (p=0.1650) NS

D22S315 v2=2.27 (p=0.1323) NS

D22S1164 $7=3.83 (p=0.0503) NS

The QTDT association analysis produced more positive results. The 4R allele of the
DRD4 VNTR polymorphism and the 6R allele of the Notch4 CTG exon 1
microsatellitc were associated with higher Anxicty scores in the cohort of Afrikaner
origin. No other associations reached statistical significance although there were some
trends towards significance in the vartous samples. Details are displayed in Tables
3.9-3.11, below. Significant results are shown in bold-type and trends towards

significance (p<<0.1) are displayed in ttalics.




Table 3.9. Results of QTDT Genetic Association Analysis All Pedigrees: Anxiety.

Variant N | Chi Square p-value | Risk Allele
COMT 229 | 1.65 0.1990 | NA
5-HTT LPR 230 | 3.48 0.0622 | Short
SERT VNTR 228 | 3.03 0.2202 | NA
DRD4 VNTR 229 [831 0.0808 | 4R
D4 120 225 10.02 0.8920 | NA
DRD2 221 | 0.8l 03668 | NA
DAT 229 | 5.14 0.0766 | 10R
BDNF 231 | 0.50 0.4778 | NA
 Apol 227 256 0.2780 | NA
Notch4 223 | 4.87 04322 | NA
Prion 226 | 2.80 0.0945 | Met

Table 3.10. Results of QTDT Association Analysis. Afrikaner Pedigrees. Anxiety.

Variant N Chi Square p-value | Risk Allele
COMT 125 022 0.6359 | NA
5-HTT LPR 125 | 2.01 0.1564 | NA
SERT VNTR 124 | 1.59 04514 | NA
DRD4 VNTR 124 | 12.19 0.0160% | 4R
D4 120 123 098 0.3229 | NA
DRD2 121 | 1.86 0.1722 | NA
DAT 125 | 2.19 0.1385 | NA
BDNI 126 | 1.15 0.2820 | NA
“ApoE 124 | 2.78 0.2493 | NA
‘Notch4 122 | 13.83 0.0079%* | 6R
| Prion 125 | 2.53 0.1118 | NA
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Table 3.11. OTDT Association Analysis British Ancestry Pedigrees. Anxiety.

| Variant N Chi Square | p-value | Risk Allele
COMT 86 | 3.00 0.0832 | Val
S-HTT LPR 88 [ 1.17 0.2800 | NA
SERT VNTR 87 (038 0.8251 | NA
DRD4 VNTR 88 |0.87 0.4090 | NA
D4 120 85 |0.87 0.3500 | NA
DRD? 83 0.0l 09129 | NA
DAT 87  [2.36 0.1248 | NA -
"BDNF 88 [ 0.00 1.0000 | NA
ApoE 86 [0.14 09322 | NA
Notch4 84 |4.02 0.4036 | NA )
Prion 84 (0.1 0.7347 | NA

The val allele of the COMT Vall58Met SNP was associated with higher Stability
scores (a more unstable personality) in both the overall (4*=8.47, p=0.0045) and the
British ancestry (x*=7.43, p=0.0064) samples. In the Afrikaner ancestry cohort both
BDNF (y*=4.34, p=0.0373) and Notch4 (¥*=20.60, p=0.0004) were associated with
Stability, while in the cohort of British origin the DAT VNTR returned signilicant
results (x>=10.54, p=0.0012). Details are listed in Tables 3.12-3.14.



Table 3.12. QTDT Association Analysis. All Pedigrees: Stability.

Variant N Chi Square | p-value | Risk Allele
COM1 229 |8.07 0.0045%* | Val
S-HTT LPR 230 | 0.68 0.4109 | NA |
| SERT VNTR 228 [ 0.19 0.9095 | NA

DRD4 VNTR 229 1265 0.6172 | NA

D4 120 225 [ 0.19 0.6641 | NA

DRD?2 221 | 0.44 0.5056 | NA

DAT 229 576 100561 | 10R
BDNI 231 | 2.48 0.1152 | NA

ApoE 227 1038 0.8288 | NA
Notchd 223 6.02 0.2504 | NA

Prion 226 | 0.87 0.3499 | NA

Table 3.13. QTDT Association Analysis. Aflrikaner Sample: Stability.

“Variant N Chi Square | p-value | Risk Allele
COMT 126 |{2.07 0.1021 | NA
5-HTTLPR 126 | 1.66 0.1982 | NA
SERT VNTR 125 1 0.11 0.9455 | NA
DRD4 VNTR 125 |3.57 0.4668 | NA
D4 120 124 10.10 0.7577 | NA
DRD2 122 1050 0.4811 | NA
DAT 126 |0.53 0.4653 | NA ’
BDNF 127 | 4.34 0.0373* | val o
ApoE 227 | 256 0.2780 | NA
Notchd 123 | 20.60 0.0004** | 6R
Prion 126 [0.16 0.6931 | NA




Table 3.14. QTDT Association Analysis. British Ancestry Sample: Stability.

Variant N Chi Square p-value | Risk Allele
COMT 86 | 7.43 0.0064%* | Val
5-1ITT LPR 88 |0.10 0.7565 | NA

| SERT VNTR 87 |3.10 02119 | NA

DRD4 VNTR 88 | 0.32 0.9885 | NA

D4 120 85 | 0.80 03527 | NA

DRD2 83 [0.05 0.8273 | NA

DAT 87 | 10.54 0.0012** | 10R
BDNF 88 |0.07 0.7948 | NA
Apok 186|112 0.5701 | NA
Notchd 84 | 2.04 0.6206 | NA :
Prion 84 (.93 0.3343 NA

The val allele of the Valo6Met BDNE polymorphism was significantly associated
with higher HPS scores in both the overall (x*=5.93, p=0.0149) and Afrikaner
ancestry (¢*=9.87, p=0.0017) sample. The Notch4 and the DAT variants were
significantly associated with hypomanic personality (raits in the Afrikaner (y*=13.83,
p=0.0079) and British ancestry cohorts (14.40, p=0.001), respectively. Details are
available in Tables 3.15-3.17.
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Table 3.15. QTDT Association Analysis. All Pedigrees: HPS.

Variant N Chi Square | p-value | Risk Allele
COMT 225 | 1.30 0.2551 NA
S-HTT LPR 226 | 1.80 0.1792 NA
SERT VNTR 224 1 0.45 0.7985 NA
DRD4 VNTR 225 | 1.40 (0.8437 NA
D4 120 221 1.59 0.2069 NA
DRD2 217 | 1.28 0.2576 NA
DAT 225 | 0.72 0.6965 NA
BDNF 227 | 5.93 0.0149* | Val
ApokE 223 | 2.68 0.2623 NA
Notch4 219 | 4.50 0.4725 NA
Prion 222 | 0.62 0.4317 NA

Table 3.16. QTDT Association Analysis. Afrikaner Sample: HPS

Variant N Chi Square p-value | Risk Allele
COMT 125 10.08 0.7779 NA

S-HTT LPR 125 | 1.31 0.2525 NA

SERT VNTR 124 | 2.64 0.2068 NA

DRD4 VNTR 124 | 1.80 0.7718 NA

D4 120 123 1.20 0.2743 NA

DRD2 121 0.81 0.3668 NA

DAT 125 | 1.60 0.2053 NA

BDNF 126 | 9.87 0.0017** | Val

Apoll 124 | 1.77 0.4132 NA
Notch4 122 | 13.83 0.0079** | 6R and 10R
Prion 125 | 0.38 0.5362 NA
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Table 3.17. OQTDT Association Analysis. British Ancestry Pedigrees: HPS.

Variant N Chi Square | p-value | Risk Allele
COMT 84 0.54 0.46006 NA
S-HTT LPR 86 1.75 0.1854 NA
SERT VNTR 85 1.66 0.4357 NA
DRD4 VNTR 86 438 0.3572 NA
D4 120 83 2.27 0.1322 NA
DRD?2 81 1.68 0.1943 NA
DAT 85 14.40 0.0001** | TOR
BDNF 86 0.35 0.5543 NA
ApoE 84 1.22 0.5445 NA
Notch4 82 0.42 0.9811 NA
Prion 82 0.03 0.8721 NA

As far as the CT association analysis was concerned, only the DAT VNTR showed
any significant association with cyclothymic personality traits, and this was in the
British ancestry sample (y*=4.15, p=0.0417). The results are listed in Tables 3.16-
3.18.

Table 3.18. QTDT Association Analysis. All Pedigrees: TEMPSA-CT.

Variant N Chi Square p-value Risk Allele
COMT 213|342 0.0643 Val
5-HTTLPR 215 034 0.5622 NA
SERTVNTR 213 059 0.7441 NA
D4 VNTR 214|210 0.7110 NA
D4 120 210 | 0.07 0.7845 NA
D2 208 | 0.03 0.8672 NA
DAT 214 | 4.70 0.0956 10R
BDNF 205 | 0.01 0.9086 NA
Apols 212|049 0.7846 NA
Notch4 209 | 3.44 0.6332 NA
Prion 210 | 0.68 0.4106 NA
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Table 3.19. OTDT Association Analysis. Afrikaner Sample: TEMPS-A CT.

Variant N Chi Square p-value | Risk Allele
CoMT 119 | 1.04 0.2007 NA
S-HTT LPR 120 | 0.02 0.8988 NA
SERT VNTR 119 1 0.05 0.9746 NA
D4 VNTR 119 ] 3.63 0.4591 NA
D4120 118 10.52 0.4722 NA
D2 117 021 0.6447 NA
DAT 120 | 0.21 0.6460 NA
BDNF 120 | 2.17 0.1406 NA
Apol] 119 | 1.02 0.6012 NA
Notch4 118 | 9.25 0.0553 6R
Prion 119 1048 0.48806 NA

Table 3.20. OTDT Association Analysis British Ancestry Sample: TEMPS-A CT.

Variant N Chi Square p-value | Risk Allele
CoMT 77 1.04 0.3074 NA
S-HTT LPR 79 0.30 0.5845 NA
SERT VNTR 78 2.80 0.2468 NA
D4 VNTR 79 1.29 0.8631 NA
D4 120 79 0.00 0.9733 NA
n2 75 0.31 0.5784 NA
AT 78 4.15 0.0417* | 10R
BDNF 79 3.39 0.0657 NA
ApoE 77 1.85 0.3966 NA
Notchd 75 3.39 0.4942 NA
Prion 75 0.43 0.5128 NA
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The val allele of the BDNF variant was associated with a tendency towards novelty-
secking personality traits in both the overall (¥*=5.08, p=0.0242) and British ancestry
samples (y*=4.40, p=0.039). None of the other variants reached statistical

signilicance. Scores are listed in Tables 3.21-3.23, below.

Table 3.21. QTDT Association Analysis. All Pedigrees: Novelty Seeking.

Variant N Chi Square p-value | Risk Allele
COMT 213 1093 0.3339 NA
5-HTT LPR 215 | 0.36 0.5492 NA
SERT VNTR 213 1 0.22 0.8976 NA
D4 VNTR 214 [3.52 04753 | NA
D4 120 210 ]0.31 0.5755 NA
D2 206 | 0.72 0.3948 NA
DAT 214 1 0.29 0.8632 NA
BDNF 215 | 5.08 0.0242* | val
ApoE 212 | 0.51 0.7765 NA
Notch 208 | 5.34 0.3762 NA
Prion 210 1.91 0.1671 NA

Table 3.22. OTDT Association Analysis. Afrikaner Sample: TCI NS.

Variant N Chi Square p-value | Risk Allele
COMT 116 | 0.05 0.8241 | NA
5-HTT LPR 117 | 0.00 0.9853 | NA
SERT VNTR 116 | 1.36 0.5064 | NA
D4 VNTR 116 |3.93 0.4158 | NA
D4120 115 |0.14 0.7115 | NA
D2 113|337 0.0665 | A2
DAT 117 |3.05 0.0806 | 9R
BDNF 117 | 1.21 0.2710 | NA
Apol 117 |3.16 0.2055 | NA
‘Notch4 114 | 4.20 03802 | NA
Prion 116 | 1.01 03142 | NA
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Table 3.23. QTDT Association Analysis. British Ancestry Pedigrees: TCI NS.

“Variant N Chi Square | p-value | Risk Allele )
CoOMT 81 3.01 0.0526 Val
S-HTT LPR 83 1.19 0.2759 NA
SERT VNTR 82 0.41 0.8136 NA
D4 VNTR 83 3.17 0.5298 NA
D4 120 80 0.20 0.6572 NA
D2 78 1.06 0.3029 NA
DAT 82 2.11 0.1467 NA
BDNF 82 4.40 0.0359% | val
Apols 81 4.88 0.0871 NA

Notchd 79 | 7.72 0.1025 | NA
Prion 79 1 0.04 0.8336 | NA

In order to examine whether the MAO-4 promoter VNTR exerted any significant
effect on the development of the personality endophenotypes, a mixed-model
ANOVA controlling for age, gender, cthnicity, sell-reported symptoms of depression
and mania was carried out on the data. Family of origin was used as a random factor
to control for the relatedness of individuals as advised by Goncalo Abecasis (Abecasis
2005, personal communication). The only result that reached statistical significance
was an assoctation between the MAO-4 VNTR polymorphism and HPS score in the

cohort of Alfrikaner origin. The low activity alleles (2R, 3R + 5R) were associated

statistical significance in ecither the {ull (1=-1.300, p=0.1953) or British ancestry
(=0.4306, p=0.6641) cohorts.




3.7. Discussion.

3.7.1. Personality Traits in BPD Affective Disorder.

A mixed model ANOVA controlling for a number of covariates was used to compare
personality traits across the various diagnostic groups (sce Table 3.1). As [ar as the
TEMPS-A 1s concerned highly significant differences were observed between the
groups with the BPD I and MDE-R samples scoring higher than controls on the CT
(F==5.34, p<0.0001) and the BPD I, BPD II, and MDE-R groups achieving higher
scores than controls on the I'T scale (F=5.52, p<0.0001). The MDE-R but not the BPD
samples scored higher than controls on the AT inventory (F=2.35, p<0.05). Here

controls refer to unaffected relatives as an unrelated control group was not sampled.

The results of Evans et al. (2005), Mendlowicz et al. (2005), and Nowakowska et al.
(2005) who {found that BPD patients scored higher than their unaffected relatives on
the CT and IT subscales ol the TEMPS-A have been replicated here. Evans et al.
(2005) and Nowakowsak ct al. (2005) also reported that their unipolar depression
group scored higher than unaffected relatives on these subscales echoing the results of
this study. Nevertheless, these authors reported significant differences between BPD
and control subjects on the DT and AT subscales, which werc not observed in the
UCT sample. One of the possible reasons for this is the failure of Evans et al. (2005),
Nowakowska et al. (2005) and Mendlowicz et al. (2005) to control for mood state at
the time of testing. As discussed in section 3.2 many personality measures have been
shown to be sensitive to depressive symptomatology and the DT scale appears to
conform to this rule. The AT is probably also sensitive to the effects of mood but this
does not explain why the BPD group of Evans et al. (2005) achieved significantly
higher scores on this scale than their unipolar group while the reverse pattern was

obtained in the UCT sample.

The most glaring divergence from reports in the literature is the failure of the CT
scale to differentiate between the BPD Il group and unaffected relatives in this study.
Kochman et al. (2005) studied 109 consecutive admissions to a child and adolescent

psychiatry unit and showed that a cyclothymic temperament as evinced by the CT
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predicted a later diagnosis of BPD [I. Another French study compared 250 patients
with major depression and argued that a CT was a significant marker of a latent BPD
Il disorder (Hantouche et al. 1998). Both of these studies are longitudinal in nature
and unfortunately neither Evans et al. (2005), Mendlowicz et al. (2005) nor
Nowakowska et al. (2005) differentiated between BPD I and BPD I disorder in their
analyses so that no comparable cross-scctional study is available with which the
results of this thesis can be judged. Besides the dillerences in methodology, there are
a number of other possible explanations for the non-significant finding in the UCT

BPD 11 group.

BPD Il is a difficult diagnosis to make because of the subjective nature of hypomanic
symptomatology and is therefore probably one of the least reliable diagnoses in
psychiatry. The Paris and San Diego groups may have been inclined to include a
“softer” profile of patients in their BPD Il groups than permitted by a strict
interpretation of the DSM-1V. Since the MDE-R group which presumably includes a
good percentage of these “soft” BPD patients scored significantly higher than healthy
relatives on the CT, this may account for the discrepancy in results. Another possible
basis for the negative result is a lack of statistical power to detect a genuine effect

because of the small size of the BPD 11 sample (N=21).

The most statistically significant finding was the very strong association between

data confirm the results of Kwapil et al. (1998) who followed up 40 individuals with
scores above 1.82 standard deviations (SD) trom the mean and 40 controls with scores
below 0.5 SD from the mean out of a total sample of 2 500 students who had
completed the HPS in 1982. Twenty-five percent of the high scoring group and 0% of
the control group were diagnosed with BPD in the intervening years. Meyer and
Hautzinger (2003) tested an independent sample of 224 students and replicated these
results with approximately 20% of the high scoring individuals and 1% ol the low

scoring group receiving a diagnosis of BPD.

The UCT BPD and MDE-R groups displayed clevated levels of anxiety-related traits

cven afler controlling for levels of depression at the time of testing (see Table 3.3).
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The BPD I and MDE-R groups scored higher than controls on the Fear subscale of
the ANPS (F=3.0, p<<0.05) while the BPD 1 group scored higher than controls on the
TCI HA scale (F=2.4, p<0.05). All the patient groups (except for the miscellancous
category) received signilicantly higher scores than the controls on the ANPS Sadness

scale (F=4, p<0.01).

No study has attempted to characterise BPD and unipolar individuals with the ANPS,
nevertheless these results are to be expected given the strong correlations between
I'ear, Anger and Sadness, and neuroticism as defined by the FFM (see section 3.5.3).
The association between HA and BPD has been replicated many times in the literature
(Evans et al. 2005; Engstrom et al. 2004; Nowakowska et al. 2005) but it was
surprising that the MDE-R group did not differ significantly from the control group
on this measure. Both Evans ct al. (2005} and Nowakowska et al. (2005) reported that
their unipolar depression groups showed elevated HA scores compared 1o unaffected
relatives and the UCT unipolar depressives were characterised by clevated scores on

the Fear and Sadness ANPS subscales.

Another unexpected finding was the non-significant group differences on scales
which measure appetitive drive such as Seek and NS. Young et al. (1995) tested 45
consceutive BPD individuals at an out-patient unit with the Tridimensional
Personality Questionnaire (TPQ) (a forerunner of the TCI) and reported clevated NS
scores among the patients in comparison to healthy controls. Both Nowakowska et al.
(2005) and Evans et al. (2005) found elevated NS scores to be characteristic of their
paticnt groups but the cffect was much smaller than observed in the case of HA.
These authors, however included a healthy control group as well as a group of
unaffected relatives and in the case of the Nowakowska et al. (2005) study, the
significant difference in NS scores was between the BPD group and unrelated controls
rather than unaffected relatives. Unlike previously published rescarch, hypomanic
symptomatology which may lead to elcvated scores on scales that measure novelty-
secking traits has been controlled for. This could also account for the differences in
results. Alternatively, the TPQ measure of NS may differ psychometrically from the

more modern TCI used in this study.
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The other TCI measurc that differed between the groups was SD with the BPD T and
MDIE-R groups scoring lower than controls (F=2.0, p<<0.05). This finding is congruent
with the data of Nowakowska et al. (2005) and Evans et al. (2005) who also reported
reduced SD scores in their BPD and unipolar samples. In addition, Engstrom et al.
(2004) tested 100 euthymic BPD patients and controls and detected lower SID and C
scores in the patient sample. There was a trend towards reduced C in this sample
(F=2.0, p=0.0975). Cloninger et al. (1998) has proposed that individuals low in SD
and cooperativeness tend to have dependent or depressive personalities characterised

by immature, submissive and emotionally reactive behaviours.

The BPD I, BPD II, and MDE-R groups scored significantly higher than their
unaffected relatives on the STB (F=4.29, p<0.01). The STB cannot provide a clinical
diagnosis of borderline personality disorder but it does tap traits associated with the
condition. A PCA yielded two factors: hopelessness (dejection, thoughts associated
with suicide and self-harm) and impulsiveness (sell-destructive behaviour such as

physical aggression towards others and alcohol abuse) (Rawlings et al. 2001).

People with borderline personality disorder are affectively unstable and present with
dysphoric episodes of anger, irritability, suicidal and other impulsive behaviour, as
well as depression and transicnt psychotic symptoms (APA 1994). Between 4 and
20% of borderline individuals are co-morbid for BPD and not surprisingly some
researchers have argued that there is a strong link between borderline personality
disorder and mood disorders (Widiger and Trull 1991). Personality disorders are
common in BPD samples with the incidence ranging [rom 3-80% depending on the

study quoted (Brieger, 2000; Vieta ct al. 1997; Peselow et al. 1995).

A perusal of Table 3.1 indicates that the other interesting aspect of the results of this
thesis is the divergent characteristics of the MDE-R and MDE-S group. The former
sample resembled the BPD cohort, particularly the BPD I group on many facets of
personality while the MDE-S group did not differ significantly from controls. These
results are not a function of sample size (67 MDE-R versus 52 MDE-S) and strongly
suggest that relatives of BPD probands who suffer from multiple episodes of

depression, share genetic risk factors with their BPD relatives while in those
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individuals with only one life-time episode of major depression environmental risk
factors arc likely to be more salicnt. These data support the author’s strategy of
labelling MDE-R but not MDE-S participants as affected in the binary linkage and

association analyses described in Chapter 2.

The one weakness of this section of the study was the absence of a control group
consisting of healthy unrelated individuals. The presence ol an unrclated control
group would have allowed more detailed comparisons with the data of Evans et al.
(2005) and Nowakowska et al. (2005) to be made. [t would have also allowed the
author to tcst whether the sample of unaffected relatives scored midway between
affected patients and background controls as is predicted of an endophenotype.
Unfortunately, because this was a genetic study the emphasis lay in the recruitment of

bipolar probands and their family members.

Nevertheless, the observed inter-group differences in scores on the comprehensive
battery of personality measures employed in this study have reinforced the author’s
hypothesis (which was based on a review of the literature) that certain personalily
traits aggregate in people with BPD spectrum illness and may therefore be used as
endophenotypes for genetic investigations. Unfortunately testing for genetic linkage
and association with each one of these personality traits is not only impractical but

may lead to false-positive results through multiple testing.

In order to ameliorate this problem, personalily super-variables were developed based
on the hypothetical constructs measured by the various scales (see Table 3.3). The
Anxiety construct which included scales like the TEMPS-A AT, the ANPS Fear, and
the TCI HA, was significantly associated with affective illness (I=3.46, p<0.01).
Since significant differences were apparent between the groups on most of the
subscales comprising Anxiety, it was no surprise that both the BPD I and MDE-R
groups were more “anxious” than their unaffected relatives (F=3.46, p<<0.01). It is
unclear why the BPD Il group did not show the same effect and as hypothesised

previously it may be an issue of sample size.

The super-variable labelled “Stability” which i1s comprised of cyclothymic, borderline

and irritable personality traits was also very strongly associated with affective illness.



up the Hyperthymia trait are highly significantly associated with BPD (for example
the HPS), most of the others like Seek show no trend towards statistical significance
whatsoever. Clearly, the HPS is measuring a very different trait from the rest of the
Hyperthymia variables. The personality dimension Spirituality, showed no statistical
evidence of association with any of the patient groups (F=1.294, p=0.2621) and was

not considered for the genetic analyses.

Based on the ANOVA results for the personalily variables and the above review of
the literature, five personality traits were selected for the genetic analyses: Anxiety,
Stability, TEMPS-A CT, HPS, and TCI NS. The Anxiety and Stability variables are
good general summaries of anxiety-related and impulsive-trritable-mood labile traits
measurcd by the battery of tests. Nevertheless, the author was reluctant to rely solely
on these somewhat diffuse measures of personality and thus included three sub-scales

{rom the original battery.

Although the CT scale is represented in the Stability variable, a host of studies have
reported associations between scores on the C'T scale and BPD spectrum illness (sec
section 3.2), and in fact both Perugi and Akiskal (2002) and Chiaroni et al. (2005)
have suggested that the scale be used as an endophenotype for genetic studies of BPD.
The CT was also very strongly associated with BPD and major depression in the UCT

sample and therelorc included as an endophenotype.

The HPS was selected because of its robust association with BPD and major
depression in the current study as well as the literature. As mentioned in section 3.2,
the scale has also been shown to predict which individuals go on to develop BPD

related illnesses.
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Finally the NS sub-scale of the TCI was selected as an endophenotype based on data
indicating increased levels of extraversion and tendencies towards novelty-seeking

behaviour in people with BPD (see section 3.2).

A perusal ol Table 3.6 indicates that the majority of variables were significantly
correlated with each other and this is one potential weakness of the study.
Nevertheless, the square of the rho values which estimates the degree to which the
variance explained by different questionnaires overlap, indicates that even highly
correlated personality endophenotypes differ substantially from each other. For
example the correlation between CT and Anxicty is 0.64 but this means that there is
only 40% overlap in the variance explained by these two traits. A decision was

therefore made to use all (ive personality variables in the genetic analyses.

As was discussed in section 3.1, Gottesman and Gould (2003) note that a trait must
have a genetic basis in order for it to be a useful endophenotype. On a purely
philosophical level, an a priori argument based on evolutionary reasoning can be
made that all personalily traits are at least partly genetic (Buss 1991; Turkheimer
1998). Nevertheless, it is the degree of genetic influence that is important for the
evaluation of prospective endophenotypes. This cannot be measured directly but
rather inferred with heritability estimates. Heritability refers to the extent to which
genetic variation accounts for the phenotypic variation in a trait. Herc variation is

nominally equivalent to statistical variance so that in mathematical terms:

where V(g)=genetic variance, V(p)= phenotypic variance, V(e)=environmental

variance, and V(i)=variance due lo gene-environment interactions.

In the absence ol gold-standard twin and adoption studies, the best way to estimate
heritability is 1o ask whether the degree of similarity between family members for a
particular trait is explained by the extent of their genetic relatedness. 11 other words,
when personality trait values correlate more strongly among closely related
individuals than distantly related individuals this may be due to shared genectic factors.

Technically however, this measure is not a true heritability scorec because closely
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related people are more likely than distantly related individuals to be exposed to the
same environmental influences (McCrae et al. 2001). Nevertheless, examination of
the mtra-familial covariance of the five sclected personality variables, Anxiety,
Stability, CT, HPS, and NS, provides a useful estimate of their promisc as

endophenotypes.

Both the Anxicty (F=7.16, p<0.001) and Stability (F=7.98, p<0.001) super-variables
showed high levels of lamiliality, and a trend in the same direction was apparent for
novelty-sceking behaviour (F=3.26, p=0.0710). On the other hand, scores on the
personality scales HPS and CT were not more correlated among closely related
individuals within pedigrees and this suggests that these traits may be strongly
influenced by non-shared environmental factors. Nevertheless because these data are
not reflective of a true heritability analysis (twin or adoption study) the findings

should be interpreted with caution.

3.7.2. Linkage Analysis.

The evidence of linkage to the Stability trait that was obtained at the markers D4S394
(r*=1.09, p=0.2961), D48S2983 (¥*=5.78, p=0.0162), and DA4S1582 (y¢*=2.99.
p=0.0836), suggests the possible presence ol a locus in this region that mediates the
risk ol developing unstable personality traits. Nevertheless, the weakness of the
linkage statistic is most likely indicative ol a falsc peak at D4S2983. 1f these data are
accuratc however it underlines the difficully of detecting linkage to variants that are

likely to be common and therefore exert a small phenotypic effect.

In the full sample, the CT trait was very weakly linked to 2 out of the 3 chromosome
16 markers typed, with ¢* scores of 3.29 (p=0.0699) and 2.87 (p=0.0902) at the
markers D16S3027 and D16S3088, respectively. Again given the weakness ol the
linkage statistics this is most likely a false positive finding but it would bc useful to

type additional markers in the region at a future date.

The best evidence for linkage was at 13q32 where the personality endophenotype NS

was significantly associated with all three markers typed in this location in family 30.
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These data are interesting because there was no evidence of linkage between NS and
13932 in the total Afrikaner and British ancestry samples. If this result is valid, then it
indicates that there is a variant in the 13932 region that exerts a large effect (hence
detectable by linkage analysis) on the development of novelty-secking related traits in
this family only. In other words, it suggests that personality traits may also be
genetically heterogeneous. This issue is elaborated upon in Chapter 6. In addition, no
significant evidence of linkage was detected in pedigree 30 in the binary linkage
analysis (see Chapter 2) but this may be due o the fact that the subtype of BPD [ound
in this lamily is not underpinned by strong hypomanic or noveltly seeking-related
tendencies. It would be easy to dismiss the 13q32-NS linkage as a false positive
{inding but the fact that all three markers were highly significant suggests to the

author the possible presence of a genuine personality QTL.

As mentioned in Chapter 2, the region around 13932 has been linked to BPD on a
number of occasions. Park et al. (2004), Detera-Wadleigh et al. (1999) and Liu et al.
(2001) all detected significant linkage peaks at 100 Mb, approximately 2 Mb distal to
the potentially significant markers in this study, while Kelsoe et al. (2001) reported a
parametric LOD score of 2.4 at 95 Mb, 3 Mb proximal to these linkage findings. The
same region has also been implicated a number of times in schizophrenia. Lin and
Bale (1997) reported a LOD score of 2.58 while Blouin et al. (1998) detected a
maximum [LOD score of 3.6 in a genomc-wide scan of a large number of

schizophrenia pedigrees.

The potentially genuine association between 13q32 and NS not withstanding, how can
the general absence of linkage to the five personality endophenotypes be explained in
light of the positive results obtained in the binary linkage (see Chapter 2) and
quantitative association analyses? At first glance one would expect the statistically
powerful quantitative linkage analysis to produce even stronger findings than the
traditional approach but the data need to be inlerpreted in terms of the underlying

biology.

linkage analyses in general are designed to detect genetic changes that have a large
effect size while all types of association analyses including the QTDT are able to

detect much smaller genetic effects (Abecasis 2005, personal communication).



140

Personality i1s most likely a normally distributed trait reflecting the actions of many
genetic variants of relatively small effect, hence the positive results obtained with the
QTDT association analysis but the absence of detectable linkage. Following this
rcasoning, replicated reports of linkage to BPD in the literature (and indecd the binary
analysis) must reflect the actions of relatively rare variants that exert a large effect on
the risk of developing BPD. In other words, if onc accepts the validity of large
swathes of the genetic association and linkage literature, one should concede the point
that both rare variants and common polymorphisms contribute to the development of

BPD. This issuc will be followed up in Chapter 6.

3.7.3. Association Analysis.

The results of the family-based association analyses were more promising. A
summary ol the findings from the large numbers of tables presented in section 3.6 can
be found in Table 3.24. The data in Table 3.24 include the analysis of the sample
without family 30 but for the sake of brevity, these data are not displayed in the
results section. Each genetic variant will be covered separately in the discussion

which follows below.



Table 3.24

(8]

. Summary of Association Findines.

COMT | 5-HTT | SERT VNTR | D4 VNTR | D4-120  DRD2 | DAT | BDNF | ApoE | Notch4 | Prion | MAO-A
Anxiety All | X T X T X X X X X X T X
Anxiety Ay | X X X X X T X X X X
Anxiety Brit | T X x X N X X X X X X X

Anxiety -30 | v N X X X T X X X X No test
Stability All |V X X X X X T X X X X X
X X X X X X X X X X
X X X X X X X X X X

Stability -30 | V X X X X X v X X X X No test
HPS All X X X X X X X N X X X X
HPS AR X X X X X X X X X
MPS Brit X X X X » X + X X BN X

HPS -30 X X X X X X X N X X X No test
CT All T X X X X X T X X X X X
CT Afi X X X X X X X X X X X
O Bri X X X X X X T X X X X

CT -30 v X X X X X X X X X No test
NS All X X X X X X X N X X X X
NS Af X X X X X T T X X X X X
NS Brit T X X X X X X X X X X

NS -30 X X X X X X X N X X X No test
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X = No evidence for association.
\ = Statistically significant (p<0.05).

T = Trend towards significance (p<0.1)




143

COMT.

The COMT V158M variant was significantly associated with anxiety in the sample
sans family 30 (y*=4.82, p=0.0281), and a trend in the same direction was observed in
the British ancestry group (}*=3.00, p=0.08) with the va/ allele associated with higher
anxiety scores. These data are congruent with the results of McGrath et al. (2004) who
reported an association between the val/val genotype and phobic anxiety (OR=1.99)
as evinced by the Crown-Crisp phobic anxicty scale. Eley et al. (2003) dctected a
trend towards higher peer-rated neuroticism scores among val allele carriers, but
among male study participants only. On the other hand, Enoch et al. (2003) found that
75 female Caucasian met/met homozygotes displayed higher HA scores than their
counterparts, and a small study comparing 51 Korean panic disorder patients and 45
controls reported an excess of the met allele in the patient group (Woo et al. 2002).
Further support for a role for COMT in anxiety-related traits is derived from Hamilton
et al’s (2002) study where linkage to markers around the COMT locus was reported in

a sample of panic disorder patients.

The COMT V158M varianl was also very strongly associated with the impulsive-
irritable-mood labile trait, Stability in the overall sample both with and without family
30 (x*=8.07, p=0.0045; »*=10.80, p=0.0010), and the British ancestry subgroup
(x>=7.43, p=0.0064). The CT scale which forms part of the Stability variable was
itself associated with COMT (x*=7.42, p=0.0065) when family 30 was removed from

the analysis.

The COMT variant has been implicated in aggressive, self-destructive and suicidal
behaviour (see Savitz et al. 20006¢). Most of these studies have however, reported an
association between the low activity met variant and violence. Nolan et al. (2000)
found that met allele was over-represented in schizophrenics with a history of violent
suicide attempts and at least three studies have found this allele to be associated with
violent and antisocial behaviour among this population (Strous et al. 1997; Lachman
et al. 1998; Kotler et al. 1999). In contrast, Jones et al. (2001) found that val/val
homozygotes with schizophrenia showed higher levels of self-reported aggression

than their heterozygote counterparts. Can the results of this thesis together with those
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of Jones et al. (2001) be reconciled with the strong reported association between

violent suicide and the low activity met allele?

Rujescu et al. (2003) may have provided a solution. The authors found that their
sample of valAval carriers scored higher on a self-reported anger questionnaire, but
that the met allele was more common among violent suicide attempters. Rujescu ct al.
(2003) reasoned that the low activity homozygotes express their anger more
outwardly, while the val/val homozygotes internalise their anger and hence report
more antagonistic feelings when questioned. In other words, irritable-impulsive-mood

labile individuals do not necessarily engage in violent and anti-social behaviour.

Therc was a very weak association between COMT and NS in the British ancestry

tendencies. This may well be a false positive result although a more robust association
may be disguised by gene-gene interactions: Strobel et al. (2003) showed that NS
scores are higher in individuals with the 7R allele of the DRD4 VNTR, but only in the
presence of the fong 5S-HTTLPR allele and the va//val COMT genotype.

S-HTTLPR.

An association between the SERT S-HTTLPR polymorphism and anxiety-related
personality traits (3*=6.78, p<0.01) was detected in the overall sample when family 30
was excluded from the analysis. The short allele was associated with higher anxiety
scores. A trend in the same dircction was observed when family 30 was included in

the analysis (x*=3.48, p=0.0622).

Lesch et al. (19906) first reported an association between neuroticism as measured by
the FFM and the short 5S-HTTLPR allele and this finding has since been replicated
many times (see Savitz and Ramesar 2004). The focus has now moved to identifying
the necurobiological pathways that mediate this trait. Hariri et al. (2002) found that
relative 1o individuals homozygous for the lorng 5-HTTLPR allele, carriers of the
short allele exhibit increased activity in the right amygdala in response to fearful

stimuli. The dilferential processing of affective stimuli among carriers of the short
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allele was replicated by Battaglia et al. (2005) who found that children with this
variant showed a pattern ot reduced cortical but increased subcortical activity during
the processing of hostile facial cues. The increased subcortical or amygdaloid activity
appears to be due to a “short-circuit” of an amygdala-cingulate negative feedback

loop that normally acts to extinguish anxiety (Pczawas et al. 2005).

The 5-HTTLPR-anxiety association was expected given the extensive literature on the
topic, and in fact 1t was surprising that the relationship was not more robust. The
author suspects that the conservative approach of controlling for depressive and
anxious symptomatology adopted here attenuated the relationship between the two
variables. Theoretically an endophenotype should be associated with the disorder of
interest in the absence of any psychiatric symptomatology and hence the extensive use
of covariate modelling. The situation is more complex, however when one 1s using
self-report measures of symptomatology because individuals with high trait anxiety
(short allele carriers) are also likely to report higher levels of state anxiety and thus

controlling for state effects is probably overly conservative.

A signilicant association between BDNF and hypomanic personality traits as evinced
by the HPS was apparent in the overall sample (x*=5.93, p=0.0149), the total sample
sans family 30 (%*=5.99, p<0.0144), and the Afrikaner ancestry sample (y*=9.87.

p=0.0359). The val allele was associated with increased scores on the HPS and NS

scales.

To the best of the author’s knowledge only one published study has touched on this
relationship. Itoh et al. (2004) found that healthy females but not males with the
met/met genotype scores higher on the FFM extroversion scale (which has similaritics
to the TCI NS scale) than their counterparts. It 1s suspected that this is a false positive

result because of the modest sample size, the gender specilic relationship, and the
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implication of the mer allele in NS traits. The finding that the va/ allele is a risk factor
for elevated HPS and NS scores is supporled by the literature on BPD and
schizophrenia which confirms that the high activity val allele is a risk factor for
psychopathology (sec Chapter 2.2). The val allele has however also been associated
with clevated levels of anxicty-related traits (Lang et al. 2005) which arc often
conceptualised as the converse of NS and hypomanic traits. These data may indicate

that high levels of NS and hypomanic traits do not preclude the experience of anxiety.

The BDNFE val66met variant also showed some degree of association with the
personality trait Stability with a ¥ value of 4.34 in the Afrikaner sample which
translated into a p-value of 0.0373. Again higher scores were associated with the v/
allele. None of the other groups displayed a significant relationship with the
functional BDNF variant. Since there are no published sindies which have examined
the correlation between mood-labile-irritable personality traits and genetic
polymorphisms it is difficult to evaluate this result. There is however some cvidence
1o suggest that BONF is associated with aggression. Mice with one copy of the BDNF
gene knocked out develop enhanced aggressiveness which can be ameliorated with
[luoxctine, suggesting that the BDNF protein plays a critical role in the normal
development of the serotonin system (Lyons et al. 1999). Dwivedi et al. (2003)
reported that mRNA levels of BDNI and its receptor trkB were significantly reduced
in the both the prefrontal cortex and hippocampus of patients who had committed

suicide.

DAT.

There was a trend towards a statistically significant association between the DAT
VNTR and anxiety in the overall sample, both including (x*=5.14, p=0.07) and
excluding (*=5.0; p=0.07) family 30, with the 10R allele associated with higher
scores. Rowe et al. (1998) provided support to the author’s hypothesis that the 10R
allele increases the risk for anxiety in a study of childhood internalising disorders. The
scverity of generalised anxiety disorder, social phobia and obsessive compulsive
disorder was found to increase with the number of 10R alleles possessed by the child

(Rowe ct al. 1998).
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The DAT VNTR polymorphism was also associated with the Stability super-variable
in the total sample minus pedigree 30 (¥*=5.1, p=0.02) and as well as the British

ancestry sample (x*=10.54, p=0.0012). In addition, there was a trend towards

patiern of results obtained for the CT trait with a trend towards significance in the
overall sample (y*=4.70, p=0.0956) and the British ancestry sample yielding a ¥* score
of 4.15 (p=0.0417). Here the 10R allele was associated with higher mood-labile-

irritability scores.

In contrast to the UCT data, Gerra et al. (2005) found that heroin addicts with the
9R/9IR genotype scored higher than heterozygotes or 10R/10R homozygotes on the
Buss-Durkee Hostility Inventory (BDHIT). The discrepancy in outcome between the
studies may be attributed to differences in sample (drug addicts versus BPD patients),
or the psychometric (BDHI versus CT/Stability) characteristics of the relevant
instruments. Other human and animal studies have suggested that abnormalities of
dopamine transmission - particularly increased dopaminergic function is associated
with aggressive bchaviour. For example, Kuikka et al. (1998) showed that impulsive,
aggressive alcoholics showed a greater heterogencity of striatal A7 density than
controls. As was pointed out earlier in the chapter, however, it is questionable to what

degree the Stability construct overlaps with a proclivity for aggressive behaviour.

Individuals of British but not Afrikaner ancestry possessing one or more copies of the
J0R allele also tended to score higher than their counterparts on the HPS (yx*=14.40,
p=0.0001). The author is unaware ol any similar study in the literature that can
provide a basis for comparison although Cornish et al. (2005) demonstrated that the
10R/TOR genotype was associated with greater ADHD symptomatology and cognitive

disinhibition.

It is interesting that such a highly significant result was obtained in the pedigrees of
British origin but not the in other sample combinations. The association between
Stability-C'T and the DAT polymorphism was also much stronger in the smaller group
of British origin. Whether the VNTR polymorphism (or another variant) of the DAT
gene 1s a risk factor for BPD-related pathology, or more specifically unstable or

hypomanic personality traits, in this particular sample or all populations of British
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origin is a moot point. The other studies that have indicated that the DAT may be a
risk factor for BPD made use of Caucasian samples of North European origin, and an
Old Order Amish pedigree (Greenwood et al. 2005). The Old Order Amish originated

th

in 16" century Germany (Patton 2005).

Another variant for which there appears to be an cthnic specific distribution of risk is
the exonic CTG repeat in the Notch4 gene. The OR allele was associated with
increased anxiety (¥*=13.83, p=0.0079), instability (¥*=20.60, p=0.0004), HPS
(x*=13.83, p=0.0079), and CT (¥*=9.25, p=0.05) in the Afrikaner ancestry sample
only. Wei and Hemmings (2000) tested 80 British parent-offspring trios and reported
that the 10R CTG allele was transmitted more often than expected by chance to
individuals with schizophrenia. Although the immediate attempts to replicate Wei and
Hemmings’ (2000) original finding was disappointing (Sklar et al. 2001; McGinnis et

al. 2001), recent reports have been more encouraging.

Skol et al. (2003) typed 392 schizophrenic individuals in a racially mixed sample of
166 families and reported excess transmission ol two alleles of another microsatellite
marker in the Notch4 gene to affected individuals. Luo et al. (2004) found a two-SNP
haplotype to be associated with schizophrenia in an African American but not a
Caucasian sample of patients. A follow-up study by Wei and Hemmings (2004) in
122 UK trios demonstrated an association between schizophrenia and a number of
SNPs close to the Notch4 gene. Two ol these SNPs were located in the nearby TNXB

gene, another possible candidate gene (Wei and Hemmings 2004).

Wassink et al. (2003) found that variation in the Notch4 gene produces divergent
neurocognitive effects in schizophrenics and controls with the 6R schizophrenia group
performing better on neuropsychological testing but the OR control carriers
performing worse than their counterparts. Kaneko et al. (2004) examined 78 Japanese
trios and found the 6R CTG microsatellite allele to be over-represented in cases
compared to controls (p=0.012). Remarkably, the authors then dismiss their results as
irrclevant because they tested for 5 different variants and thus their statistic just

missed out on statistical significance after a Bonferroni correction!
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Glatt et al. (2005) conducted a meta-analysis with 1953 cases and 2180 controls and
found no overall evidence that variation in the Notch4 gene induces susceptibility to
schizophrenia. The authors do however point out that a remarkable variation in effect
size estimates exists across studies indicating that some cryptic factor is leading the
Notch4 variants to be associated with disease in a percentage of the samples studied.
This 1s another way of stating that genetic heterogencity may be present in the sample.
Another possibility for the inconsistency across samples is the presence of a gene-
gene interaction. Antilla et al. (2004) studied the effect of various polymorphisms on
neuroleptic response in schizophrenic patients and found that patients with the
met/met COMT genotype and particular Notch4 SNP genotype were 10-times more

hkely than other individuals to be refractory to treatment.

A search of the PubMed database (www.pubmed.com) suggests that only one study

has evaluated the role of the Notch4 gene in BPD. Prathikanti et al. (2004) typed 153
parent-o(fspring trios but found no evidence of an association between variants in the
gene and BPD illness. Carmine et al. (2003) examined a variety of phenotypes
including personality in their sample of 74 Swedish schizophrenics and 135 control
participants. An assoclation between a SNP and the irritability scale of the Karolinska
Scales of Personality, and the CTG variant and the extraversion scale of the FFM
inventory was reported (Carmine et al. 2003). Again the authors concluded that the
Notch4 gene does not induce susceptibility to schizophrenia or related traits on the

basis that controlling for multiple testing rendered their resulls non-significant.

There are 5 common CTG microsatellite alleles, 6, 9, 10, 11 and 12 repeats and since
the polymorphism is exonic it is plausible that the number of leucine amino-acids in
the protein may exert some kind of functional effect (Glatt et al. 2005). An
encouraging aspect to finding of this thesis is the fact that the same 6R allele that was
demonstrated by Wassink ct al. (2003) and Kaneko et al. (2004) to be implicated in
schizophrenia was associated with more pathological personality traits in the UCT
sample. In addition, the 10R allele which was over-represented in Wei and

Hemmings’ (2000) patient group, was associated with higher HPS scores in this

sample (see Table 3.13).
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The Notch4 gene is also a good theoretical candidate for involvement in
psychopathology and ncurocognition. The gene codes for the human homolog of the
Drosophila melanogaster Notch4 protein that plays a role in inter-cellular signalling
and cell fate determination (Glatt et al. 2005). The Notch signalling pathway exerts a
diverse influence on neuronal development including stem-cell differentiation, the
timing of apoptosis, the outgrowth of neurons and dendrites, and the maintenance of
their synaptic connections (reviewed in Wassink et al. 2003). The 6p21-24 region has
also been tmplicated numerous times in linkage analyses of schizophrenia (see Owen
et al. 2004) and to a lesser extent BPD (Rice et al. 1997; Schulze et al. 2004). Of
interest is the study of Straub et al. (1995) who reported a heterogeneity LOD score ol
3.51 in 265 Irish pedigrees with schizophrenia. Straub et al. (1995) argued for the
existence of substantial genetic heterogeneity since the locus only influenced

susceptibility to schizophrenia in 15-30% of their families.

MAO-A.

In the cohort of Afrikaner origin, scores on the HPS scale tended to decrease with the
number of low activity variants possessed by the individual (t=-2.613, p=0.0104). The
same cffect was not however apparent in the full sample or the cohort of British
ancestry. 1t is unclear therefore if this is a false positive result or another
demonstration of genectic heterogeneily. The MAO-4 has not been implicated in
hypomanic personality traits but as mentioned above, the low activity variants of the
VNTR polymorphism have been associated with low aggressivity (Manuck et al.
2000) although the direction of association appears to moderated by environmental
exposures (Caspi et al. 2000; Newman et al. 2005). Nevertheless, it is unlikely that
these data can be extrapolated to hyperthymic personality traits although individuals
who achieve high scores on the HPS tend to be rude and insubordinate (Meyer and

Keller 2000).

A possible weakness of this section of the thesis is the absence of significant evidence
for heritability of the CT and HPS. With the possible exception of the DAT, CT scores
were not particularly strongly associated with any of the genetic variants. On the other

hand, the HPS was strongly associated with genes such as BDNF and Notch4 and at
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[ace-value is a good candidate endophenotype. It may well be worthwhile testing the
heritability of these traits in other cohorts as heritability scores are known to be

sample specilic.

In summary then, the use of quantitative markers of BPD has yielded promising
results with associations between five genes and various personality traits. The
Notch4 gene was associated with anxiety-related, mood-labile-irritable-cyclothymic
and hypomanic traits in the Afrikaner ancestry subgroup. The DAT VNTR
polymorphism, in contrast, was strongly associated with unstable and hyperthymic
personality features in the British ancestry sample. The BDNF val66met
polymorphism was predominantly associated with hypomanic and novelty seeking
traits in both populations while the COMT Vall58Met variant was related to mood-
labile traits when family 30 was removed {rom the equation. As expected, the 5-
HTTLPR variant modulated levels of anxiety although the effect was attenuated by

controlling for state effects.

Despite these interesting findings it could be argued that with 12 polymorphisms and
5 personality traits tested across 4 different combinations of samples, the author’s
results are [alse positives induced by multiple testing. There are a number of reasons

why it i1s believed that this is not the case.

(1). The different personality questionnaires are correlated with each other and thus
the statistical tests carried out on the data are not strictly independent.

(2). The alleles of these 5 genes that were associated with “pathological” personality
scores are the same alleles implicated in BPD or schizophrenia. 1f these results were
due to multiple testing one would expect only half of the associations 1o be in the
“correct” direction.

(3). There is also a non-random pattern of results across the two ethnic groups with
families of Afrikaner origin showing an association with Nofch4 across various
personality traits and familics of British origin more strongly associated with the
DAT.

(4). There is significant a priori evidence linking these genetic variants and

personality traits to cach other and to BPD. The stringent use of Bonferroni
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corrections should not apply to cases where evidence of a relationship already exists
(Perneger, 1998).

(5). Many of the positive results obtained are not of borderline significance but rather
statistically significant at an o valuc of less than 1%, further decreasing the

probability that they are simply random type 1 errors.

The potentially exciting results yielded by the association analysis of various
quantitative personality traits underlines the promise of the endophenotypic approach.
In Chapter 4 the author plans to build on these nascent successes by investigating

another class of endophenotype, neurocognition.



Chapter 4.

Neurocognitive Function as an Endophenotype.

The night

was late and soggy. It was
New York in July.

[ was in my room, hiding,

hating the need to swallow.

Ehzabeth Prince quoted by Andrew Solomon, (2001).

List of Abbreviations Commonly Used in this Chapter.

BDNIE Brain Derived Neurotrophic Factor

BDNF Val66Mei  Functional variant giving rise to 2 alleles: val (high activity) and met

COMT Catechol-O-Methyltrans(erase

COMT Vall58Mer  Tunctional variant giving rise to 2 alleles: va/ (high activity) and met

DRD4 Dopamine 4 Receptor

DRD4 VNIR Exonic polymorphism producing 7 different alleles (2R-8R)
RAVLT Rey Auditory Verbal Learning Test

RCF Rey Complex Figure

QTDT Quantitative Transmission Disequilibrium Tests

SERT Serotonin Transporter

SERT S-HTTLPR  Functional Ins/Del promoter variant producing 2 alleles: short and long.

SERT VNTR Functional intronic variant producing 3 alleles: 9R, 10R & 12R.

WCST Wisconsin Card Sorting T'est.
WMS Wechsler Memory Scales



4.1 Neurocognition as an Endophenotype ol BPD.

In Chapter 3 positive associations between various functional genetic polymorphisms
and BPD-associated personality traits were demonstrated. Given these data and the
polential promisc of the endophenotypic approach for ameliorating the challenges
posed by genetic heterogeneily and arbitrary diagnostic criteria, the feasibility of
using another category of endophenotype, neurocognitive function, is evaluated here.

Aspects of this chapter have recently been reported in the following papers:

Savilz, J., Solms, M., Ramesar, R. (2006a). The Molecular Genetics of Cognition:
Dopamine, COMT, and BDNF'. Genes, Brain and Behavior. In Press.

Savitz et al. (2005a). Neurocognitive function as an endophenotype for genetic studies

ol bipolar affective disorder. NeuroMolecular Medicine. 7, 275-286.

Savitz ct al. (2005b). Neuropsychological Deficits in Bipolar Affective Disorder: A
Critical Opinton. Bipolar Disorders. 7, 216-235.

4.1.1. Are Specific Neurocognitive Deficits Associated with BPID?

Neuropsychological deficits have been widely reported in acutely depressed patients,
with memory and executive function emphasiscd by most authors (Henry et al. 1973;
Miller et al. 1975; Sternberg and Jarvik 1976; Cohen et al. 1982; Cole et al. 1984;
Elliot et al. 1996; Elliot et al. 1997).

More specifically, depressed individuals with BPD exhibit deficits in sustained
attention (Rund et al. 1992; van den Bosch et al. 1996; Hart et al. 1998); working
niemory (All ct al. 2000; Martinez-Aran et al. 2004); verbal fluency (Al et al. 2000;
Borkowska and Rybakowski 2001; Martinez-Aran et al. 2004) inhibition of prepotent
responses (Borkowska and Rybakowski 2001; Dixon et al. 2004; Martinez-Aran el al.
2004); cognitive flexibility (Borkowska and Rybakowski 2001; Martinez-Aran et al.
2004) visual recognition memory (Swecney el al. 2000), recall of verbal material
(Wolle et al. 1987; Massman ct al. 1992; Fossati et al. 2004), and dccision making
and planning (Murphy et al. 2001; Dixon el al. 2004).
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The cause of this cognitive dysfunction is unclear but has been attributed to reduced
motivation (Cohen et al. 1982; Hockey 1986), impaired attention (Cole et al. 1984) or
concentration (Keitner et al. 1996); intrusive thoughts (Ziclinsky et al. 1991), and
slowness of mentation and movement (Naismith et al. 2003). Anxiety or stress has
been shown to adversely affect cognition in both humans and animal models by
decreasing working memory function (McEwen 2002). The physiological basis of this
elfect 1s unclear although a number of studies have suggested that the effect may be
mediated by hypercortisolacmia (Bohnen et al. 1990; Bohnen et al. 1992; Altshuler

1993).

Mania is understudied in comparison with depression, but executive dysfunction
appears 1o be the salient cognitive feature of this mood state. Manic patients have
been demonstrated to sulfer from difficultics with sustained attention (Sax et al. 1999;
Clark et al. 2001; Seidman et al. 2002; Swann et al. 2003), working memory
(Sweeney et al. 2000), verbal fluency (Lebowitz et al. 2001; Dixon ct al. 2004)
impaired inhibitory control, decision making and planning (Murphy ct al. 1999;
Murphy ¢t al. 2001; Swann et al. 2003; Dixon et al. 2004); spatial rccognition
memory (Sweeney et al. 2000) and recall and recognition of verbal information
(Henry et al. 1971; Taylor and Abrams 1986; Sweeney et al. 2000; Clark et al. 2001;
Basso et al. 2002; Fleck et al. 2003).

Clearly, acute episodes of depression and mania may have an adverse effect on the
cognitive performance ol pecople with BPD. The wide range of cognitive domains
implicated in neuropsychological investigations of BPD; however, make it difficult to

demonstrate that specific neurocognitive impairnients are associated with the illness.

4.1.2. Are the Bipolar Associated Neuropsychological Deficits Stute Independent?

The data suggest that neurocognitive deficits are also present in the euthymic phase of
the illness. In fact, in a recent review by Savitz et al. (2005b) it was found that 37 out
of 40 studies reported some degree of cognitive impairment in nominally euthymic
bipolar paticnts. More specifically, deticits of sustained attention (Wilder-Willis et al.

2001; Liu et al. 2002; Clarke et al. 2002; Clarke et al. 2005), cognitive inhibition
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(Zubicta et al. 2001; Dixon et al. 2004; Martinez-Aran et al. 2004; Zalla et al. 2004);
planning (El-Badri et al. 2001); exccutive control of working memory (Ferrier ct al.
1999); verbal memory (Sapin ct al. 1987; van Gorp et al. 1999; Zubieta et al. 2001,
Cavanagh ct al. 2002; Deckersbach et al. 2002; Donaldson et al. 2003; Fleck et al.
2003; Martinez-Aran ct al. 2004), visnal memory (Rubinsztein et al. 2000; El-Badn et
al. 2001; Deckersbach et al. 2004) and psychomotor speed (Rubinsztein et al. 2000;
Wilder-Willis et al. 2001; Dixon et al. 2004) have all been hypothesised to be state

independent characteristics of bipolar illness.

Ferrier et al. (1999), Rubinsztein et al. (2000) and Clark et al. (2002) point out,
however, that study participants who are labelled as euthymic, may in fact display
residual aflective symptoms or may not exhibit enough symptoms to meet the DSM-
IV criteria for depression or mania. Scott et al. (2000) remarked on the fact that 30%
of their sample had Beck Depression Inventory (BDI) scores greater than 10

(indicative ol depression) despite being rated as cuthymic by clinicians.

Nevertheless, a number ol well designed investigations have recently been published
that mitigate these concerns. Zubieta et al. (2001) and Clark et al. (2002) controlled
for low levels of affective symptomatology using the Hamilton Rating Scale for
Depression and the Young Mania Rating Scale. The same is true of Rubinsztein et
al.’s (2000) sample although these authors also controlled for subjective ratings of
depression using the BDIL. Thompson et al. (2005) went one step further and
confirmed that their patient group was euthymic during, and for at Ieast a month prior
to testing, by making use of clinical and scll-rating scales. Saliva samples were also
collected to ensure that the results were not confounded by hypercortisolaegmia. The
group with BPD performed significantly worse than controls on a wide vartety of
cognitive tasks measuring attention, aspects of executive function, spatial working

memory, and verbal and visual declarative memory (Thompson et al. 2005).

Another method of demonstrating that bipolar-associated neurocognitive delicits are
state independent 1s to examine the premorbid cognitive profile of individuals who go
on to develop BPD. Retrospective case control studies suggest that affective disorders

may have neurodevelopmental antecedents. Crow et al. (1994) found that adults
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presenting with affective psychosis displayed an excess of premorbid motor and
intellectual deficits compared to controls from the same birth cohort, while van Os et
al. (1997) observed that children with affective disorders were delayed in reaching
motor-development  milestones, and suffered {from twice as many speech
abnormalitics as their peers. More recently, Sigurdsson et al. (1999) report an
increased prevalence of retarded language, social and motor development in a group

ol adolescents with BPD or depressive psychosis.

In a prospective study, Hellgren ct al. (1994) followed 56 Swedish adolescents who
cvinced developmental deficits at the age of 6 years, and observed an increased rate of
psychiatric disorder (especially major depression) relative to controls from the same
cohort. Seven percent of the developmental delay group went on to develop BPD,
compared to 0% of the control group (Hellgren et al. 1994). Meyer et al. (2004)
followed a group of adolescents who were at risk ol developing BPD and found that
67% of the individuals who went on to develop BPD in later years, displayed
executive deficits as measured by the Wisconsin Card Sorting Test (WCST) in

adolescernce.

On the other hand, some studies have failed to demonstrate cognitive deficits in
premorbid cases of BPD. Quakenbush et al. (1996) analysed the premorbid academic
[unctioning of a cohort of adolescent bipolars and argued that 85% of the sample
demonstrated “good to excellent” premorbid academic achievement. In similar vein,
Kutcher et al. (1998) conducted a retrospective evaluation of the premorbid
functioning of 28 adolescents with BPD by reviewing their school records, and
reported that approximately 67% of the sample evinced good to excellent academic
achicvement prior to their illness. These data are supported by more recent studies
(Reichenberg et al. 2002; Guerra et al. 2002) finding that a premorbid group of non-
psychotic bipolar patients did not differ from unaffected controls on any measure of
intellectual functioning; and that neither mania nor depression was associated with
childhood dysfunction, respectively. A cohort of 60 bipolar offspring was reported to
demonstrate a good level of functioning as evinced by the Global Asscssment of
Functioning (76+£12), and the Wide Range Achicvement Test, a measure of academic

perlformance (Chang and Steiner 2003).
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In sum, the data from prospective and retrospeclive analyses of premorbid cognition
appears to be mixed although general intellectual functioning in particular seems to be
largely unalfected in premorbid individuals. The discrepant results might be due to
the fact that only a sub-population ol individuals who go on to develop bipolar
spectrum 1llness suffers from neurocognitive deficits. While Quakenbush et al. (1996)
and Kutcher et al. (1998) demonstrated that their cohorts were generally cognitively
intact before becoming ill, one can reinterpret the data to suggest that up to 15% and
33% of study participants, respectively, were performing at average to below average

levels before 1llness onset.

Another variable which confounds the interpretation of these studies is the nature of
the prodromal period. Even if study participants do not meet the criteria for BPD, they
may suffer from prodromal symptoms or present with other psychopathology that
causes ncurocognitive dysfunction. Psychotic illnesses have been shown to have a
lengthy prodromal period (Nopolous ¢t al. 1995), with symptoms of depression,

hyperactivity, and hypomania (Lish et al. 1994).

4.1.3. Is Neuropsychological Function Heritable?

While the role that genetic [actors play m cognition has long been a topic of
considerable interest, the field has been dominated by polarised dcbates over the
heritability ol general intelligence to the exclusion of research into the heritability of
module-specific cognitive processes. Nevertheless, these data arc valuable given the
asscrtion that intelligence quotient (1Q) scores predict concurrent neuropsychological
performance across the entire spectrum of intetligence in neurologically normal
individuals (Bell and Roper 1998; Dodrill 1999; Jung et al. 2000; Diaz-Asper ct al.
2004).

Heritability estimates of standardised 1Q tests converge on the 50-80% range
(Bouchard Jr 1998; Wright et al. 2001; Bartels et al. 2002), and these data are
supported by neuroanatomical data. In a magnetic resonance imaging (MRI) study of
monozygotic and dizygotic twins, Thompson et al. (2001) found that large arcas ol

the brain, including Broca’s and Wernicke’s arcas and frontal gray matter volume, are
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under significant genetic control and that [rontal gray matter volumes correlated with

a general intelligence.

More recently, rescarchers have begun to focus on the genetic contribution to discrete
(as opposed to global) cognitive processecs such as attention and working memory. A
version of the continuous performance test (CPT), a measure of sustained attention
was reported to have a heritability value of 0.49 (Cornblatt et al. 1988). Similarly,
Myles-Worsley and Coon (1997) calculated the heritability of a selective attention
task to be 41% and Groot et al. (2004) also demonstrated some degree of genetic
influence on the attentional performance of preschool children. Anokhin et al. (2003)
suggested that performance on the WCST, a measurc of cognitive {lexibility has a
heritability value in the region of 37-46%. Working memory is also signilicantly
mfluenced by genetic factors with heritability values ranging from 30-60% (Finkel

and McGue 1993; Finkel ct al. 1995; Ando et al. 2001; Luciano et al. 2001).

These data are congruent with molecular genetic work which has implicated particular
polymorphisms it neurocognitive function. For instance, Egan et al. (2001) reported
that the high activity allele of a variant in the catechol-O-methyltranslerase (COMT)
gene was associated with poorer performance on the WCST and reduced cfficiency of
physiological response in the dorsolateral prefrontal cortex during a working memory
task. The same group demonstrated that a functional variant of the brain-derived
necurotrophic factor (BDNF) gene was associated with poorer episodic memory and a
disruption of the normal hippocampal functional Magnetic Resonance lnaging

(fMRI) disengagement pattern during a working memory task (Egan et al. 2003).

4.1.4. Do Patterns of Neuropsychological Dysfunction and Bipolar Illness Co-

segregate in Families?

Although the literature indicates that on average groups ol euthymic persons with
BPD perform more poorly on neuropsychological tasks than healthy controls, a great
deal of intra-group variation is present. For example, Altshuler et al. (2004) reported
executive and verbal memory deficits in thewr bipolar group but the neurocognitive
performance was bimodally distributed suggesting the presence of two subgroups, one

with impairment and one with relatively normal neurocognitive functioning.
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Thompson ct al. (2005) detected significant perforniance decrements on a wide range
of neurocognitive tasks in a sample ol euthymic bipolar patients. The number of
bipolar individuals who fell below the [ifth percentile, however, varied [rom
approximately 15-25% depending on the neuropsychological task involved
(Thompson et al. 2005). In other words, a minority of patients appeared to account for

the widespread patient-control group performance difTerences detected by the authors.

Thus, the statistical association between cognitive performance and bipolar illness
docs not necessarily mean that neuropsychological dysfunction co-scgregates with the
disorder in famnilies. Perhaps neurocognitive dysfunction is only present in a particular
subtype ol bipolar illness but in the absence of genetic knowledge how does one

demonstrate that subtypes of BPD run truc in families?

4.1.5. Is There Any Evidence for Neuropsychological Dysfunction in the Unaffected

[amily Members of Bipolar Probands?

The carliest neurocognitive investigations of biological relatives of bipolar patients
made use of general intelhgence tests. Kestenbaum (1979) and Decina et al. (1983)
examined the high-risk oftspring of bipolar parents and asserted that a significantly
higher verbal than performance 1Q may be a signature of genetic susceptibility. More
recently, McDonough-Ryan et al. (2002) reported that 8-12 year-old children who had
at least one parent with BPD performed worse on executive and non-verbal
intelligence test-associated tasks than a matched group of children with hcalthy
parents. The [inding still held when the children with sub-syndromal mood symptoms
were excluded from the statistical analysis. Zalla et al. (2004) produccd data showing
that bipolar patients and their unaftected relatives performed poorly on the Stroop

test, a measure of disinhibition and susceptibility to interference.

Gourovitch et al. (1999) compared the neuropsychological performance of
monozygotic twins discordant for BPD and lound memory deficits - as evinced by the
Wechsler Memory Scale (WMS) and the California Verbal Learning Test (CVLT) - in
both the non-alfected and affected members of the twin pair. The affected twins did

however display a more pervasive pattern ol memory deficits than their unaflected
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siblings: they showed recognition as well as recall difficulties while their healthy
counterparts displayed only recall problems. This result was replicated by Keri et al.
(2001) who showed that the unaffected relatives of their bipolar group displayed a

greater degree of verbal recall difficultics than a group of unrelated controls.

Visual memory impairments may also be characteristic of a bipolar diathesis. Ferrier
et al. (2004) compared the performance of 17 unalflected first-degree relatives and 17
unrelated controls on a battery of neuropsychological tests which included measures
ol verbal learning and memory, inhibition, verbal fluency, working memory,
sustained attention and visual-spatial memory. Only the Tatter domain distinguished
the two groups with the controls outperforming the relatives of individuals with BPD

(Ferrier et al. 2004).

Sobcezak et al. (2002) found that an experimentally induced acute tryptophan depletion
and therefore central serotonergic activity reduction resulted in impaired planning,
working memory and verbal recall, but not recognition performance in the first degree
relatives of bipolar patients compared to urnrelated controls. These data were
interpreted to indicate that an inherited serotonergic-mediated dysfunction in frontal

lobe [unction may constitute a vulnerability marker for BPD (Soczak ct al. 2002).

Nevertheless, not all studies of “at-risk” relatives have reported the presence of
cognitive delicits. Kremen et al. (1998) and McNeil and Schubert (2003) report a
wide range of cognitive deficits in the relatives of schizophrenics, but not BPD.
Similarly, Gilvarry et al. (2000) were unable to detect significant neuropsychological
deficits in the biological relatives of manic depressive individuals. MacQueen et al.
(2004) showed that the offspring of bipolar individuals with no lifetirne history ol
iliness performed at the same levels as unrclated controls on a visual backward
masking task. On the other hand, cuthymic offspring with a past history of alfcctive
illncss were more crror prone on the test. Clark et al. (2005) detected deficits ol
sustained attention in euthymic patients with BPD but their first degree relatives did

not perform significantly worse than a matched group of unrelated controls.

A weakness inherent in studies of at risk relatives is the higher rate of

psychopathology and exposure to significant environmental stressors in the at-risk
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groups (DelBello and Geller 2001; Chang ct al. 2003). Studies cvaluating the
cognitive performance of the children of bipolar parents run into the same
methodological difficulties as longitudinal studies: prodromal symptoms and the
presence of other psychopathology with neurocognitive sequelae need to be controlled
for. In the Ferrier et al. (2004) study for example, 3 of the “unaffected” relatives had a
history of major depression and were on treatment with antidepressants at the time of

the assessment.

In sum, the literature suggests that executive dysfunction is characteristic of people
with BPD in both the acute and chronic stages of the illness, that neurocognitive
[unction is influenced by genetic factors, and that neuropsychological deficits have
been reporied in the non-affected relatives of bipolar probands. It is unclear however,
whether neuropsychological dysfunction co-segregates with affectively 11l individuals.
Neuropsychological performance may nevertheless be a marker of a bipolar diathesis,
and therefore a useful endophenotype for molecular genetic investigations. Genes that
have becn implicated in cognition would therefore be useful candidates with which to

cvaluate the endophenotypic potential of bipolar-associated cognitive dysfunction.

4.2. Genes Implicated in Cognition.

One of the most promising of these candidates is COMT. On the basis of an extensive
review of the literature, Savitz et al. (2006a) suggested that the effect of COMT
genotype on prefrontal cortex-mediated cognitive functions may be as follows: The
val (high activity) allele of the vall58met polymorphism theoretically results in
lowered stability ol prefrontal cortex (PFC) neural networks which may manifest in
decreased ability to maintain information in working memory (Bilder et al. 2004;
Winterer and Weinberger 2004), but enhanced ability to update the contents of
working memory with new information or switch cognitive scts (Cools and Robbins
2004). The met allele, which is associated with an clevated PFC dopamine (DA) level
and increased D1 receptor binding, i1s predicted to enhance the stability of PFC
networks and thus the performance of cognitive tasks involving maintenance of

information, but lead to decreased cognitive flexibility (Bilder et al. 2004; Winterer
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and Weinberger 2004). More information on the ncurobiological mechanisms

underlying this process is available in Savitz et al. (2006a).

Savitz et al. (20006a) reviewed 26 studies that examined the association between the
COMT vall58met polymorphism and cognitive function. The results are impressive
cven if one acknowledges the possible cffects of publication bias. Twenty out ol 26
studies reported an association between the COMT vall58met polymorphism and
aspects of cognitive function, and all of them bar two suggested that the low activity
met allele allows for better performance on cognitive tasks that have a working

memory component.

Savitz et al. (2006a) concluded that neurocognitive tasks that require the individual to
hold information “on-line” (i.c. working memory) and perhaps inhibit responses (o
prepotent or distracting stimuli, appear to be most sensitive to differential COMT
activity. Some preliminary evidence suggests that the effect of COMT variants may
extend to other cognitive domains such as memory (Bates et al. 2003; de Frias et al.
2004), but these results may also be indicative of poor executive functioning (Savitz

et al. 2005a).

BDNI is another strong candidate for imvolvement in cognition. In a sample of
schizophrenic and healthy subjects, the met allele of the functional val66met variant
was associdted with poorer episodic memory as evinced by immediate and delayed
recall of WMS stories, a disruption of the normal hippocampal fMRI disengagement
pattern during a working memory task, and lower hippocampal n-acetyl aspartate
(NAA), an intra-cellular marker of neuronal function (Egan ct al. 2003). Similarly,
Harirt et al. (2003) demonstrated that met-BDNIT carriers displayed reduced
hippocampal engagement during both the encoding and retrieval of a spatial task, and
made significantly more recognition errors on this task than va//val homozygotcs.
These results were partially replicated by Dempster et al. (2005). Another study of
declarative memory in affectively il individuals however, failed to confitm these
original findings (Strauss et al. 2004). In MRI investigations, Pezawas et al. (2004)
and Szeszko et al. (2005) extended the {indings of Egan et al. (2003) and Hariri et al.
(2003) by demonstrating that val/met heterozygotes displayed lower hippocampal

volumes than their va/Aal counterparts.
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Savitz et al. (2006a) concluded that: (1). Animal studies suggest that BDNF prolects
neurons from the effects of damage, plays a role in modifying synaptic connections,
and modulates hippocampal long term potentiation (LTP). (2). Human studies have
demonstrated that the met allele of the functional val66met polymorphism is
associated with lower hippocampal volume or [unctional activity. (3). Genetic studics
with the [unctional variant have indicated that the met allele is associated with weaker
performance on tests of memory and “executive” function. Given these parallel
sources of evidence it is likely that the valobmet BDNF' variant exerts an effect on
mcmory performance and perhaps executive function, although more evidence is

required for the latter.

The prion protein (PrP) coded for by the PRNP gene on the short arm of chromosome
20 (20p13), is infamous for its role in the pathogencsis of scrapie, bovine spongiform
encephalopathy (BSE) and various neurodegenerative disorders in humans such as
Creutzfeld-Jakob disease (CJD). The function of PrP remained a mystery for many
years but has recently been implicated in the formation of long-term memory (Shorter
and Lindquist 2005). These revelations coupled with the salient dementing process
that characterises the various incarnations of CID (Berr et al. 1998), have attracted the

atlention of researchers i the dementia field.

Berr ct al. (1998) assessed the cognitive functioning of a large community-based
sample of individuals between the ages of 59 and 71 with the Mini Mental Status
Examination (MMSE), a commonly used, if rather crude estimate of cognitive
impairnient. An association between the val/val genotype ol a common SNP at codon
129 (val129met) of the genc and susceptibility to cognitive impairment was reported

(Berr et al. 1998).

Papassotiropoulos et al. (2005) demonstrated that the presence of the met allele of the
val129met polymorphism was associated with better long-term memory in the form of
word list learnming in a sample of 354 healthy subjects. On the other hand, Rujescu et
al. (2003) found that healthy individuals with the val/val genotype performed
significantly better than their heterozygous and met/met homozygous counterparts on

a general intelligence test.
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The DRD4 VNTR polymorphism has also been implicated in cognition. In studies of
Attention Deficit Hyperactivity Disorder (ADHD), Swanson et al. (2000), Fossella ct
al. (2002) and Manor et al. (2002) found that children with a 4R allele of the DRD4
VNTR polymorphism or other shorter (2-5R) alleles performed more poorly on tests
of attention and executive functioning. Langley et al. (2004), however report
increased impulsivity and therefore worse performance on a test of behavioural

inhibition in carriers of the 7R allele.

Savitz et al. (2006a) reviewed five studies examining the effect of the DRD2 TaqglA
polymorphism and cognition. Tsai et al. (2002) and Petrill et al. (1997) made use of
standardised [Q tests. The former reported that A1l homozygotes outperformed their
counterparts on the performance subscale ol the Wechsler Adult Intelligence Scale -
revised version (WAIS-R), while the latter found no significant association between
genotype and 1Q. Using the Rey Auditory Verbal Learning Test (RAVLT), a measure
of verbal memory and leaming, Bartes-Faz et al. (2002) reported a result in the same
direction as Tsai et al. (2002): reduced performance in A2 homozygotes. [Towever, in
a sample of 10-14-year-old boys, Noble et al. (1994) and Berman and Noble (1995)
reported prolonged P300 latency and reduced visuospatial performance in Al allele
carriers. These contradictory findings together with the modest sample sizes of the

relevant studies suggest the possibility of false positive results.

4.3. Rationale.

A diversity of psychiatric conditions tend to aggregate in bipolar pedigrees and the
South African cohort is no exception to this pattern. Diagnoses ranged {rom psychotic
illnesses such as schizophrenia and delusional disorder to mild conditions such as
dysthymia and adjustment disorder. Conditions that are commonly co-morbid with
BPD such as alcoholism and anxiety disorders were also regularly observed in the
relatives of the UCT study probands. Given the high heritability values for bipolar
tllness, it is likely that genetic factors underpin the condition. It is unclear however, if
the range of psychopathology seen in bipolar cohorts has a common genetic actiology.
That is, do individuals with BPD share susceplibility variants with schizophrenics,

dysthymics, alcoholics and other psychiatric patients?
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Some categories of illness are most probably at least partly genetically related to cach
other and this is the dilemma for the geneticist. Traditional linkage and association
techniques require the researcher to dichotomously label individuals as affected or
unaffected. An oft adopted conservative approach is to limit the label of “affected” to
bipolar patients but this results in a loss of valuable information and greater sample
sizes are hence required to compensate for the loss of statistical power. Greater
sample size 1s however a double-edged sword because the more families included in

the study, the greater the problem of genetic heterogeneity.

As discussed in Chapter 3, genetic heterogeneity 1s an even more serious obstacle than
the vagaries of psychiatric diagnosis to elucidating the aetiology of bipolar affective
disorder. Progress in identifying the genetic variants underpinning BPD has been
retarded by the presence of distinet risk alleles in different bipolar individuals and

their families leading to the non-replication of results (Gould and Gottesman 2000).

One approach to mitigating these difficulties is the use ol endophenotypes. As
discussed in Savitz et al. (2005b) the genetically-driven variation in the dynamic
neural networks underpinning emotion most probably impacts cognition. Therelore
people who carry bipolar susceptibility alleles may display subtle neuropsychological
deficits cven in the absence of any overt psychological symptomatology. The use of
ncuropsychological endophenotyping may thus climinate the need to “guess” on the
basis of symptomatology which subjects carry discase predisposing variants. Since
particular aspects of neurocognition theorctically have a simpler gencetic basis than
BPD, the potential for genetic heterogeneity is also reduced. Understanding the
genetic basis of bipolar-related neurocognitive changes should lead to an enhanced

understanding ol the molecular basis of the illness itself.

n this chapter 1t has been argued that “cxecutive” type deficits may be an
endophenotype for BPD. Glahn et al. (2004) came to a similar conclusion [ollowing
their review of the literature: “neurocognitive measures of executive [unctioning and
declarative memory are clear candidate endophenotypes worthy of investigation in
BPD [bipolar disorder|” (Glahn et al. 2004, p 178). In the following sections the use

of these endophenotypes in association and linkage analyses of BPD is described.
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4.4. Methodology.

4.4.1. Subjects.

The neuropsychological assessment protocol was approved by the UCT research
commitiee (ref 269/2002). The same sample of families who were referred to in
Chapters 2 and 3 participated in the neuropsychological endophenotyping aspect of
the study. The cohort of individuals who completed the battery of neuropsychological
lasks did not overlap completely with the sample that completed the personality
questionnaires because certain individuals on the UCT database live in remote regions
of the country and could not be assessed by the author. These individuals were
however sent the personality questionnaires by post. At least partial
neuropsychological data were available for 225 individuals or 64.3% of the sample.
Reasons for an absence of data are as follows: remote location 36 (10.3%); refusal to
participate 42 (12%); deaths 22 (6.3%), emigration 18 (5.1%), and physical illness or
confounding neurological condition (e.g. history of stroke) 7 (2%). Out of the 225
strong sample, 48 individuals (21.3%) were BPD 1, 16 (7.1%) BPD 11, 44 (19.5%)
MDE-R, 34 (15.1%) MDE-S, 65 (28.9%) unaffected and 18 (8%) were labelled with

another diagnosis.

For historical reasons the mixed ancestry community has on average received far less
education than Caucasian populations. There is also a greater disparity in education
levels between individuals in this community. This makes it difficult to obtain an
adequate measure of neurocognitive function because many neuropsychological tests,
especially tests of so-called “executive” function are sensitive to level of education. In
order 1o enhance the accuracy of the data, a decision was therefore taken to focus on
the Caucasian population who have on average had equal access to educational

opportunities.

4.4.2. Genotyping.

Plcase refer to section 2.5.2 and Appendix C for the relevant genotyping information.

In brief, a total of 25 polymorphic markers on 9 different chromosomes were typed
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for the linkage analysis, while 12 different genetic polymorphisms in 10 candidate

genes were genotyped for the association analysis aspect of the study.

4.4.3. Neuropsychological Tasks.

Well known and respected paper and pencil neuropsychological tests developed many
decades ago, were used 10 assess the UCT cohort. Tests that measure various aspects
of “exccutive” function as well as verbal and visual memory were the focus of this
study since the literature suggests that these cognitive domains may be impaired in
bipolar spectrum illness. Table 4.1 below describes the neurocognitive domains (and
their theoretical neural correlates) tapped by cach of these tasks. It should be noted at
the outset, however that neuropsychological testing — at least in the traditional sensc,
cannot provide a “clean” measure of the functioning of one particular neural circuit in
isolation. For psychometric characteristics of the tests and further details plcasc sce

Appendix F.

Table 4.1. Characteristics of the Neuropsychological Assessment Batlery.

Test Neurocognitive Domain Theoretical  Anatomical |
Correlates

General knowledge subtest of the | 1Q estimator NA

South  Afvican Wechsler  Adult

Intelligence Scale (SA-WAIS).

Digit Span (FF & R). Working Memory | Dorsolateral prefrontal

cortex (DLPFC)

Controlled Oral Word Association

Test (COWAT).

Verbal fluency or generativity

Deep ventromesial  frontal
white maltier,

supplementary motor arca.

Rey Complex Figure Test (RCIF).

Visual-spatial function,

planning, visual memory

Right hemisphere, DLPFC,

medial temporal lobe

Stroop Colour Word Test

Divided attention or inhibition

of prepotent cognitive stimuli.

DLPFC, orbital-basal

prefrontal cortex

Rey Auditory-Verbal Learning Test
{(RAVLT)

Self-monitoring, working

memory, verbal memory

DLPFC, medial temporal |

lobes

Wisconsin ~ Card Sorting  Test

(WCST)

testing, problem solving,

DLPFC
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4.4.4. Procedure.

The large majority ol participants were assessed by the author over a period of four
years. Approximately 50 subjects were tested by an experienced psychiatric nurse
who was trained to administer the neuropsychological battery. As was the case with
the collection of personality data, the vast majority of participants were tested in their
own homes and were euthymic at the time of assessment. A small number of

individuals were assessed at the Division of Human Genetics at UCT.

The neuropsychological assessment which took approximately one hour per person to
complete, was always administered before the personalily component of the
assessment was commenced. The tasks were administered in the following order:

SA-WAIS General Knowledge, Digits (F+R), COWAT, RCF, Stroop, RAVLT,
WCST. The delayed recognition component of the RAVLT was administered after the

complction of the WCST.

Since the majority of participants in the Afrikaner group are fluent in English, the
instructions of the tasks are easy to understand, and the author can spcak somec
Alrikaans, the results of the assessment were not confounded by language. A group of
predominantly Afrikaans-speaking people who live in the central part of the country
were however assessed by the aforementioned psychiatric nurse whose home

language is Afrikaans.

4.4.5. Data Analysts.

A mixed-model ANOVA was used to compare ncuropsychological task scores across
the various diagnostic groups. The following covariates were entered into the niodel:
age, gender and self-rated depression and mania scores. Family of origin was used as
a random factor. Level of education was not used as a covariate because if individuals
become i1l at an carly age their educational progress tends to be curtailed and thus

covarying for this variable may constitute a case ol “over-control”.



170

In order to calculate whether a number of underlying factors could account for the
majorily of variation in neurocognitive function across the various cognitive tasks, a
principle components analysis (PCA) was conducted on the data. Means and standard

deviations were rescaled for each instrument.

The QTDT (Abecasis et al. 2000) was used to test for linkage and association between
the quantitative cognitive scores and the various genetic markers. The program was
also used to provide a heritability estimate of the relevant cognitive traits. For more

imformation on the QTDT, please see Chapter 3.
As mentioned in Chapter 3, because the MAO-4 gene is located on the X

chromosome, a mixed-model ANOVA was used instecad of the QTDT program to test

for association between the MAO-4 VNTR polymorphism and cognition.

4.5. Results.

The BPD 1 and MDE-R groups performed significantly worse than unaffected
relatives (controls) on the recall, but not copy component of the RCF (F=2.7,
p=0.0157). They also performed worse than controls when the quality of the copy
performance, which can influence recall was taken into account (Snow’s correction)
(F=2.7, p=0.0163). Secondly, the BPD [ group performed worse than controls on the
RAVLT learning rate (F=2.9, p=0.0105) which provides a mcasure of the extent of
learning that has taken place over the 5 recall trials (see Appendix ). The same group
also performed worse than their unaffected relatives on the delayed recognition
component of the RAVLT (F=2.9, p=0.0104). There were no statistically significant
differences between the groups on any of the other neuropsychological tasks,
including the general knowledge subscale of the SA-WAIS which was used as an

estimate of premorbid intelligence. For more details please see Table 4.2, below.
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Comparisons belween Diagnostic

Subgroups on Neuropsychological Measures.

Instrument. Sample | F- p- Significant after | Nature of
Size. Value. | Value. | Bonferroni? Relationship.

Digits Forward. 215 0.8 0.5915 | NA NA

Digits Reverse. 215 0.9 0.4874 | NA NA

COWAT. 215 1.2 0.3265 | NA NA

RCF copy. 204 1.0 0.5477 | NA NA

RCF recall. 202 2.7 0.0157* | No C > MDE-R > |
BP |

RCF snow. 199 2.7 0.0163* | No C > MDE-R >
BP |

Stroop # words. 201 1.0 03716 | NA NA

“Stroop errors. 201 1.82 | 0.0996 | N4 NA

RAVLT (immediate | 212 0.6 0.7641 | NA NA

memory)

RAVLT  (learning | 212 2.9 0.0105* | No BPD1<C

rate).

RAVLT (total | 212 2.0 0.1006 | NA NA

learning).

"RAVLT  (delayed | 207 2.9 0.0104* | No BPDI<C

recognition).

WCST # | 211 0.4 0.8725 | NA NA

categories).

WCST (trials to first | 211 0.33 09193 | NA NA

calegories).

WCST  (failure  to | 211 0.62 |0.7150 | NA NA

maintain - cognitive

set).

WCST 210 0.41 0.8704 | NA NA

(perseverative

errors).

1Q Estimate. 211 1.0 0.7719 | NA NA
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Since the use of so many neuropsychological tasks as endophenotypes [lor genetic
analysis is both impractical and problematic {rom a multiple testing point of view, a
PCA was carried out on the data in order to draw out the key components measured
by the test battery. The first category which explained 24% of the statistical variance
in neuropsychological scores consisted of the following tests: RCF recall, RAVLT
total Icarning, RAVLT recognition, and somewhat surprisingly WCST number of
categories (sce Table 4.3). The second, component consisted of the Digits (F+R), the
COWAT, and the general knowledge sub-test of the SA-WAIS. The remaining
components were less easy to subsume under existing ncuropsychological theory. The

details are listed in Table 4.3, below.



Table 4.3. Principle Components Analysis of Neuropsvchological Data.

Loadings: J :'

Comp.1 | Comp.2 | Comp.3 ! Comp4 | Comp.5 | Comp.B6 | Comp.7 | Comp.8 | Comp.9 | Comp.10 | Comp.11
Digits(F) -0.480 -0.103 ‘ -0.443 -0.380 0.304
Digits(R) -0.157 -0.487 -0.167 -0.102 -0.144 -0.235 -0.103 -0.257 -0.200
COWAT -0.145 -0.305 -0.314 0.146 -0.370 0.164 0.293 0.380 0.272
Bryden 0.409 -0.568 -0.388 -0.410 0.199
RCFcopy -0.240 0.231 -0.202 -0.235 -0.263 0.366 -0.284 -0.581 -0.185
RCFrecall -0.326 -0.2489 -0.149 -0.168 | 0.126 0.128 -0.127 0.571
Stroop Colour-
Words -0.284 8.535 -0.184 0.420 -0.223 -0.372
Stroop Errors 0.218 -0.148 -0.423 -0.340 0.534 -0.488 0.116 0.163
RAVLT
Immediate
memory -0.296 0.301 0.489 0.166 -0.263 -0.124 0.109
RAVLT
Learning Rate -0.226 -0.494 -0.341 0.409 0.348
RAVLT Total
Learning -0.418 0.264 0.178 0.263
RAVLT
Recognition -3.383 0.247 -0.167 0.150 0.265
WCST
categories -0.305 0.274 -0.328 0.197 -0.116 -0.119 -0.138
WCST trials to
1" category | 0239 ! -0.295 0.399 0.115 0.147 0.246 0.266
WCST Failure
to maintain set 0.135 -0.336 -0.688 -0.286 -0.155 0.110 0.279 -0.237
WCST
perseverative ‘
errors 0.249; -0.236 £.372 0.145 -0.263 0.271 | -0.178 -0.158 -0.174
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1Q | | -0.371] -0.355| 0.166 | 0174 | 0.491 | | 0323 -0.308
Importance of components:

| Comp.1_ | Comp.2 | Comp.3 ‘ Comp .4 ; Comp.5 | Comp.6 { Comp.7 | Comp.8 ‘ Comp.9 | Comp.10 | Comp.11
sb 2.034 1.373 1.247 1.165 | 1.077 1.050 0.969 0.940 0.884 0.835 0.746
% of variance 24% 11% 9% 8% 7% 6% 6% 5% 5% 4% 3%

i Cumulative 24% 35% 45% 53% 59% 66% 71% 77% 81% | 85% 89%
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[n order to try and avoid the problem of multiple testing the PCA results were used in
conjunction with basic neuropsychological theory to reduce the 19 variables listed in
Table 4.2 into four super categories. These have been loosely labelled as Memory,
Verbal Intelligence, Cognitive Flexibility, and Cognitive Control. The f[irst two
components of the PCA were left largely intact except that number of categorics
obtained on the WCST was removed from the first PCA component. The third
component seemed to load mostly on WCST variables except for the theoretically
incongruous immediate memory component of the RAVLT which was excluded from
the super-variable. The two measures of Stroop performance were added together to
obtain the Cognitive Control component. For cach individual, a standardised super-
variable was calculated by re-scaling the sub-variables so that they all had the same
mean and standard deviation, and then averaging them. The neurocognitive tests

making up cach super-variable are listed in Table 4.4, below.

Table 4.4. Neurocognitive Supervariables.

Méﬂuper-Variable "

Sub-Components

_ Memory

RCF (recall); RAVLT (lotal learning and

recognition).

 Verbal Intelligence

Digit Span (F+R); COWAT,; SA-WAIS

(general knowledge).

‘wcwbgnitive Flexibility WCST  (number  of calegories  +

perseverative errors).

Cognitive Control Stroop (number of colour-words + errors)

A mixed model ANOVA testing the relationship between scores on these variables
and psychiatric diagnosis was carried out, once again employing family of origin as a
random factor and age, gender, level of depression and level of hypomanic

symptomatology as covariates. The results are listed in Table 4.5, below.

The BPD 1 group performed significantly worse than controls on the Memory

component (F=3.38; p<0.01) of the cogmtive battery. No significant differences
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between the diagnostic groups could be detected on the other three components,

Verbal Intelligence, Cognitive Flexibility and Cognitive Control.

Table 4.5. Mixed Model ANOVA with Neuropsychological Super-Variables.

MSuper- Sample | F- p-value | Significant After | Nature of
variable Size value Correction? Relationship
Memory 212 3.38 | 0.0037** | Yes BPD1<C
Verbal 216 0.754 | 0.6075 NA NA

Intelligence

Cognitive 215 0.368 | 0.8983 NA NA

Flexibility

Cognitive 201 0.882 | 0.5090 No NA

Control

Based on the results of the above mixed-model ANOVA, a decision was taken to
make use of the Memory endophenotype for the genctic analysis. The QTDT program
was run on the data in order to obtain an estimate of the familiality of this construct. A
weak trend towards significance was observed for the Memory super-variable

(F=2.80, p=0.0945).

The QTDT algorithm was then used to detect evidence for linkage between the 25
polymorphic markers on nine chromosomes and the Memory endophenotype. The
analysis was characterised by a preponderance ol negative results and thus the data
arc not displayed in tabular format. In the total cohort the most promising suggestion
ol" linkage to the Memory trait was found for the marker D10S564 (¢*=6.59,
p=0.0102) on 10¢23.3, but the two adjacent markers which lie less than 1 Mb away
were not statistically significant. D10S1753 and D10S1171 returned x2 scores of 0.94
(p=0.3319) and 2.59 (p=0.1072), respectively. A score of borderline significance was
also obtlained for the marker D225421 (x*=3.65, p=0.0562) at 22¢11.2, but again the
adjacent markers did not produce statistically significant results (D22S315: 2=0.55,
p=0.4579; D22S1164: ¢*=2.16, p=0.1414). In addition, no significant results were

forthcoming when the Afrikaner and British ancestry groups were analysed
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independently, however in pedigree 30, 2 out of the 3 markers on chromosome 22q1 1

were highly significant. See Table 4.0, below.

Table 4.6. Results of Quantitative Linkage Analysis using Neurocognitive Markers:

Family 30.

Marker | Memory
D22S421 12=33.38 (p<0.0001)
D22S315 1=1.41 (p=0.0065)

D22S1164 =0 (p=1)

Regarding the association analysis, a significant relationship between DR/D4 and the
memory construct was detected in the {ull sample, (¢*=12.79. p=0.0123), and the
Afrikaner ancestry cohort (x*=14.21, p=0.0067). A trend towards significance was
also observable for the subsetl of individuals of self-reported British origin (x*8.49,
p=0.0741). The 4R allele was associated with lower “memory” scores. In addition, the
DRD4 120bp ins/del polymorphism was of borderline significance in the Afrikaner
ancestry sample (x*=3.82, p=0.0506) with the short (deletion) altele associated with
poorer performance. No other statistically significant associations were obtained with

the QTDT analysis. The details are available in Tables 4.7-4.9, below.

Table 4.7. OTDT Association Analysis. All Subjects: Memory.

Variant | N Chi Square p-value Risk Allele

COMT 203 | 0.97 0.3244 NA

5-HTTLPR 204 10.13 0.7188 NA

SERT VNTR 202 1013 0.9375 NA

D4 VNTR 204 | 12.79 0.0123* | 4R

D4 120 199 | 2.02 0.1553 NA

D2 195 |2.62 0.1053 NA o
DAT 203 | 1.41 0.4935 NA

BDNF 205 |0.02 10.8845 NA |
Apol 201 | 3.48 0.1758 NA N
' Notch4 197 | 3.08 1 0.6882 NA

- Prion ‘ 200 | 0.94 0.3329 NA




Table 4.8. OTDT Association Analysis. Afrikaner Ancestry Sample: Memory.

Variant N Chi Square p-value Risk Allele
COMT 113 0.05 0.8292 | NA
S-HTTLPR 113 0.00 0.9474 | NA
SERT VNTR 112|091 0.6350 | NA )
D4 VNTR 113 | 14.21 0.0067** | 4R -
D4 120 111 | 3.82 0.0506 | Short
D2 109 |2.02 0.1099 | NA
DAT 109 |0.13 0.7148 | NA
BDNF 114 {030 0.5869 | NA
Apok 112 |2.84 0.2422 | NA
Notch4 110 [2.79 0.5943 | NA
Prion 113 0.7502 NA

| 0.10

Tablc 4.9. OTDT Association Analysis. British Ancestry Pedigrees. Memory.

Yariant N Chi Square p-value | Risk Allele
comMr 72 1055 0.4592 | NA
S-HTT LPR 74 |0.13 0.7188 | NA

SERT VNTR 73 070 0.7050 | NA

D4 VNTR 74 | 8.49 0.0751 | 4R

D4 120 71 023 0.0296 | NA

D2 69 | 1.28 0.2582 | NA

DAT 73 0.52 0.4692 | NA

BDNEF 74 1 0.06 0.8037 | NA

Apol 72 | 1.89 0.3894 | NA

Notchd 70 | 7.40 0.1163 | NA i
Prion 70 | 0.65 0.4215 | NA
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A mixed-model ANOVA was used to test for an association between the MAO-A
variant and the Memory super-variable. In the full sample, possession of the low-
activity variants (2R, 3R, 5R) of the MAO-A promoter polymorphism appeared to
result in lowered performance on the visual and verbal memory tasks (1=-2.011,
p=0.0461). The same association between Memory and MAO-4 held for the sample of
Afrikaner ancestry (1=-2.101, p=0.0394) but no statistically significant relationship

was observed in the British ancestry cohort (t=-1.020, p=0.3120).

4.6. Discussion.

4.6.1. Neuropsychological Differences Between the Diagnostic Groups.

The RCF is a test of visual-spatial function, strategy and visual memory. The
diagnostic groups did not differ from each other on the copy component of the task
indicating that visual-spatial deficits of the type that typically result from structural
lesions to the right cercbral cortex are not characteristic of the affectively 1ll sample.
Nevertheless, both the BPD 1 and MDE-R groups performed worse than their
unaffected relatives on the recall component of the RCIT (y*=2.7, p=0.0157). This
result may be indicative of memory delicits, in other words, the inability to convert
information stored in short-term memory to long-term memory. Alternatively it may
reflect poor strategy on the part of the alfectively ill group when copying the Rey
diagram. Since a mcasure of copying strategy was not used, these two possibilities
cannot be differentiated and this is a methodological weakness. Nevertheless, an
examination of the results of the verbal memory task, the RAVLT, suggests that the
deficit in performance may be the result of memory difficulties rather than strategic

thinking, planning or cognitive organisation.

The BPD I group performed worse than controls on the learning ratc component of
the RAVLT (F=2.9, p=0.0105) which is the difference in score between the fifth and
first attempt at recalling the list of words read to the individual. This score is
indicative of the verbal Jearning that has taken place over the trials. The BPD 1 group
also showed performance decrements on the delayed recognition component of the

task (F=2.9, p=0.0104) in which the examinee is given a sheet of words and asked to
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pick out the words that were read to him or her earlier. [f a true memory problem
cxists, that is, the individual is unable to encode the information read to him or her,
then being presented with a forced-choice list of word prompts will not aid recall to a
significant degree. On the other hand, if the information is encoded in long-term
memory but simply cannot be accessed by the individual, then reducing the cxecutive
demands of the task - in this case presenting the patient with a written list of words
containing the previously dictated words, will greatly benefit performance (Squire
1987). The lact that the BPD 1 group also performed significantly more poorly than
controls on the recognition component of the RAVLT indicates that these individuals

may suffer from a true encoding or storage problem.

If poor scores on the RCF and RAVLT are not an artefact of poor strategic thinking or
planning, then the next step is to ask whether the encoding problem is the result of
(structural or functional) damage (o the hippocampal structures of the medial temporal
lobe, or whether the memory deficits result from poor concentration or attention. A
number of researchers have argued that ceuthymic bipolar patients suffer f{rom
attentional problems, in particular difficulties with sustained attention (Clark et al.
2002; Clark et al. 2005) and it is thercfore plausible that this is the cause of the
“memory” deficits observed in the UCT sample. A test of sustained attention per se
has not been included in the battery but if an attention deficit is to blame for the
deficient RAVLT recognition performance than the effects of this deficit should be
scen on other neuropsychological tasks. More specifically, one would expect equally
poor performance on tests such as the Digit Span, the failure to maintain cognitive set
component of the WCST, or even the first recall trial of the RAVLT. A perusal of
Table 4.2 indicates that no statistically significant differences in performance between

the various diagnostic groups were found on these tasks.

The results of this study are concordant with a number of neuropsychological
investigations of euthymic bipolar patients. Cavanagh ct al. (2002) tested 20 matched
cases and unrelated controls and found that their bipolar group performed
significantly worse than the controls on the recall component of the CVLT a similar
task to the RAVLT. Therc was also a trend towards significance on the recognition
component of the task (p=0.09) and given the modest sample size this result may be

clinically 1f not statistically significant. A more recent study by Thompson et al.
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(2005) that controlled very strictly for state effects found strongly significant
differences between bipolar and control subjects on both the recall and recognition

components of the RAVLT.

Regarding visual memory, Altshuler et al. (2004) found that their bipolar group
performed significantly worse than unrelated controls on the recall component of RCF
while van Gorp et al. (1998) compared 25 bipolar patients and 22 unrelated controls
on the same test and reported a score of borderline significance for the difference in
recall performance between the two groups (p=0.07). Since strategic planning of the
Rey diagram is not usually measured by researchers, like in this study, it is unclear
whether these dceficits in visual recall are caused by an executive or a true memory
dysfunction. Nevertheless, there is some evidence for the latter phenomenon with
Rubinsztein et al. (2000) detecting BPD-specific visual memory recognition deficits
on the Cambridge Neuropsychological Test Automated Battery (CAN-TAB). On the
other hand, Deckersbach et al. (2004) did make use of a quantitative measure of the
organisational strategy of the RCF copy test and found that differences between
bipolar and control individuals in the quality of the figure recall were no longer
significant afler the effects of organisation were partialled out of the statistical

analysis.

Other findings stand in contradistinction to the study results. Ferrier et al. (1999)
detected significant differences between their bipolar and control groups on the
RAVLT and recall component of the RCF, but these differences disappeared after
controlling for depressive symptomatology. Clark et al. (2002), Martinez-Aran et al.
(2004) and Altshuler et al. (2004) reported verbal recall but not recognition deficits as
evinced by the CVLT. Jones et al. (1994) found no difference between their bipolar
group and controls on the RCF while Zubicta et al. (2001) were unable to detect
visual memory performance differences between their cases and controls on the
WMS. Given their small sample of 15 bipolar patients and healthy controls, however

this may be a function of statistical power.

As the above discussion indicates, it is unclear [rom the literature whether the
“memory” dysfunction characteristic of cuthymic bipolar patients is a consequence of

poor mental organisation and strategic thinking, attentional deficits, or damage to the
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memory machinery of the medial temporal lobes. Savitz et al (2005¢) concluded that
the neuropsychological deficits associated with BPD are the result of genetically
driven variation in highly dynamical and interdependent networks supporting various
aspects of cognition, especially exccutive-type processes. The reader 1s referred 1o this
paper for a more detailed argument. As discussed in Savitz et al (2005a) and Savitz et
al. (2005b) studies of unaffected relatives of bipolar patients support the notion that
ncuropsychological dysfunction in BPD is underpinned by genetic variation. These
data may help to elucidate the underlying cause of the memory deficits characteristic

ol BPD.

Gourovitch et al. (1999) compared the neuropsychological performance of
monozygotic twins discordant for BPD and found memory deficits - as evinced by the
WMS and the CVLT - in both the non-affected and affected members of the twin pair.
The alfeeted twins showed recognition as well as recall difficulties while their healthy
counterparts displayed only recall problems. Another study of unalfected relatives
confirmed that verbal recall difficultics seem to be a neuropsychological marker of a
genetic liability to BPD (Keri et al. 2001). McIntosh et al. (2005) also reported that
the unaflected relatives of their bipolar cohort showed memory deficits as evinced by
the Rivermead Behavioural Memory Test, but the authors do not report whether recall
and recognition memory or just recall performance was worse in the relative group.
Visual memory impairments may be equally characteristic of a bipolar diathesis.
Ferrier et al. (2004) reported that their control group outperformed the relatives of
individuals with BPD on a spatial recognition memory task but no statistical

difference between the groups was observed on the RAVLT (Ferrier et al. 2004).

Unfortunately, these data have not completely resolved the issue. Two out of the three
neuropsychological analyses of memory performance in at-risk relatives indicate that
poor verbal recall but not recognition memory may be an endophcnotype of affective
1llness, while one study suggests that visual recognition memory is a marker for a
bipolar diathesis. On the other hand, the ncuroimaging literaturc (reviewed in Savitz
ct al. 2005b) tends to suggest that executive rather than memory (hippocampal)
dysfunction per se is a potential marker of a genetic susceptibility 1o bipolar illness
although the salient weakness of these studies is a dearth of information [rom

cuthymic hipolar cohorts.
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Functional imaging studies of depression have consistently reported hypofrontality,
with the dorsolateral prefrontal cortex (Soares and Mann 1997b); the subgenual cortex
(Drevets ¢t al. 1997; Pizzagalli et al. 2004); the anterior cingulate (Mayberg et al.
1994; Mayberg et al. 2000), and the medial prefrontal cortex (Dolan et al. 1994,
Kruger et al. 2003) all implicated. Blumberg et al. (2003) contend, however, that the
weight of evidence points to decreased dorsal prefrontal cortex and anterior cingulate
gyrus activation, but increased activity of the ventral prefrontal cortex during
depression. Mania is associated with the opposite pattern with decreased ventral and
increased dorsal activity of the prefrontal cortex (Blumberg ct al. 1999; Blumberg et

al. 2000).

Concerning the structural imaging data, volume reductions of the anterior cingulate
cortex have been described on a number of occasions, especially the left subgenual of
the anterior cingulate (Drevets et al. 1997; Hirayasu et al. 1999). Volume reduction of
the anterior cingulate cortex has also been found in subjects at high familial risk for
BPD and has been suggested by Hasler et al. (2000) to be a potential endophenotype

for the disorder.

White matter hyperintensities (WMH) as evinced by T2 weighted MRI are known to
incrcase with age and are associated with conditions such as hypertension and
arteriosclerosis, indicating an ischemic aetiology (Bearden et al. 2001). One of the
most replicated [indings in the literature is the presence of WMH of the subcortical
white matter of the frontal lobes and basal ganglia (Videbach 1997; Lyoo et al. 2002).
Figiel et al. (1991) announced that they had found WMH in two bipolar patients in
their mid-twentics. Botteron et al. (1992) discuss a case of 14-year-old patient with
BPD who displayed pronounced WMH on imaging. [n a sample of 8 bipolar children,
the same group reported WMH in two of the subjects (Botteron ct al. 1995).
Strakowski et al.’s (1993) 18-strong first episode sample of patients with mania
exhibited 1.7 times as many WMH as controls, but the diffcrence was not statistically
significant. Aylward ct al. (1994), and Dupont et al. (1995), however, both uncovered
significantly higher percentages of WMH in their middle age bipolar samples relative
to maiched control groups, and Lyoo et al. (2002) report a WMH prevalence of 2.4%
and 17.9% in their 42 and 56 strong schizophrenia and bipolar samples, respectively.

Pillai et al. (2002) uncovered an even stronger effect: Ten out of 15 of their sample of
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adolescent bipolar patients showed evidence of WMH, approximately double the
prevalence of schizophrenic or control subjects. Videbech (1997), Soares and Mann
(1997a), and Sheline (2003) postulate that the location of the WMH is suggestive of a
delective frontal-basal ganglia circuit, evoking parallels with the frontostriatal circuit

implicated in the functional studies of affective illness described above.

In sum, it has been demonstrated that bipolar patients show visual recall and verbal
recall and recognition problems. The results of this study mirror precisely the
conclusion rcached by Glatt et al. (2004) in their review of the literature that executive
dysfunction and declarative memory deficits are characteristic of BPD. Based on
another review of the neuropsychological and neuroimaging literature it was
concluded by Savitz et al. (2005b) that the most likely explanation for the available
data is a genetically-driven disturbance of the fronto-striatal neural networks,
impairing emotional regulation and executive function. This conclusion appears Lo
contradict the (inding of this study that bipolar patients show deficits on both recall

and rccognition memory. How can these conclusions be reconciled?

One potentially confounding variable that has not been discussed 1s medication. The
medical regimen of the individuals who participated in the neuropsychological testing
aspect of the study is detailed in Table 4.10, below. The numbers of individuals on
cach type of treatment is displayed separately for the various diagnostic groups. Many
of these patients are medicated with more than one type of drug and for practical
reasons these combinatorial data are not shown. The miscellaneous group consists
inter alia of patients with schizophrenia and hence the presence of antipsychotic

medication in this column of the table.

The BPD 1 group was much more heavily medicated with anti-psychotics and mood
stabilizing agents, in particular lithium, than the other diagnostic groups. Similar
levels of anti-depressant and benzodiazepine consumption were observed across the
BPD I, BPD [I, and MDE-R groups. The MDE-S and MDE-R groups also showed
similar treatment profiles although less of the former group were receiving treatment.
Clearly anti-depressant medication is not responsible for the cognitive deficits seen in
the BPD I and MDE-R groups but it is much more difficult to rule out the effect of the

ollier classes of drugs.
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Donaldson et al. (2003) reported that treatment of their bipolar cohort with
antipsychotic medication at the time of testing was a statistically significant predictor
ol cognitive, including memory performance. This result is congruent with some of

the literature that has examined the cognitive effects of psychotropic medication.

Pachet and Wisniewski (2003) reviewed all studies of the cognitive effects of lithium
published between 1968 and 2000, and concluded that lithium adversely affects
psychomotor speed and verbal memory, but not visual-spatial function or attention. In
line with this finding, a study of the effects of lithium on the cognitive performance of
healthy individuals was carried out by Stip et al. (2000) who reported that the placebo
group recalled significantly more words than the lithium group on a test of “long-term
memory”. Valproate and carbemazepine, on the other hand have been reported to
cause attentional difficulties (Thompson and Trimble 1982). In a more recent study,
Prevey et al. (1996) found no decline in neurocognitive performance pre and post-
trcatment with either carbemazepine or valproate. Prevey et al. (1996) do state
however, that their treatment group did not show the practice effects observed in the
control sample suggesting the presence of “subtle” medication-related cognitive
deficits. Neuroleptics have been associated with sustained attention and visuomotor
speed deficits (King 1994), and benzodiazepines are known to interferec with memory
(Stein and Strickland 1998). Zubieta ct al. (2001) found that performance on the

WCST was negatively correlated with years of exposure to antipsychotic drugs.

In a longitudinal study, however, Engelsmann et al. (1988) failed to detect evidence of
cognitive decline over a six year period in a sample of BPD patients treated with
lithium. Comparison of long-term and short-term lithinum treatment groups also failed
to yield significant memory score differentials (Engelsmann et al. 1988). More recent
work (Drevets 2000; Manji et al. 2000) indicates that lithtum and sodium valproate,
rather than impacting negatively on cognition, actually exert a neuroprotective cffect
on neuronal tissue. As noted by Murphy and Sahakian (2001) and Bearden ct al.
(2001) however, patients with BPD are often treated with complex combinations of
mood stabilisers, anti-depressants, antipsychotics and anxiolytics, and the

combinatorial effects of these drugs on cognition is a matter of speculation.



186

Table 4.10, Pharmacotherapy of the Sample Assessed with Neurocognitive Tests.

Medication BPDI |[BPDII |MDE-R |MDE-S | Other

'SSRUSNRI 1 8§ 12 3 3

“AD Other 9 3 7 2 [

- Lithium 23 0 2 |0 0
Valproate 12 2 | 0 0
Carbamazepine ) 0 0 0 0
Lamotrigine 8 3 1 0 0 B
Topiramate 3 2 0 0 0
Phenytoin ] 0 0 0 0
Clozapine 5 0 0 0 1
Zuclopenthixol 2 o 0 0 0
Risperidone 1 0 0 0 0

“Thioridazine 4 0 1 0 0
Trilluoperazine 0 0 0 0 2
'61:phena,d rine 0 0 0 0 1

Clopixal 3 0 0 0 0 B
Trihexyphenidyl 1 0 0 0 0
Benzodiazepine 4 3 3 1 0

Nl 0 6 23 29 15
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In conclusion then, a genetically-driven dysfunction of fronto-striatal networks
underpinning various aspects of neurocognition is most likely pathognomonic of BPD
and accounts for the deficits in recall memory performance scen in this study and
other published work. The finding of impaired recognition memory, a phenomenon
which has also been inconsistently reported in the literature, could be the result of
either temporal lobe dysfunction or iatrogenic treatment effects. The latter hypothesis
is favoured by the author but the genetically heterogeneous nature of BPD renders the
situation more complicated, because of the plausible presence of distinct subtypes of

the illness with and without a dysfunctional medial temporal cortex.

This neuropsychological study of BPD differs from alrcady published studies in a
number of important respects. To the best of the author’s knowledge this is one of the
largest, or even the largest sample of euthymic patients with BPD spectrum illness
ever lested. [t 1s also one of the few studies to examine a BPD 11 cohort separately
from a BPD 1 group, and to differentiate between individuals with MDE-R and MDE-
S. In addition, although a trilateral comparison of the performance of unipolar, BPD
and control subjects has been reported many times in the literature, these unipolar
groups were not recruited from BPD flamilies. Thus this study afforded a novel
opportunity to compare patients with BPD spectrum illness to BPD 1 individuals and
unalfected relatives. However because the primary purpose of this thesis was a
genetic study of BPD families, an unrelated group ol controls has unfortunately not

been assessed, and this is the major weakness of this component of the study.

The MDE-R but not the MDE-S group resembled the BPD T group n perlorming
worse than controls on the recall component of the RCF. No differences between the
MDE-R group and the unaffected rclatives were however apparent on the verbal
memory task (see Table 4.2). Basso and Bornstein, (1999) compared patients with a
first episode of major depression and individuals with a history of multiple episodes
ol depression and concluded that the MDE-R group but not the first episode cohort
exhibited verbal recall but not recognition delicits on the CVLT. Similar results were
obtained by Fossatti et al. (2004) with a slightly different memory test. These results
arc nominally equivalent to the findings of this study with the exception that verbal as
opposed to visual memory was found to be impaired. Nevertheless, acutely ill

unipolar patients were recruited by these authors without specifying whether they had
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a family history of bipolar illness and thus it is doubtful whether the results of this

thesis should be considered to be a replication of these lindings.

While Basso and Bornstein (1999) and Fossatti et al. (2004) interpret their results in
light of the putative brain-damaging eflects of multiple episodes of depression, it is
hypothesised here that the MDE-R and BPD I groups share some degree of genetic
ltability to affective illness and hence the observed deficits in visual recall. The MDE-
S group on the other hand, probably has no genetic predisposition to BPD and
resembles the average cohort with sporadic, mild depression. This conclusion is
supported by the finding (see Chapter 3) that the MDE-S group also diflered from the

MDE-R group in terms of personality characteristics.

Although there has been some suggestion that the experience of chronic affective
illness changes personality over time (Hirschfeld et al. 1989) other studics have
disputed this conclusion. Katz and McGuffin (1987) concluded that past depressive
episodes only explained 1% of the variance in neuroticism scores in their sample.
Shea et al. (1996) assessed their sample before and after an episode of clinical
depression and found no evidence that a single depressive episode results in
personality change, although the effect of chronic depression on personality structure

remains hypothetical.

As in the case of the personality analysis the BPD 1 group differed {rom both the
BPD 1 and MDE-R groups and did not perform significantly differently from
unaftected relatives. Whether this is an issue of sample size and by implication
statistical power or whether the UCT BPD Il cohort represents a distinct nosological
entity is unclear. Coryell et al. (1984) found similar rates of BPD I and BPD [1 in BPD
I probands. In the first-degree relatives of BPD I probands however, 3% were
diagnosed with BPD I but 30% suffered from BPD Il (Coryell et al. 1984). This may
indicate that BPD II is not just a less severe form of the bipolar phenotype caused by
the presence of less risk alleles than in the case of BPD 1 (see Chapter 0), but is at

least a partially distinct genetic condition.

In order to ameliorate the problem of multiple testing, a PCA was conducted on the

data in order to identify a smaller number of underlying components which could be



189

used as potential endophenotypes. The PCA results were used in conjunction with
neuropsychological theory to identify four potential endophenotypes: Memory, Verbal
Intelligence, Cognitive Flexibility and Cognitive Control. Performance on the
Memory (F=3.38, p==0.0037) but not the Verbal Intelligence, Cognitive Flexibility and
Cognitive Control super-variables diffcred between the BPD I and MDE-R group and
their unaffected relatives. The Memory variable was therefore sclected as an

endophenotype for the QTDT linkage and association analyses.

There was a weak trend towards significance for the Memory construct heritability

endophenotypes for molecular genetic analyses of bipolar disorder is not only
supported by this heritability calculation, but by the literature as a whole. As
discussed 1n detail above, performance on memory tasks has been shown by numerous
researchers to distinguish bipolar patients and to a lesser extent their healthy relatives,

{from unrelated control populations.

4.6.2. Linkage Analysis.

The analysis of pedigree 30 led to suggestive evidence that a variant influencing
Mcemory performance is located on chromosome 22q11, with one marker returning a
¥? score of 33.38 (p<<0.0001), and the adjacent marker also statistically significant
(x*=7.41. p=0.0065). On the other hand, the third typed marker was not linked to
Memory  performance (3*=0, p=1). If genuinc linkage between the quantitative
Memory trait and 22q11 exists it is not clear why the binary linkage analysis in family
30 returned negative results (see Chapter 2). Perhaps the quantitative linkage analysis
is more powerful. Alternatively, the low density of BPD individuals in family 30 may
mecan that the pedigree differs genctically and neuropsychologically from other
bipolar families. It is also surprising that two of the markers were strongly linked with
Memory but the third marker returned a y* score of 0. Approximately equal numbers
ol alleles were observed for both sets ol these markers in the UCT cohort and thus
differences in marker informativity are unlikely to account for the above results. See

Figure 4.1, below. 1t could be argued ceteris paribus that there are likely to be
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genolyping errots in marker D22S1164 which led to the non-significant results. This

region around chromosome 22q11 will have to be investigated further in family 30.

D225421 D22S8315 D2251164
65 Kb 107Kb
B >
HTZ =0.81 HTZ=0.80 HTZ=0.76

Figure 4.1. Location and Heterozygosity of Chromosome 22 Markers.

Perhaps owing to the possible linkage detected in family 30, weak evidence of a
prospective memory QTL on chromosome 22¢11.2 was also obtained in full sample
with a maximum 2 score of 3.65 (p=0.0562) for the marker D225421. Again there
was a very slight trend towards signilicance in one of the adjacent markers
(D22S1164: ¥*=2.16, p=0.1414), with the third marker returning a non-significant
score (1D22S315: 4*=0.55, p=0.4579).

It is tempting to speculate that the linkage between the 22q11 markers and Memory
performance is due to the actions of the COMT gene Vall58Met polymorphism which
is located in this region ol the genome. It does however, seem unlikely that the
putatively small functional effect of this variant could be detected in a linkage
analysis. Perhaps another COMT variant or a polymorphism in the proximity of the

gene exerts a much more signilicant effect on neurocognition.

Tacit evidence of a quantitative trait locus (QTL) for verbal and visual memory on
chromosome 10g23.3 was also observed, with the marker D10S564 returning a
statistically significant ¢* score of 6.59 (p=0.0102) in the {ull sample. A weak trend
towards significance was also observed for the ncighbouring marker, D10S1171

(x*=2.59, p=0.1072). The third marker in the region, D10S1753 (4*=0.94, p=0.3319)
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was not statistically significant. Marker heterozygosity as provided by the Human
Genome Database (www.gdb.org) was approximately equivalent across the markers
and this was confirmed in the UCT sample with 14-16 alleles detected. Thus marker
informativity is unlikely to vary significantly between the triad of markers. See Figure

4.2, below.

D10S1753 D10S564 D10S1171
190 Kb 100 Kb
——p >
HTZ =0.74 HTZ=0.60 HTZ=0.69

IFigure 4.2. Location and Heterozygosity Scores of the Chromosome
10 Markers.

As described in Chapter 2, combined Merlin-SimWalk2 NPL scores of 1.56, 1.56, and
2.01 were obtained at the markers D10S1753, D10S564, and D10S1171, respectively,
in the Caucasian group of self-reported British origin under the broad affection status
model. Assuming the validity of the neurocognitive linkage statistics, it could be
argued that the same genetic variants that disrupt the integrity of neural circuits
involved in emotional regulation, lead to functional alterations ot neural pathways that
mediale cognitive processes like executive processing or memory, and that one or

more of these variants are to be found in the region around 10¢23.

The relative novelty of the author’s endophenotyping strategy means that no direct
comparisons can be made with previous published work in the bipolar literature. A
[ew recent studies have, however attempted to identity neurocognitive
endophenotypes for other forms of psychopathology. Paunio et al. (2004) conducted a
genome-wide analysis in a large Finnish schizophrenia sample comprising 598

individuals (179 with schizophrenia) from 168 nuclear families. These rescarchers
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made use of the variance-components program, SOLAR which has similarities 1o
QTDT, and detected potential QTL for verbal learning and memory on 4q21
(2=3.01), and visual working memory on 2q36 (Z=2.80). The interesting aspect of the
Paunio et al. (2004) study was that the authors used a similar battery of tasks to that of
the UCT study, but elected to make use of 11 different endophenotypes, obviating the

need for PCA analyses but increasing the risk of Type | errors.

In a similar type of study, a sample of 217 pedigrees with a history of alcoholism
showed significant linkage between performance on the Digit Symbol Substitution
Test (a measurce of attention and executive function), and markers on chromosome
14q11.2 (Buyske et al. 20006). Evidence lor linkage between performance on the Digit
Span test and markers on m the region of chromosome 11g25 was also reported
(Buyske et al. 2000). Finally, Posthuma et al. (2005) carried out a genome-wide scan
with 634 healthy sibling pairs and reported linkage between performance and verbal
[Q scores and markers in the region of 2q24-31 and 6p25-22, with LLOD scores of 4.40

and 2.33, respectively.

Given these positive results, how can the largely negative results reported in this study
be explained? Firstly, none ol the above-mentioned studies detected QTL for
cognition in the chromosomal regions that were typed in this study, and therefore it is
plausible that genctic factors inlluencing cognition or more specilically memory do
not exist in these arcas of the genome. Nonetheless, given the hypothesised role of
neurocognitive factors in BPD there may be other reasons for the absence of positive

results

A sample size of 225, while large (or a neuropsychological study, is modest by the
standards ol genetic analyses. It is therefore plausible that this sample suffers from a
lack of power to detect true eflects although this does not explain the host of

statistically significant findings described in Chapter 2.

A more appealing explanation is that neuropsychological analysis 1s a rather blunt tool
for detecting functional perturbations in discrete neural circuits. As pointed out above,
there 1s no linear relationship between performance on a neuropsychological task and

damage to or dysfunction ol a specific neural network. Another weakness of
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neuropsychological analyses is there are many reasons beyond neurological deficits
[or poor performance on a particular task. These faclors include mental alertness
(tiredness), motivation, anxiety, hunger, thirst, emotional state, level of education,
vocational experience, and general intelligence. An attempt was made to control for
some of these factors (anxiety and mood) and a conscious decision was taken not to
control for education level (see section 4.4.5), but nevertheless, a small genetic elfect
can easily be lost in the noise of the overall assessment. This is one of the reasons
why there has been a recent trend towards the use of neuroimaging modalities for the
detection of possible neurocognitive endophenotypes. At this point in time, however,

the financial and temporal cost of imaging hundreds of individuals is prohibitive.

The fourth plausible reason for the gencral absence of statistically significant evidence
for linkage 1s the underlying genetic architecture of cognition. Whereas pathology,
psychiatric or otherwise, can be intuitively conceptualised as the product of rare
genetic  variants  with  large  phenotypic  effects, subtle bipolar-associated
neurocognitive abnormalities are perhaps more likely to result from common genetic
variants which are not amenable to linkage analysis. On the other hand, il this
hypothesis is true then the putative QTL uncovered by Paunio et al. (2004) and
Posthuma et al. (2005) and the equivocal evidence for a “memory” QTL on 22ql11 in
this study could be construed as Type | errors since linkage analyses do not have the
power to identify weak susceptibility variants. This issue is discussed in greater detail

in Chapter 6.

4.6.3. The Association Analysis.

The 48-bp VNTR repeat in the DRD4 gene was strongly associated with both visual
and verbal memory (the Memory super-variable) in the total sample (¥*=12.79,
p=0.0123) and the Aflrikaner ancestry group (y*=14.21, p=0.0067). A trend in the
same direction was observable in the British ancestry subgroup (¥*=8.49, p=0.0751).
In all cases, the 4R allele was associated with poorer memory performance. In
addition, the DRD4 120bp tandem-duplication promoter polymorphism was weakly
associated with Memory in the Afrikaner ancestry cohort (¥*=3.82, p=0.0506) with
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the short allele a potential risk factor for lowered Memory function. The short allele is

over-expressed relative to the Jong variant (D’ Souza et al. 2004).

The author is not aware of published data implicating the DRD4 gene in memory.
Four papers have however described an association between alleles of the DRD4
VNTR polymorphism and attentional performance. Three out of the four studics were
carried out on individuals with ADHD, possibly because the DRD4 gene is a
candidate gene for this disorder. While Swanson et al. (2000), Fossella et al. (2002)
and Manor et al. (2002) found that children with a 4R allele or other shorter (2-5R)
allcles performed more poorly on tests of attention and executive functioning,
Langley et al. (2004) report increased impulsivity and therefore worse performance on
a test of behavioural inhibition in carriers of the 7R allele. The results of this thesis
could therefore be broadly interpreted as being consistent with the notion that shorter
alleles of the DRD4 VNTR polymorphism reduce the efficacy of cognitive function.

There are however two caveats associated with this interpretation.

Firstly, the neuropsychological tests used by Swanson et al. (2000), Fossella et al.
(2002) and Manor et al. (2002) such as the Attention Network Test (ANT) and Test ol
Variables of Attention (TOVA) are not tests of memory. Almost all
neuropsychological tests, however, including the RCF and RAVLT have an executive
component to them -~ in this case, planning and strategising performance - and are
thus sensitive to deficits of the prefrontal cortex. It is therefore not inconceivable to
imagine that the same genetic variants influence performance across a range of

neuropsychological tasks.

Secondly, the interpretation of the results {rom the ADHD literature is complicated by
Swanson et al.’s, (2000) hypothesis that there may be two basic etiological subtypes
ol ADHD. One sector of the ADHD population displays a profile suggestive of
significant cognitive impairment. The balance of the population is hypothesised to
carry the 7R allele of the DRD4 VNTR polymorphism implicated in novelty secking
behaviour (Savitz and Ramesar 2004). This genetic subtype may represent an extreme
of tempcrament, manilesting the behavioural but not the neurocognitive problems
associated with ADHD (Swanson et al. 2000). If this postulate is correct then those

individuals with a “genetic subtype” of ADHD (i.e. carriers of the 7R allele) may
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outperform their counterparts who have sustained some exogenous form of damage to
the brain during development. This latter ADHD group will probably not display an
excess of any particular DRD4 VNTR allele. Thus in ADHD samples, although the
7R allele may be associated with better cognitive performance, it may play no role in

cognition and may simply be a proxy for ADHD actiology.

[ the 4R allele does indeed modulate cognitive performance then what might be the
mechanism by which it exerts its putative effects? The 4R allele has been reported to
be more responsive to pharmacological dopamine agonists (Fossella et al. 2002). If
this is the case therr one would expect more cfficient signal transduction in 4R carriers
and a subsensitive response to dopamine in 7R carriers. The effect of the 4R allele
may be amplified by the presence of the short DRD4 120bp tandem repeat allele
which leads to rclative over-expression of the gene. Theoretically the 4R allele could
thercfore be associated with over-activity of the mesocorticolimbic DA pathway
(Swanson et al. 2000) although to the author’s knowledge this remains to be
conclusively demonstrated. This hypothesis does not however explain the
hypothesised association between improved cognition and the COMT met allele

(which elevates the PFC DA level, see scction 4.2).

The low activity variants of the MAO-4 VNTR promoter polymorphism were
associated with poorer performance on the verbal and visual memory tasks (Memory)
in both the total (t==-2.011, p=0.0461) and Afrikaner ancestry (t=-2.101, p=0.0394)

cohorts. A scarch of the PubMed database (www.pubmed.com) suggests that only one

study has examined the effects of the MAO-4 promoter polymorphism on cognition.
Passamonti et al. (2005) obtained MRI data from 24 healthy males while they
completed a Go/No-Go task which measures response inhibition. The right
ventrolateral prefrontal cortex and the right superior parietal lobe were preferentially
activated in high-activity and low activity allele carriers, respectively. Passamonti ct
al. (2005) argue that this demonstrates that response inhibition is dominated by frontal
modulation in the former group while parietal modulation of caudate out{low is
characteristic of low-activity allele carriers. 1t is unlikely that this result can be
generalised to performance on tests of verbal and visual memory which do not
measurc response inhibition, but since the MAO-A enzyme catabolises a variety of

neurotransmitters such as dopamine which arc involved in cognition (Savitz ct al.



196

2005a), the MAO-A-Memory association should not be prematurely dismissed as a

false positive result.

The absence of a significant relationship between the BDNF gene and to a lesser
cxtent the COMT gene and “Memory” performance was something of a surprisc given
the relatively robust association between these two variables in the literature (Savitz et
al. 2006a). It has been argucd previously that genetic heterogeneity is a confounding
variable in genctic analyses of BPD but theoretically endophenotypes should have a
simpler genetic architecture and therefore display greater homogeneity. Whether the
absence of a BDNF-memory association in the UCT sample is due to genetic
heterogeneity is unclear. Another possible cause is lack of statistical power. Although
a sample size of 225 individuals is very large from the point of view ol a
neuropsychological study, [rom a genctic perspective it is modest. The lack of
quantitative neurocognitive data for 125 (350-225) members of the total UCT sample
would have also reduced the statistical power necessary to detect a small cffect.
Nevertheless, this study is larger than 6 out of the 8 samples used in previously

published studies on the topic (sce Savitz ct al. 20006a).

In summary then, the personality and neuropsychological cndophenotypes have
shown somc degree of potential for facilitating the identification of discase genes but
even these simpler phenotypes are most likely influenced by environmental factors
and this is reflected in some of the heritability calculations described above. The
nature of the environmental factors that meditate the development of BPD and
associated phenotypes is unknown. Nevertheless, there is a degree of consensus that
onc factor, exposure to childhood abuse and trauma predisposes to various types of

psychopathology.

It is intuitively plausible that particular genetic variants act as risk factors for BPD
when coupled with carly exposure to abusive experiences. It also seems reasonable to
hypothesise that particular personality endophenotypes are underpinned by a pattern
of gene-cnvironment interactions. The case for early abuse as a mediator of
ncurocognitive function is less clear-cul. Nevertheless, il perturbations in the neural
networks underpinning cmotion disrupt neurocognitive function then the role ol early

environmental experiences cannot be discounted. Childhood neglect may also directly
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aflect the development of neurological pathways sub-serving aspects of cognitive
functioning. Secondly, as will be described in Chapter 5, there is some evidence that
stressful experiences arising from emotional trauma can lead to a degree of
neuropsychological dysfunction. Thus, in following chapter the role of childhood
trauma as a modulator of the genetic risk for BPD, “pathological” personality traits

and neurocognitive dysfunction is explored.



198

Chapter 5

The Influence of the Environment.

‘L did not sleep much that night, and could not get up the following day.... I lay very
still and thought about speaking, trying to figure out how to do it. I moved my tongue
but there were no sounds. I had forgotten how to talk. Then I began to cry, but there
were no tears only a heaving incoherence. I was on my back. I wanted to turn over
but I couldn’t remember how to do that either. I tried to think about it but the task
seemed colossal. 1 thought perhaps I'd had a stroke, and then I cried again for a

while”. Andrew Solomon, (2001, p 49).

5.1. Childhood Abuse and Neglect.

Mueser et al. (1998) point out that most surveys indicate that 30-50% of patients with
severe mental 1llness report past exposure to sexual or physical abuse, and many of
these patients suffer from post-traumatic stress disorder (PTSD). The prevalence of
abuse in the background population is difficult to gauge accurately but a recent World
Health Organisation (WHO) report suggests that approximately 20% of women and 5-

10% of men are victims of sexual abuse (WHO 2002).

Trauma in childhood appears to be associated with a range of different psychiatric
disorders. Almost all of this research is conducted in a retrospective [ashion because
of the practical and cthical difficulties of longitudinal research. A number of studics
have found that exposure to scxual or physical abuse in childhood is a risk factor for
major depression, anxiety disorders and substance abuse in adulthood (reviewed in
Browne and Finkelhor 1986; Hill et al. 2001). In one well-controlled example,
Bifulco et al. (1991) studied 286 “working-class” mothers and estimated the

prevalence of sexual abuse to be 9%. Of these abused individuals 64% presented with
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an episode of major depression within three years of the research interview. The
incidence of depression in the control group of non-abused women was 26% (Bifulco
ct al. 1991). Another important study was that of McCauley et al. (1997) who
interviewed a community-based cohort of more than 2000 women. Subjects with a
history of childhood physical or sexual abuse (but not abuse during their adult years)
presented with more depression and anxiety, and attempted suicide more often than

their abuse negative controls (McCauley et al. 1997).

The prevalence of childhood abuse is also significantly raised in patients with
psychotic disorders. Greenficld et al. (1994) examined 38 patients admilted for a first
episode of psychosis (including individuals with BPD) and found that 20 of these
individuals reported being abused in childhood. Out of 62 chronic inpatients with
psychosis studied by Goff et al. (1991), 43% reported childhood abuse. The abused
patients also presented with higher levels of dissociative symptoms than their non-
abused counterparts. Zimmerman and Mattia (1999) compared psychotic and non-
psychotic unipolar depressives and [ound that the incidence of PTSD was four times

higher i the former.

There 1s a surprising dearth of research examining the effects of childhood trauma on
BPD per se. Both Levitan et al. (1998) and Hyun et al. (2000) reported a significantly
higher incidence of childhood abuse in their bipolar cohorts compared to their
unipolar cohorts. In the latter study, 60% of bipolar males and 44% of bipolar females
reported some kind of abuse compared to 32% of males and 35% of females in the
unipolar cohort (Hyun et al. 2000). Levitan et al. (1998) assessed 653 individuals with
major depression and found a “strong” relationship between the presence of mania

and childhood physical abusc.

Childhood abuse also has an adverse cffect on the clinical course of BPD. Leverich ct
al. (2002) studied 631 consecutive bipolar admissions {inding that 49% of the female
patients reported physical or sexual abuse in childhood or adolescence, while 36% of
the male cohort appeared to have been abused in some way in their formative years,
The abused group had an earlier age of onset, cycled laster, abused more alcohol and
drugs and suflfered from a greater degree of co-morbidity than their non-abuscd

counterparts (Leverich et al. 2002). Garno et al. (2005) assessed 100 consecutive BPD
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patients (predominantly BPD 1) and identified the presence of childliood abuse with
the Childhood Trauma Questionnaire (CTQ). The authors tound that severe childhood
abusc occurred in approximately half of their sample, with one third of the cohort
cxperiencing multiple types of abuse (Garno et al. 2005). Like Leverich et al. (2002),
Garno et al. (2005) detected a relationship between an abuse history and rapid

cycling.

Of the 96 bipolar patients studied by Hammersley et al. (1993), 16% had a history of
childhood sexual abuse and 20% reported being physically assaulted. The rate of
hallucinations in the abused group was 2-3 times greater than the group without a
history ol sexual abuse. The putative association between a history of abuse and rapid
cycling or hallucinations has implications for genetic studics of BPD as both of these
traits have been used as genetic subtypes of the disorder in linkage and association

studies.

Childhood neglect is rarely studied as a separatc phenomenon from abuse but may be
just as serious because of its greater chronicity (sce Hildyard and Wolfe 2002 for a
review). Factors such as chronic poverty, care-giving deficits, homelessness and poor
medical care do not only have physical sequelac but have becn shown increase the
risk of psychopathology (Brooks-Gunn and Duncan 1997; McCall and Groark 2000).
Physically neglected toddlers become angry more casily and are more impulsive than
control children when confronted with tasks that they cannot solve (Egeland et al.
1983). They also tend to suffer from low sell-esteem and generally become socially
isolated and withdrawn as they get older because of avoidant behaviour (Camras and
Rappaport 1993). Similar symptoms beset emotionally neglected children including
poor coping skills and disturbances of emotional regulation during stressful situations

(Hildyard and Wolfe 2002).

In one of the few longitudinal studics conducted, physically and emotionally
neglected children were reported to be at a greater risk for delinquent and violent
criminal behaviour during adolescence and adulthood (Maxfield and Widon 1990).
JTohnson et al. (1999) found that neglected individuals had a four-fold increased risk of

being diagnosed with various personality disorders, and a follow-up study by the
g 5
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same group again emphasised the risk for personality disorders as well as symploms

of anxiety and depression (Johnson et al. 2000).

The risk posed by childhood trauma for the later development of psychopathology
may be mediated in part through the personality trait of neuroticism (N). Ernst et al.
(1993) and Lysaker et al. (2001) both reported that cxposure to childhood sexual
abuse was positively correlated with adult N levels. Roy (2002) tested 532 individuals
with the CTQ and the Eysenck Personality Questionnaire (EPQ), and found a
significant relationship between all types of abuse and neglect - emotional, physical

and sexual - and N as measured by the CTQ.

The physiological mechanisms by which early trauma impacts later psychopathology
has become a burgeoning field ol research. Heim and Nemeroff (2001), in a detailed
review, argue that early exposure to trauma results in long term modification of the
neural circuits that mediate response to stress. The most important of these systems is
the hypothalamic-pituitary-adrenal axis. During a stressful event, cortisol-releasing
lfactor (CRF) is released from the hypothalamus, driving the release ol adreno-
corticotrophic relcasing hormone (ACTH) and other peptides from the pituitary gland,
which in turn results in the release of glucocorticoids from the adrenal cortex (Heim
and Nemerofl 2000). Various studies reviewed in Heim and Nemeroff (2001) are
consistent with the hypothesis that childhood trauma disturbs the functioning of HPA
system, resulting in hyper or hypo-responsiveness to stress. This same circuit is often
impaired in cases of major depression and other aflective illness (Heim and Nemerot{

2001).

Research into the environmental factors such as childhood trauma that contribute to
the aetiology of psychiatric disorders has been largely overshadowed by the
excitement of genetic work. Nevertheless these environmental influences may interact
with genetic factors to induce susceptibility to psychiatric illnesses, and should ideally
be controlled for in genetic rescarch (Farmer et al. 2005). In the next section, some of
the early studies that have begun to elucidate these gene-environment interactions are

discussed.
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5.2, Gene-Environment Interactions.

The potentially important role of environmental factors in mediating psychopathology
coupled with the meagre successes ol traditional genetic methodologies has catalysed
altempts to elucidate the nature of gene-environment interactions. Research has thus
far concentrated on a functional insertion/deletion variant in the promoter of the SERT
gene (5-HTTLPR) and a Tunctional 30bp VNTR in the promoter region of the MAO-A

gene. The latter 1s covered first.

Caspi et al. (2002) carried out a longitudinal study of a cohort of over 1000 children
and followed them into adulthood. Children who were maltreated and carried the low
activity variants of MAO-4 VNTR were more likely to develop antisocial personality
traits. In contrast, the high activity MAO-A variants conferred a protective effect on
maltreated children making them less likely to develop antisocial problems (Caspi et
al. 2002). These results were replicated by Foley et al. (2004) who observed that low
MAO-A activity increased risk for conduct disorder in the presence of an adverse
childhood environment. Huang ct al. (2004) tested 663 individuals with various
psychiatric disorders. No association between the functional MAO-A variant and
mood disorders was detected. The lower expression variant was however, associated
with a history of childhood abusc and higher impulsivity in males (Huang et al. 2004).
The authors interpret these results to indicate that the low activity variant sensitises
the individual o the effects of abuse causing impulsive behaviour in adulthood

(Huang et al. 2004).

The New Zealand birth-cohort followed by Caspi and colleagues yiclded more
interesting data when it was found that the influence of life stress is modulated by the
5-HTTLPR variant. Individuals with onc or two copies of the short allele (lower
transcriptional cificacy) presented with more depressive symptomatology, DSM-TV
diagnosable depression, and suicidality after exposure to stress than their counterparts
who were homozygous for the /ong allele (Caspi et al. 2003). A similar effect was
detected by Grabe et al. (2005) in their assessment of the mental and physical distress
of 1005 people from the general population. Genotype did not independently predict

mental distress but females who were unemployed and carried a short allele displayed
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higher levels of psychological and physical distress than their unemployed

counterparts homozygous for the long allele (Grabe et al. 2005).

Kaulman et al. (2004) investigated a three-way interaction between S-HTTLPR
genotype, childhood abuse and level of social support, partially replicating the
findings of Caspi et al. (2003). Maltreated children with the short/short genotype and
poor social support had the highest levels of depression - double that of non-
maltrcated children with the same genotype, indicating that positive social support can
amecliorate the risk posed by the short/short genotype and childhood abuse (Kaufinan
ct al. 2004). On the other hand, Gillespie et al. (2004) set out to replicate the results of
Caspt ct al. (2003) in a sample of 1091 twin pairs and found no evidence [or a main
effect of 5-HTTLPR genotype on vulnerability to depression or any data supporting

an interaction between genotype and stressful life events.

Two recent animal studies have provided more evidence for the interactive effect of
environment and S-HTTLPR genotype. Barr et al. (2004) investigated the role of
serotonin transporter gene polymorphisms and early adversity (maternal separation)
among rhesus macaques. Animals carrying the short allele had higher levels of ACTH
alter acute stress than long/long individuals. Among femalcs, ACTH hormone levels
were higher in maternally separated heterozygotes than long/long animals separated at
birth (Barr ct al. 2004). Another study found that both nursery-reared and mother-
rcarcd rhesus monkeys heterozygous for the S-HTTLPR variant were more distressed
and displayed greater affective reactivity than their Jong/long counterparts
(Champoux et al. 2002). Nursery-reared, but not mother-reared heterozygotes

displayed lower oricntation scores than monkeys who did not carry the short allele.

Kendler et al. (2003) modelled the effect of family dysfunction (the general emotional
tone of the home) on the heritability of N as defined by the EPQ. Kendler et al. (2003)
predicted that the genetic effects on N would increase in importance together with the
level of familial dysfunction and the presence of the short 5S-HTTLPR allele. The
heritability of N did not however vary with levels of family dysfunction suggesting
that this variable does not modcrate the genetic factors which influence the
development of anxiety-related traits. Novelty-seeking (NS) traits on the other hand,

may be affected by family environment. Keltinkangas-Jarvinen et al. (2003) followed
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92 children over 14 years into adulthood. The authors found that children with two or
five repeat alleles of the DRD4 gene VNTR polymorphism reared in a hostile
environment showed clevated NS scores on the TCI, but in the absence of this
cnvironment, the DRD4 genolype had no effect on personality scores (Keltinkangas-

Jarvinen et al. 2003).

5.3. Rationale.

Various types ol childhood trauma appear lo increase the risk of developing adult
psychopathology. The most heavily investigated category of psychological trauma,
sexual or physical abuse, has been demonstrated to be significantly increased in
patients with major depressive iltness, BPD and psychotic disorders. It is plausible to
hypothesise that these adverse early experiences intcract with genetic variants to bias
neurodevelopmental processes in a manner that predisposes to later psychopathology,
including BPD. Some support for this type ol gene-cnvironmental interaction already
exists in the form of data indicating that a functional polymorphism of the SERT gene
modulates the effect of life stressors (Caspi et al. 2003) and influences the risk of

developing depressive disorders (Kaufiman et al. 2004).

This approach has not yet been applicd to genetic studies of BPD. The aim of this
section of the thesis is therefore to scarch [or gene-environment interactions that
induce susceptibility to BPD or endophenotypes of BPD. The hypothesis here is that
certain genetic variants may only exert an effect in combination with particular
environmental contingenctes, or may potentiate the effect of childhood trauma partly
accounting for the inconsistencies that characterise the literature (Mo(itt et al. 2005).
In order to cxplore this hypothesis the author carried out an association analysis with
the various candidate genes described in Chapter 2 using mixed-model ANOVAS.

Mcthodological details, results and a discussion of these findings follow below.
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5.4. Methodology.

5.4.1. Subjects and Genotyping.

Plecase refer to the methodology sections of Chapters 2, 3 and 4 for the relevant

information about the UCT cohort and the genotyping thereof.

5.4.2. Assessment of Childhood Trauma.

A well-respected and  widely used self-report instrument, the Child Trauma
Questionnaire (Short Version - Bernstein et al. 2003) was used to measure levels of
childhood abuse among the UCT cohort (see Appendix G). A decision was also made
to measure dissociative tendencics in the cohort with the Dissociative Experiences
Scale (Bernstein and Putnam 1986; Carlson and Putnam 1993). Abused individuals
tend to display elevated scores on this scale although high DES scores are not
nceessarily indicative of childhood abuse. A positive correlation between the two
variables cxists because individuals exposed to chromic abuse may dissociate as a
defence mechanism to protect themselves from the traumatic experience. Dissociation
is deflined by Bernstein and Putnam (1986) as an inability to properly integrate
thoughts, feelings, and experiences into consciousness and memory. More

mformation about the DES and CTQ is available in Appendix G.

5.4.3. Procedure and Data Analysis.

The CTQ and DES I instruments were administered as part of the battery of
personality tests described in Chapter 3. For details please see Chapter 3.5.4. Mixed-
model ANOVAS were used to calculate the relationship between diagnosis or the
relevant quantitative trait and CTQ performance after controlling for age, gender,
cthnicity and self-reported depression and mania. Similarly, mixed-modecl ANOVAS
were constructed [or each gene-phenotype association of interest. Fixed eflects
included age, ethnicity, gender, depression and mania scores. The effect of the genetic

variant and abuse on the quantitative traits constituted the main effects of the model.
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An interaction cffect between the specific polymorphism and abuse was then
calculated. Family of origin was once again used as a random factor. For a detailed

explanation of the interaction effect, please seec Appendix H.

5.5. Results.

5.5.1. The Relationship Between Childhood Trauma, DSM-1V Diagnosis

and BPD Endophenotypes.

In order to test whether there was any relationship between diagnostic status and seli-
reported levels of abuse, a mixed model ANOVA was run on the data with family as a
random factor, and gender, age, level of depression and hypomania entered into the

modcl as covariates.

The BPD I, BPD 11, and MDE-R groups scored significantly higher than controls
(unaffected relatives) on the emotional abuse subscale of the CTQ (p<0.05), and the
latter two groups also appeared 1o be exposed to significantly more physical abuse
(p<0.05). There were no statistically significant differences between the diagnostic
groups on any of the other sub-scales of the CTQ. The BPD [ and MDE-R groups also

displayed clevated dissociation scores (p=0.05) as measured by the DES I1.

Table 5.1. Results of Mixed Mode] ANOVA Comparing Levels of Abuse Across

Diagnostic Groups.

Tustrument. Sample F- p- Significant after | Nature of
Size. Value. | Value. Correction? Relationship.
DES 175 2.15 0.05* | No BPD 1+ MDE-R > C
C'TQ: Emotional | 234 2.7 0.0149* | No BPD 1, BPD 1II +
Abuse MDE-R>C
Physical Abuse 234 2.59 0.0198* | No BPD 11 + MDE-R >
C
Sexual Abuse 234 1.4 02219 | NA NA i )
Emotional Neglect | 233 1.5 0.1771 NA NA
Physical Neglect | 234 0.7 0.0267 | NA NA

CTQ: Denial 233 0.69 0.6574 NA NA
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CTQ scores were also significantly associated with the endophenotypes Anxicty,
Stability and Memory after controlling for age, gender, ethnicity, and level of
depression and mania. See Table 5.2, below. The variables emotional and physical
neglect were combined into one composite variable, neglect. Exposure to emotional
abuse tended to increase Anxiety (t=2.386, p=0.0181) and Stability scores (t=2.280,
p=0.0232) but childhood physical abuse was associated with lower levels of Anxiety
(1=-3.008, p=0.0004). Self-reporied exposure to sexual abuse was associated with

poorer performance on the Memory super-variable (t=-1.972, p=0.050).

Table 5.2. The Relationship Between Childhood Trauma and BPD Endophenotypes:

[ull Sample.

Variable | Emotional Abuse |[t- | Physical Sexual Neglect
value (p)| Abuse Abuse

Anxiety | 2.386 (0.0181)* -3.608 1.663 -1.056
(0.0004)** (0.0981) (0.2926)

Stability | 2.280 (0.0232)* -1.227 (0.2215) | 1.430 -0.684
(0.1545) (0.4946)

HPS 1.651 (0.1006) 0.208 (0.8357) | 0.523 -0.700
(0.6017) (0.4849)

CT 1.663 (0.0982) -0.908 (0.3344) | 1.1187 -0.876
(0.2371) (0.3821)

NS 0.770 (0.4424) 0.106 (0.9157) | -0.899 1.459
(0.3698) (0.14064)

Memory | 1.078 (0.2828) 0.184 (0.8543) | -1.972 -1.787
(0.050)* (0.0759)

5.5.2. Testing for Gene-Environment Interactions: Strategy 1.

The one option for testing gene-environment interactions in this study was to scarch
for possible interactions between all the candidate genes and all the binary and
quantitative variables. This would entail re-analysing all the association analyses from

Chapters 2, 3, and 4. If one were to examine the full, Afrikaner and British ancestry
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sub-samples separately, each test would be carried out three times. Secondly, since
there are five CTQ subscales, the number of tests carried out would be further

increascd by a factor of five.

In order to minimise the number of statistical tests carried out on the data only certain
potential gene-phenotype interactions were tested. The first criterion was to examine
those endophenotypes that were significantly associated with a specific type of abuse
or neglect. A perusal of Table 5.2 indicates that the personality traits Anxiety and
Stability were significantly associated with emotional and physical abuse as measured
by the CTQ. Tt was therefore decided 1o test for gene-environment associations
between these 4 variables (Anxiety + Stability and emotional + physical abuse) and
the 11 candidate genes described previously.  Similarly, the neurocognitive
cndophenotype, Memory was significantly associated with sexual abuse and thus the
effect on Memory of the various gene-sexual abuse interactions was measured. A

summary of Strategy 1 is shown in Figure 5.1, below.

Emotional Abuse X 11 Genetic Variants »  Anxiety
Physical Abuse X 11 Genetic Variants »  Anxiely
Emotional Abuse X 11 Genetic Variants »  Stability
Physical Abuse X 11 Genetic Variants »  Stability
Sexual Abuse X 11 Genetic Variants »  Memory

I'igure 5.1. Diagram of Strategy 1.

‘These strategy | gene-environment interaction data are displayed in Tables 5.3-5.5
below. For the sake of brevity, interaction terms only are shown. In cases where one
ol the polymorphisms returned significant results, the data for all alleles were

displayed.

The Al allele of the Tag!A DRD2 polymorphism interacted with abuse to inlluence

scores on the Anxiety and Stability endophenotypes. However, while emotional abuse
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was associated with higher levels of anxiety-related and mood-labile personality
traits, the Al allele interacted with physical abuse to reduce Anxiety and Stability
scores. The main cffects of genotype and emotional and physical abuse were not
significant. The 1IR repeat of the Notch4 exonic microsatellite polymorphism
reduced Stability scores when considered in isolation (t=-2.024, p=0.0445) but
appeared to elevate Stability scores in the presence of emotional abuse (t=2.385,

p=0.0182).

As far as Memory performance was concerned, both the 9R SERT VNTR variant (1=-
2.044, p=0.0426) and sexual abuse (1==-2.890, p=0.0044) were associated with reduced
memory scores. However, the 9R allele of SERT interacted with sexual abuse to

producc higher Memory scores (t=2.052, p=0.0419). Neither sexual abuse (t=-0.007,

statistically significant effect on Memory when considered separately. Nonetheless,
the met allele of the functional BDNF variant interacted with sexual abuse to result in
poorer performance on the verbal and visual memory tasks (t=-2.287, p=0.0236). A
similar interaction was apparent lor the Apolipoprotein I gene. Exposure to sexual
abuse (1=-2.030, p=0.0442) reduced memory scores, but the €2 allele of Apok had no
significant effect on Memory scores when considered in isolation (t=0.581,
p=0.5622). The £2 allele however, interacted with sexual abuse to reduce Memory

performance (t=-1.913, p=0.0577). The €4 allele considered in isolation was

but the presence of the allele in conjunction with exposure to sexual abuse exerted a
negative effect on Memory scores (t=-2.616, p=0.0098). Concerning the ¢3 allele, no
significant ANOVA main effect was observed for genotype (t=-1.626, p=0.1062)
although sexual abuse by itsell was detrimental to Memory performance (t=-3.224,
p=0.00106). The £3 allele however, appeared to exert a protective effect in the presence

of sexual abuse (1=2.647, p=0.0090). Sce Table 5.5, below.



Table 5.3. Gene-CTO Interactions: Anxiety.
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[nteraction t-value p-value Nature of Interaction
COMT*IA 0.324 0.7464 NA
COMT*PA 0.640 10.5230 NA
MAQ*EA 1.059 0.2911 NA B
- MAO*PA -0.323 0.7471 NA
SHTTLPR*EA | -0.555 0.5796 NA
SHTTLPR*PA | 0.197 0.8444 NA
SERT 0.465 0.6424 NA
VNTR*EA
SERT 0.398 0.6908 NA
VNTR*PA
D4-120%EA 0.909 0.3648 NA
D4-120%PA 0.431 0.6671 NA
DRD2*EA 2.042 0.0427* Al allele and EA = higher Anxicty
DRD2*PA -2.025 0.0444* Al allele and PA = lower Anxiety
DAT*EA 40.556 0.5789 NA
DAT*PA 0.912 0.3630 NA
BDNF*EA 1.367 0.1734 NA
BDNF*PA 0.343 0.7321 NA
APOE*IA 0.721 0.4719 NA
APOLE*PA 1.108 0.2695 NA
NOTCII6*IEA | -1.057 0.2921 NA -
NOTCI6*PA | 0.691 0.4906 NA
| NOTCH9*EA | 1.652 0.1005 NA
NOTCI19*PA | -1.810 0.0720 NA
NOTCII0*EA | -1.538 0.1260 NA
NOTCHIO*PA | 1.675 0.0958 NA o
NOTCIIIT*E4 | 1.423 0.1565 NA i
NOTCHIT*PA | -0.684 04949 NA )
NOTCHI2*EA | -0.605 0.5462 NA -
NOTCHI2*PA | -0.249 0.8040 NA
Prion*li4 | -0.201 0.8409 NA
Prion*PA 10.966 0.3356 NA
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Table 5.4. Gene-CTQ Interactions: Stability.

ﬁﬂfgractiun t-value p-value Nature of Tuteraction
COMT*EA 1.174 0.2420 NA
COMT*PA 0.565 0.5727 NA
| MAO*EA 0.572 0.5680 NA o
MAO*PA 1.288 0.19%9%  |NA ’ )
 SITTLPR*EA | -1.178 0.2404 NA
SHTTLPR*PA | 0.923 0.8444 NA
SERT 0.465 0.6424 NA
VNTR*IEA
SERT -0.398 0.6908 | NA N
VNTR*PA
D4-120*EA -0.561 0.5756 NA
D4-120*PA 0.691 0.4904 NA
DRD2*I:A 2.550 0.0117* Al allele + EA = higher Stability
DRD2*PA -2.238 0.0211* Al allele + PA = lower Stability
DAT*EA 0.137 0.8912 NA
| DAT*PA -0.428 0.6689 NA
BDNI*fA4 0.113 09100 | NA B
BDNI*PA 0.176 0.8606 | NA o
APOL*EA 0.721 0.4719 NA ) )
APOLE*PA 1108 0.2695 NA i
NOTCHG*EA | -1.510 0.1330 NA
NOTCHG6*PA | 1.579 0.1163 NA
 NOTCH9*EA | 1.139 0.2564 NA
CNOTCH9*PA | -1.683 0.0942 NA N
NOTCHIO*EA | -1.339 0.1824 NA
NOTCIII0*P4 | 1.604 0.1106 | NA -
NOTCHII*EA | 2.385 0.0182* | Combination of EA and 11R results in
higher Stability scores
NOTCHIT*PA | -1.238 02174 NA
NOTCHI2*EA | -1.160 0.2475 NA
CNOTCHI2*PA | -0.482 0.6382 NA
Prion*tiA -0.970 0.3333 NA I
Prion*PA 1.530 | 0.1278 NA




Table 5.5. Gene-CTQ Interactions: Memory.
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Interaction t-value p-value Nature of Interaction

COMT*SA -0.673 0.5019 'NA

SHTTLPR*SA | 1.085 0.2795 NA

SERT 9R*SA | 2.052 0.0419* 9R allele is protective in presence
of SA

SERT TOR*SA | -0.731 0.4660 NA

| SERT 12R*SA | -0.100 0.9208 NA

D4-120%54 -0.909 0.3344 NA

DRD2*SA 0.179 0.8580) NA o ]

DAT*S4 1.459 0.1467 ‘NA

BDNF*5A4 -2.287 0.0236* Met allele interacts with SA to
reduce Memory performance.

APOE2*54 -1.913 0.0577 NA -

APOE3*SA 2.647 0.0090** E3 allele exerts a protectnleﬂut
on Memory in presence of SA

APOE4*SA -2.616 0.0098** E4 allele interacts with SA to |
reduce Memory scores

NOTCH*SA -1.126 0.2620 NA

Prion*S/ -1.189 0.2362 NA

Table 5.5.3. Testing for Gene-Environment Interactions: Strategy 2.

In strategy 1, analyses were conducted in cases where the endophenotypes were

associated with CTQ scores. In contrast, in strategy 2 potential gene-environment

intcractions were examined in cascs where the one or more of the candidate genes

were significantly associated with the binary disease phenotype or one of the

personality or neurocognitive endophenotypes (sce Chapters 2-4). In other words,

every significant result from the association analyses using the binary notion of

affective illness (Chapter 2), personality (Chapter 3) and neurocognitive [unction

{Chapter 4) was tested for a genc-abuse interaction here.
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Because of the large number of positive associations detected in the previous three
chapters another super-variable, dubbed “Abuse” was created to circumvent testing
for interactions with each onc of the CTQ variables. Given the positive correlation
between borderline and dissociative symptoms and a history of childhood abuse
(Putnam et al. 19806; Carlson and Putnam 1993; Gunderson and Sabo 1993), the
mecans and standard deviations of the CTQ, the DES and the STB were re-
slandardised and the scores averaged across these scales to produce the Abuse super-
variable. Once again a mixed model ANOVA was used o compare the various
diagnostic groups on this variable. Both BPD groups as well as the MDE-R sample

scored significantly higher than controls on the super-variable, Abuse.

Tahle 5.6. Mixed Model ANOVA Comparing the Diagnostic Groups on the

Standardised Super-Variable.

VSuper- Sample K- b-value Nature of the Relationship
Variable Size valne
Abuse 236 4.40 0.0004** | BPD 1 + BPD Il + MDE-R >
| C

A mixed-model ANOVA was then carried out for each genc-endophenotype
association containing the fixed-effects predictors age, gender, ethnicity, depression
and hypomania scores, the main effects of the gene and Abuse super-variable, and the
interaction term genc*abuse. Family of origin was entered into the model as a random
factor. The particular tests that were carried out are displayed in Table 5.7, below.
Due to the Targe amount of data collected, detailed information is only listed for the
statistically significant results that were obtained. These are highlighted in bold in
Table 5.7, and arc displayed in Table 5.8, below. Again only the interaction term is

shown.
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Table 5.7. List of the ANOVA Analyses Carried Qut Under Strategy 2.

Phenotype Cohort Gene Variant Significant
Interaction?

| Affective lliness Afrikaner | DRD4 VNTR No

Affective [llness | British | COMT No

“Affective Hiness British DAT No ‘

“Anxiety Total DRD4 VNTR No

Anxiely Total DAT No

Anxicly Afrikaner DRD4 VNTR No :

V Anxicty Alrikaner Notchd No

‘Anxiety British coMT Yes

Stability Total . coMT Yes

Stability Total DAT No -

‘Stability Afrikaner BDNF No )

Stability Afrikaner Notch4 No

Stability British COMT Yes o

Stability British DAT No

1ps Total BDNF No

HpS Afrikaner | Notch4 Mo

HPS British DAT No

cT Total DAT No

CT Total COMT Yes

CT Afrikaner BDNF No

CT Afrikaner Notch4 No m

<1 British DAT No

NS Total BDNF No

NS Afrikaner DAT No

‘NS Afrikaner BDNF No

‘NS British comr Yes B

‘Memory Total DRDZVNTR Yes

‘Memory Afrikancr DRD4VNTR Yes

Memary British DRD4 VNTR No




[n the total cohort, Abuse and the 3R allele of the DRD4 gene interacted with cach

other to reduce Memory performance (1=-3.845, p=0.0002), and a similar effect was

3R variant exerted significant effects on Memory when considered in isolation. In the
Afrikancr ancestry group, the 4R allele considered in isolation was not significant
(1=-1.080, p=0.2805) but the variant exerted a protective effect on Memory

performance when there was a history of sexual abuse (t=2.317, p=0.0228).

In the full sample the val allele of the Vall58Met COMT polymorphism intcracted
with childhood trauma to incrcase levels of unstable-mood-labile traits as evinced by
the Stability construct (1:=2.375, p=0.0186) and the TEMPS-A CT scalc (t==2.012,
p=0.0458). There were no statistically significant main ANOVA effects. There was
also a weak trend towards statistical signilicance for the Anxiety super-variable with
the val variant once again the risk allele in the presence of Abuse (1=1.661,

p=0.0985).

The same interaction effect was observed in the British ancestry cohort lor Anxiety

c¢lTects. In the British ancestry sample, visual and verbal memory performance was
also found to decrease in individuals with the val allele who were also exposed (o

abuse (t=+-2.820, p=0.00060). There were no significant main ANOVA effects.

[n the Afrtkaner ancestry sample, both the main ANOVA effects, Abuse (t=-3.622,
p=0.0005) and genotype (1=2.740, p=0.0074) exerted a significance effect. The val
allele was associated with better Memory performance. The val  allele-abuse
interaction was also associated with better Memory performance (t=2.400, p=0.0185).
Interestingly, the COMT-abuse interaction cffect for the personality traits did not

rcach statistical significance in the cohort of Alrikancr ancestry. See Table 5.8, below.
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Table 5.8.Gene-Abuse Interactions: Signilicant Results-Strategy 2.

 Interaction ‘ t-score | p-value | Nature of
relationship
MAnxiety (British ancestry): | 2.248 | 0.0278* | Val allele + Abuse =
COMT*Abuse higher Anxiety
' Stability (total sample): | 2.375 | 0.0186* | Val allele + Abuse =
COMT*Abuse higher Stability
Stability  (British ancestry): | 2.029 | 0.0465* | Val allele + Abuse =
COMT*Abuse higher Stability
CT (total sample) COMT*Abuse 2.062 | 0.0408* | Val allele + Abuse =
higher NS

NS (Rriﬁiﬁ:?xu('(,,)S[ry).' COMT*Abuse | 1.986 | 0.0515 Val allele + Abuse =
higher NS.

‘Memory (total sample): DRD4 | -3.845 | 0.0002** 3R allele + Abuse =

VNTR 3R*Abuse reduced Memory
Memory (Afrikaner ancestry): DRD4 | -3.716 | 0.0004** | 3R allele + Abuse =
VNTR 3R*Abuse reduced Memory
Memory (Afrikaner ancestry): DRD4 | 2317 | 0.0228% | 4R allele + Abuse =
VNTR 4R*Abuse higher Memory
scores

As can be seen from a perusal of Table 5.8, the COMT vall58met polymorphism
appeared to interact with abuse to modify a large number of BPD endophenotypes. It
was therefore decided to explore the effect of this gene more thoroughly. In the cohort
ol British ancestry, Anxicty levels were demonstrated to increase with the number of
COMT gene val alleles carried by the individual when there was a history of sclf-

reported abuse (1=2.248, p=0.0278). A similar trend was apparcnt in the full sample

the total cohort (t=2.375, p=0.0186) and sample of British ancestry (t=2.029,
p=0.0405), the COMT val allele also appeared (o interact with abuse to elevate

Stabtlity scores but again statistically significant results were not obtained in the
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Alrikaner ancestry cohort (t=1.062, p=0.2906). The same kind of vu/-abuse
interaction was obscrved in the full (1=2.012, p=0.0458; t=2.215, p=0.0281) and
British ancestry (t=2.257, p=0.0352; =1.986, p=0.05) cohorts tor the CT and NS

traits, respectively. The details are displayed in Table 5.9, below.

An interesting pattern of results was obtained for the Memory endophenotype. In the
Aflrikaner ancestry cohort, Memory performance improved with the number of val/
alleles when there was a history of abuse (t=2.400, p=0.0185). The val allele was also

associated with improved Mcemory performance when Abuse was not taken into

Memory scores declined with the number of val alleles carried by the individual when
there was a history ol abuse (t=-2.820, p=0.0060). COMT genotypc was not

statistically significant when considered in isolation. See Table 5.9.



Table 5.9. Mixed Model ANOVA Results: COMT*Abusec Interactions.

‘ Phenotype t-score p-value Nature of Interaction
“Affective Illness | -0.838 0.4032 NA
(total)
“Affective Iliness (Afr) | 0.077 0.9390 NA
- Affective Illness (Brit) | -1.314 0.1949 NA
Anxiety (total) | 1.661 1 0.0985 Val + Abuse = higher
Anxiety
Anxiety (Afr) -0.542 1 0.5893 NA )
Anxiety (Brit) 2.248 0.0278* Val + Abusc = higher
Anxiety
‘Stability (total) 2375 0.0186* Val + Abuse = higher
Stability
Stability (Afr) 1.062 0.2906 NA
Stability (Brit) 2.029 0.0465* Val + Abusc = higher
Stability
11PS (total) 0.794 0.4281 NA
1HPS (AlT) 0.844 0.4007 NA
PS Briy 1.439 0.1550 NA
“CT (total) 2.012 0.0458* Val + Abuse = higher
CT '
CT(Af) 0.386 0.7002 NA
CT (Brit) 2.157 ~ 1 0.0352% Val + Abuse = higher
CT
NS (total) 2215 0.0281* Val + Abuse = higher
NS |
NS (Afr) 0.127 0.8994 NA
NS (Brit) 1.986 0.0515 Val + Abuse = higher
NS
“Memory (total) -1.151 0.2516 NA
Memory (Afr) 2.400 0.0185% Val + Abuse = higher
Memory
Memory (Brit) -2.820 0.0066** Val + Abnse = lower |

Memory




Table 5.5.4. Testing for Gene-Environment Interactions: Strategy 3.
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The third strategy was to thoroughly investigate those genetic variants which have

previously been demonstrated to be moderated by environmental contingencies. As

discussed in section 5.2 the ms/del promoter variant of the SERT gene (5-HTTLPR)

and the VNTR polymorphism in the promoter of the MAO-A gene have been reported

to interact with environmental [actors to increase the risk of developing various types

of psychopathology. Once again, a mixed-model ANOVA was used lo test for

interactions between these polymorphisms and the Abuse super-variable. There were

no significant interactions between the S-HTTLPR SERT variant and Abuse (see

Table 5.10).

Table 5.10. Interaction Between 5-HTTLPR and Childhood Abuse.

‘”I;‘I‘ienolypc t-score p-value Nature of Interaction
Affective Hlness (total) -0.580 0.5627 NA
Alfective llness (Afr) | -0.181 0.1311 NA
Alfective lness (Brit) | -0.294 0.7700 NA
Anxiety (total) -0.414 0.6792 NA -
~Anxiety (AL -1.522 01311 NA N
“Aunxiety (Brit) 0.448 0.6555 NA
Stabilily (total) -0.302 0.7633 NA
Stability (A ) 0580 0.5568 NA
“Stability (Bril) 0.070 10,9445 NA
LIPS (total) 0.394 0.6942 NA :
11PS (AfT) -0.031 109750 NA
HP'S (Brit) 0.616 0.5402 NA |
CT (total) 0317 0.7518 NA
CT(Af) -0.431 0.6677 NA
CT (Brit) -0.267 0.7905 NA
NS (total) -0.003 0.9977 NA
NS (Afr) 1.517 0.1326 NA )
NS (Brit) -1.522 0.1329 NA
Memory (total) 0.603 0.5472 NA o
' Memory (Afh) 071 0.8649 NA
Memory (Brit) 0.866 0.3902 NA -




220

[n order to test for an interaction between the MAO-A VNTR polymorphism and
childhood trauma, the various alleles were grouped together on the basis of their
functional activity. More specifically, the 2R, 3R and 5R alleles have becn shown to
result in reduced expression of the MAO-A enzyme and were labelled as low activity

variants, while the 3.5R and 4R alleles result in higher levels of enzymatic activity.

In the total sample, the VNTR in the promoter region of the MAO-4 gene showed a
weak statistical trend towards an interaction with abuse with the low activity variants
producing higher Anxiety scores in individuals exposed to childhood Abusc (t=1.842,
p=0.0672). The genolype and Abuse main-cflects were not statistically significant. An
almost 1dentical effect was observed for the Stability endophenotype with the Tow
activity MAO-A gene variants Interacting with Abuse to increase mood-labile-
unstable-cyclothymic personality traits (1=:1.826, p=0.0697). Abuse scores considered
on their own also raised Stability scores (1=2.228, p=0.0272). The MAO-4*Abuse
interaction rcached statistical significance in the sample of British ancestry (t=2.210),

p=0.0300). The data are displayed in Table 5.11.
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Table 5.11. Interaction Between MAO-A VNTR and Childhood Abuse.

”i’henotype t-score | p-value Nature of
Interaction
/Inxiet}z (total) 1.842 0.0672 Low activity*Abuse
= ligher Anxiety
Anxiety (Afr) 1.532 - 0.1288 NA i
Anxicty (Brit) 1.214 0.2290 NA
Stability (total) 1.826 0.0697 Low activity*Abusc
= higher Stability
Stability (Afr) 0.761 0.4487 NA
Stability (Brit) 2.210 0.0306% Low activity*Abuse
= higher Stability
THPS (total) 0.748 [ 0.4557 NA
HPS (Afr) -0.737 0.4626 NA
HPS (Brit) 1.645 0.1048 NA
CT (total) 1.058 0.2917 NA
CT (Af) 0.044 0.5212 NA
CT (Brit) 1.163 0.2497 NA
NS (lotal) 10.284 0.7767 NA
NS (Afr) -1.601 0.1121 NA
NS (Brit) 1.796 0.0774 Low activity*Abuse
= higher NS
Memory (lotal) -0.112 0.9102 NA
Rﬁémory (Afr) 20406 0.6801 NA
0.170 0.8659 NA

Memory (Brit)
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5.6. Discussion.

5.6.1. The Relationship Between Childhood Trauma, DSM-1V Diagnosis

and BPD Endophenotypes.

The BPD I, BPD 1I and MDE-R groups scored significantly higher than their
unaffected relatives on the emotional abuse sub-scale of the CTQ (F=2.7, p=0.0149).
The latter two groups also displayed significantly higher scores on the physical abuse
scale of the CTQ (I=2.59, p=0.0198), but no wnter-group differences were apparent
for sexual abuse or childhood neglect. As discussed in section 5.1, childhood sexual
and physical abuse has been shown to be a risk factor for the later development of
depression (Bifulco et al. 1991; McCauley et al. 1997), psychotic illness (GofT et al.
1991; Greenlield et al. 1994) and rapid-cycling forms of BPD in particular (Leverich
ct al. 2002; Garno ct al. 2005). With the exception of Garno et al. (2005) who found
that ecmotional and physical, but not sexual abuse was assoctated with a rapid-cycling
phenotype, the other studies mentioned above have not specifically measured
cmotional abuse. Emotional abuse might thercfore be an important but neglected
actiological factor in the development of aflective illness, including BPD, and further

rescarch is required.

An association between emotional abuse and the BPD endophenotypes, Anxiely
(1==2.380, p=0.0181) and Stability ((=2.280, p=0.0232) was also observed. While the
correlation between abuse and psychopathology is the subject of widespread rescarch,
very lew studies have examined the effect of childhood abuse on the development of
personality traits per se. Nevertheless, the relationship between Stability and
cmotional abuse is congruent with data from the literature which have repeatedly
demonstrated that borderline personality disorder is associated with childhood abuse
(Gunderson and Sabo 1993; Lysaker et al. 2004). Borderline personality disorder is a
condition characterised by marked mood instability (APA 1994). The association
between emotional abuse and Anxiety, reported here, can be considered to be a
replication of the result of Roy (2002) who found a significant relationship between
all types of abuse and neglect including emotional abuse and N, a trait which overlaps

with the Anxiety construct.
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The finding that higher levels of childhood physical abuse were associated with lower
levels of Anxiety (1=-3.608, p=0.0004) is very difficult to explain. Perhaps scores on
the physical abuse subscale of the CTQ reflect cultural characteristics rather than
abuse per se. For example one of the questions from this scale is: “When I was
growing up | was punished with a belt, a board, a cord, or some other hard object”.
This may be an anomalous item because the author notes that a significant number of
individuals received a relatively high score on this question but low scores on the
other 4 items of the scale. Since the total physical abuse scores were generally low
across the sample then responses to this item may have biased the data, resulling in
counter-intuitive findings. The mean physical abuse score for the total sample was
7.79 on a scalc where scores range [rom 5-25, with higher scores indicating more

severe trauma (sce Appendix G).

Self-reported exposure to childhood sexual abuse was also associated with decreased
visual and verbal memory performance (t=-1.972, p=0.05). There is extensive
cvidence from both animal and to a lesser extent human studies that exposure to
stress, particularly chronic stress, may result in damage to or dysfunction of specific
neuro-anatomical pathways. The preponderance of research has investigated the
hippocampal response to stress as the CA1-CA4 fields of the hippocampus are among
the most vulnerable arcas of the brain to toxic insults (O’Brien 1997). As discussed in
scction 5.1, the hypothalamic-pituitary-adrenal (HPA) axis is the primary
physiological pathway through which the body recgulates its response to stress,
culmmating in the release of glucocorticoids (rom the adrenal cortex (Heim and
Nemeroff 2000). Sapolsky et al. (1986) reported an association between high levels of
corticosterone in rats, hippocampal degencration and impairments in learning and
memory, while young rats administered glucocorticoids display hippocampal changes
and memory deficits reminiscent of those seen in older animals (Levy ct al. 1994).

Similar findings hold for non-human primates (Uno ct al. 1989; Brooke et al. 1994).

Bremner (1999) cites a large number of human studies demonstrating that:

(a) Administration of normal therapeutic doses of glucocorticoids to healthy subjects
impairs verbal memory performance.

(b) Stress-induced elevations in cortisol are associated with memory deficits which

improve with declining cortisol levels. For example, Bremner et al. (1993) and
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Ychuda et al. (1995) demonstrated found that Vietnam combat veterans suffering
from PTSD displayed deficits in verbal declarative memory.

(c) Patients with Cushing’s discase, characterised by elevated cortisol levels, show
deficits in verbal declarative memory which are correlated with hippocampal volume

reductions on MRI.

There are less data on the role that childhood abuse plays in memory dyslunction.
Nevertheless, deficits in verbal memory as evinced by the Wechsler Memory Scales
(WMS) have been reported to be characteristic of adults exposed to childhood
physical and scxual abuse (Bremmer ct al. 1993). These data are supported by
structural 1maging studies which have highlighted the effects of abuse on the left
hippocampus. Bremner et al. (1997) examined hippocampal volume in a secries of
patients with a history ol severe childhood sexual and physical abuse and detected a
12% reduction in the volume of the left hippocampus in abused subjects rclative to a
matched control group, a resull replicated by Stein et al. (1997) in a sample of
sexually abused women. More recent data indicate that childhood abuse per se does
not causc hippocampal dysfunction but rather PTSD which may or may not be

sccondary to sexual abuse in childhood (Bremner ct al. 2004).

Bascd on the above data it seems reasonable to hypothesise that damage to or
dysfunction of the hippocampus is responsible for the association between sexual
abusc and Memory performance in this study. In evaluating this result it should
however be noted that previous reports of hippocampal dysfunction and impaired
memory performance have been obtained in samples exposed to significant degrees ol
childhood trauma or stress, hence the development of PTSD in later life. In the UCT
cohort, however, the incidence of PTSD was low and the mean score on the sexual
abuse scale of the CTQ was 7.31. The maximum possible score is 25. I{ the effect of
sexual abuse on Memory performance is genuine then it suggests that cven low levels
ol trauma can have a detrimental effect on later cognitive functioning. On the other
hand, a significant proportion of the UCT cohort may have already had a genetically-
based neurocognitive vulnerability given the family-history of BPD-spectrum illness.
It could be hypothesised that the sub-group of BPD patients who displayed verbal

memory recognition deficits had a history ol past sexual abuse which interacted with
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a genctically-mediated weakness to result in both executive and hippocampal

dyslunction.

Nevertheless, the situation is rendered even more complex by the fact that the effect
ol stress on the brain may extend beyond the hippocampus. Acute administration of a
benzodiazepine inverse agonist has been demonstrated to impair the prefrontal cortex-
mediated cognitive function of rats through excess catecholamine release (Arnsten
1998; Shansky et al. 2003). Similarly, primates exposed to noise stress were found to
perlorm more poorly on a spatial working memory task dependent on the function of

the pre-frontal cortex (Arnsten and Goldman-Rakic 1998).

5.0.2 Testing for Gene-Abuse Interactions: Strategy 1.

The Al allele of the DRD2 Taql A polymorphism interacted with emotional abuse to
result in higher levels of anxiety-related (1=2.042, p=0.0427) and mood-labile
personality traits (1=2.550, p=0.0117). The samc A1 allele, however, interacted with
physical abuse to reduce Anxiety (1=-2.025, p=0.0444) and Stability (1=-2.238,
p=0.0211) scores.

As discussed in section, 5.6.1, the data obtained from the physical abusc subscale of
the CTQ may not be as accurate as the other subscales, and therefore il the DRD2
TaglA polymorphism is exerting a genuine cffect on the Anxiety and Stability

cndophenotypes in the presence of abuse, the risk allele is likely to be the A1 variant.

There arc no previously published reports of an interaction between abusc (or another
cnvironmental variable) and the DRD2 gene and thus it is difficult to evaluate this
result. There are however data to suggest that over-activation of dopaminergic
neurotransmission and DRD2 receplors may be an evolutionary adaptive response 1o
stress that takes the prefrontal cortex “off-line” and allows for more instinctive,
subcortically-mediated responses (Arnsten and Goldman-Rakic 1998). Arnsten and
Goldman-Rakic (1998) found that they were able to block stress-induced working
memory deficits in primates by antagonising DRD?2 receptors prior to application of

the stressor. However, since the TaqlA variant is not functional but simply in
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purported linkage disequilibrium with another functional SNP, it is nol possible to tell

whether the A1 allele is associated with up or down-regulation of the DRD2 gene.

In the author’s opinion the interaction between the 11R variant of the Notch4 gene
and abusc leading to higher Stability scores (1=2.385, p=0.0182) is a falsc positive
result. Not only is the 11R allele relatively rare, but none of the other Norch4 alleles
interacted with abuse to exert a significant effect on Stability. Likewise it is
hypothesised that the interaction between the 9R allele of the SERT VNTR
polymorphism and abuse should not be taken seriously as the 9R allele was very
uncommon i the UCT sample. The potential interactions between the BDNF and

APOL genes, sexual abuse and Memory are however, very interesting.

In section 4.6.3, it was noted that the absence of an association between Memory
performance and the BDNF val66met polymorphism was surprising given the fact
that this is one of the most promising candidates for a role in mediating cognitive
function (see also Savilz et al. 2006a). As discussed in section 4.2, the low activity
met allele of the BDNF gene has been associated with decrecased executive and
memory function. Here it was found that in individuals exposed to sexual abuse,
Memory performance decreased with increasing numbers of met alleles (1=-2.287,

p=0.0236), a result congruent with the literature.

What might be the physiological mechanism behind this putative interaction? BDNF
is a neurotrophin, a class of molecule that exerts long-term effects on neuronal
survival, migration, dendritic and axonal growth (Pang and Lu 2004). BDNF has been
shown to prevent the spontaneous death of dopaminergic rat neurons (Hyman et al.
1994) and exert a protective cffect in the presence of ncurotoxins (Hung and Lce
1996) or ischemia (Yamashita et al. 1997) when injected into the brain. This
protective effect is particularly salient in the hippocampus where the BDN/I gene is

most strongly expressed (Yan et al. 1997).

Chronic stress is hypothesised to result in excessive release of glucocorticoids [rom
the adrenal gland, directly and indirectly causing atrophy and death of vulnerable
ncurons (particularly in the hippocampus) through the actions of cortisol and the

inhibition of BDNF synthesis, respectively (Duman et al. 1997). The high activity va/
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allele of the BDNF gene might partially counteract the stress-induced ihibition of
BDNF synthesis, perhaps explaining why the mer allele is a risk factor [or poor

Memory performance when sexual abuse is taken into account.

Concerning Apolipoprotein E, a weakly signilicant interaction between the €2 allele
of the ApoE gene and sexual abuse was observed (t = -1.913, p=0.0577) leading to
decreasing Memory scores. Similarly, higher scxual abuse scores with increasing
numbers ol the €4 allele exerted a detrimental effect on Memory performance (t = -
2.616, p=0.0098). On the other hand, the interaction between the &3 allele and
childhood abuse was protective, leading to improved visual and verbal memory

(1=2.657, p=0.0090).

The €4 allele 1s known to be a risk fuctor for the development of Alzheimer’s disease
(AD). Individuals homozygous for the €4 allele arc 14 times more likely to develop
AD, and &4 heterozygotes have a 3-fold increased risk over non-carriers ol being
diagnosed with the disorder (Farrer et al. 1997). The pathophysiological mechanism
behind the action of the €4 isoform 1s poorly understood but four main hypotheses
exist. The €4 isoform has been postulated to bind more strongly to the beta amyloid
peptide forming a stable complex which may Facilitate plaque formation (Strittmatter
ct al. 1993). The ¢2 and €3 isoforms of ApoF have also been demonstrated to bind
more efficiently to microtubule-associated protein tau than the €4 isoform which
renders tau vulnerable to phosphorylation and therefore neurofibrillary tangle (NIT)
formation (Strittmatter et al. 1994; Polvikoski et al. 1995). More recently, Harris et al.
(2003) have demonstrated that the €4 protein is particularly vulnerable to cleavage by
a scrine protease, generating a biologically active truncated product that produced
NET-like intra-neuronal inclusion bodies and elicited neurodegenerative and

behavioural deficits in transgenic mice.

The fourth and most relevant suggestion in terms of this thesis, is that Apok
stimulates ncurite outgrowlth in response to cellular injury and degeneration (Fagan et
al. 1996), but that the &4 allcle is not only deficient al facilitating neuronal repair, but
actually interferes with the normal protective lunction of the ¢3 isoform (Buttini et al.
2000). The retardation of dendritic growth may lead to the loss of synaptic

connections and in turn, a progressive decline in the efficacy of neural network
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function with associated cognitive impairment (Turic et al. 2001). The findings of a
number of studies have lent credence to this proposal. Jordan et al. (1997) assessed 30
professional boxers with the Chronic Traumatic Brain Injury scale (CTBI) and found
that a combination of high exposure (many bouls) and the presence of the £4 allele
was associated with greater levels of cognitive impairment. Kutner ct al. (2000)
showed that older ex American football players with an €4 allele exhibited poorer
attention, processing speed, and general cognitive function than their colleagucs
without this allele, or young players with the ¢4 allele. Teasdale et al. (1997) and
Crawlord ct al, (2002) demonstrated that memory performance was worse in &4
carriers than non-carriers in a group of patients who had suffered traumatic brain

njury.

A recent and somewhat controversial debate over the role of the €4 isoform in the
memory and cognitive functioning of non-demented individuals has evolved in the
literature. Savitz et al. (2000b) carried out a dctailed review ol the literature and
concluded that: (a). Elderly and to a lesser extent middle-aged non-demented
individuals with a copy of the €4 allele perform worse on neuropsychological tasks
than non-carriers of the g4 allele. (b). Non-demented adults with at least one copy of
the ¢4 variant present with structural (reduced medial temporal volumes) and
metabolic (increased or decreased prefrontal, parietal and temporal activation)
imaging abnormalities. (¢). These neuropsychological and neuroradiological changes
mirror those seen in AD and are thus unlikely to be reflective of normal ageing alone.
(d). There is no evidence to suggest that the ApoF genotype has neurodevelopmental
implications for 1Q or cognition in a broader sense. On the basis of these data it 1s
hypothesised that the reported ApoF genotype-cognition associations in the literature

arc due 1o the sampling ol individuals with incipient AD.

[Tow arc these data relevant to the finding that the €4 allele and to a lesser extent the
£2 allele interact with sexual abuse to reduce Memory function while the 3 allele has
a protective effect? As discussed above there is some data, albeit inconclusive, from
animal and human studies that exposure to chronic stress (possibly in the form of
sexual abuse) may cause damage to or at least dysfunction of the medial temporal
lobe. It is therefore plausible to hypothesise that because the 4 allele is deficient at

[acilitating neuronal repair and may indeed interfcre with the normal repair processes



229

of the €3 allele, the combination of sexual abuse and one or more £4 alleles leads to
long-term dysfunction of the neural networks underpinning verbal and visual

memory.

A potential weakness with this hypothesis however, is the finding that the €2 allele
which putatively lowers the risk of developing AD (Nagy et al. 1995) also interacts
with sexual abuse to reduce memory scores. Nevertheless, the potentially protective
role of the 2 isoform remains inconclusive. For example, den Heijer el al. (2002)
assessed the impact of the different ApoE € isoforms on hippocampal and global brain
atrophy and found that €4 carriers displayed greater atrophy but the eftect of the €2
allele did not differ from that of the €3 allele. Lung et al. (2005) hypothesise that the
2 allele only decreases the risk of AD when paired with an €4 allele. The £2 allele
has also been suggested to exert a pathogenic cffect lcading to autistic spectrum
pathology (Persico et al. 2004). As always a false positive result cannot be ruled out
but the a priori evidence linking the Apok’ gene to cognition and in particular,
memory, suggesls that this association may be worth trying to replicate in an

independent sample.

5.6.3. Testing tor Gene-Abuse Interactions: Strategy 2.

The {inding that the 3R allele of the DRD4 VNTR polymorphism appeared to interact
with exposure to childhood abuse to reduce performance on the various memory
scales in both the full (t=-3.845, p=0.0002) and Afrikaner ancestry (t=-3.710,
p=0.0004) samples while the 4R allele exerted a possibly protective effect in the

positive result. The 3R allele of the exonic VNTR polymorphism was relatively rare
in the UCT sample, and thus a chance result owing to a small sample is probable. It is
also unclear how the 4R allele, which was associated with poorer performance on the
“Memory” construct (see Chapter 4), would exert a protective effect in the face of

childhood trauma.

On the other hand, exposure to childhood trauma is postulated by the author to

modulate the effects of the COMT Vall58Met variant on anxiety-related, novelty-
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seeking-related, and mood-labile-cyclothymic personality traits, with the val allele a
risk lactor [or “pathological” traits. There are three reasons why this potential

interaction may be genuine:

(a) The cffect was observed in the total as well as the smaller British ancestry samplec.

(b) The effect was apparent for a variety of phenotypes — Anxiety, Stability, CT and

another relatively uncorrelated trait, NS,

(c) As discussed in Chapter 3, the COMT Vall58Met polymorphism was significantly
associaled with a mood-labile-cyclothymic phenotype. Individuals with borderline
personality disorder are characterised by affective instability, unstable and intense
personal relationships, a capricious sell-image, and severe dissociative symptoms
(APA 1994). Pcople with borderline personality disorder are also impulsive, a trait
that is positively correlated with NS scores (NS contains a subscale called
“impulsiveness”). The important point apropos borderline personality disorder is that
carly trauma in the form of sexual and physical abuse is postulated to be a key
actiological flactor in the development of the illness (Gunderson and Sabo 1993; APA
1994). 1t therefore makes theoretical sense for cxposure to childhood abusc to
potentiate the cffects of a genetic variant (possibly COMT Vall58Met) which
influences the development of mood-labile-cyclothymic personality traits. It 1s
hypothesised that the val allele constitutes a risk factor for the development of both
mood-labile-cyclothymic traits and borderline personality disorder, and one way to
check the validity of the COMT-abuse interaction finding reported here, 1s to carry out
a genelic association study in a sample of individuals with borderline personality

disorder.

(d) The potential interaction between COMT and abuse is also biologically plausible.
The endogenous opioid system is activated in response to both physical and
psychological stressors particularly those of a chronic and unpredictable nature where
the opiotds act to attenuate the distressing affective component of the stimuli (see
Ribeiro et al. 2005 for a review). Zubieta ct al. (2003) found that the COMT
vall58met polymorphism modulates the stress-induced activation of the p-opiotd

neurotransmitter system and thus “influences the human experience of pain and may
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underlic individual differences in the adaptation and responses to pain and other
stressful stimuli”. Zubieta et al. (2003) observed that met/met homozygotes had a
lower capacity to activate p-opioid neurotransmission than their heterozygous and
val/val homozygous counterparts and that this effect was associated with a
compensatory up-regulation of p-opioid receptors. Berthele et al. (2005), in a post-
mortem study, showed that the presence of the COMT met allele is indeed associated
with a higher expression of p-opioid receptors in diverse areas of the brain including
the caudate and thalamus. Based on these data, one would intuitively hypothesise that
the met allele rather than the val allele should be the risk factor for an adverse
response Lo stressful experiences like abuse. Nevertheless the scientific community’s
understanding of the complex molecular interactions underpinning these pathways is

too embryonic to draw [(irm conclusions.

The potential effect of the interaction between the COMT Vall58Met polymorphism
and abuse on Memory performance is morc equivocal. In the sample of British origin
the val allele interacted with abuse to significantly reduce scores on the Memory
supervariable (1=-2.820, p=0.0066). On the other hand, in the cohort of Afrikaner
origin the interaction between the va/ variant and abuse yielded better memory scores
(1=2.400, p=0.0185). It 1s unclear why the same allele would exert two very different
cffects on visual and verbal memory in two different samples exposed to the same
environmental factor. One possibility is that the actions of a given variant are
modified by genetic background. As discussed in Chapter 4, a potential QTL for
Memory was observed in the region of the COMT gene on chromosome 22ql1 but
only in family 30, the largest of the Afrikaner ancestry pedigrees. The more
parsimonious explanation however, is that these contradictory data are indicative ol a
[alse positive result. Nevertheless, the fact that there is prior evidence implicating the
COMT gene in memory and executive function (Savitz et al. 2005a) indicates that

these findings are worthy of further investigation.

5.6.3. Testing for Gene-Abuse Interactions: Strategy 3.

The absence of any statistically significant interactions between the 5-HTTLPR

variant ol the SERT gene and abuse was something of a surprise as the short 5-
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HTTLPR allele has been demonstrated to interact with adverse environmental events
to predispose to mental distress and depression (see section 5.2.). On the other hand,
the results from this thesis are congruent with the findings of Gillespie ct al. (2004)
who reported that the S-HTTLPR genotype did not interact with life stress (o

predispose to depression.

There are two possible reasons for the absence of significant results in this study.
Self-reported childhood trauma as an adverse environmental agent cannot necessarily
be equated with life-stress or levels of social support which have been previously
demonstrated to modulate 5S-HTTLPR genotype effects. Secondly, the positive reports
in the literature have focused on unipolar depression and mental distress as outcome
variables. In this study, affective illness in BPD pedigrees and various hypothesised
endophenotypes for BPD were the dependent variables. It is plausible that the 5-

HTTLPR genotype-life-stress interaction is limited to unipolar illness.

A weak interaction between the MAO-4 VNTR polymorphism and the Abuse super-
variable was observed with low activity variants producing higher Anxiety scores in
individuals with higher childhood Abusc scores (t=1.842, p=0.0672). An almost
identical effect was observed for the Stability endophenotype (t=1.826, p=0.0697).
The latter interaction reached statistical significance in the sample of British ancestry

(1=2.210, p=0.0300).

These data are at least nominally consistent with the studies of Caspi et al. (2002) and
Foley et al. (2004) who found that maltreated children with the low activity allele of
MAO-A gene VNTR polymorphism were more likely to develop antisocial and
conduct disorders than carriers of the protective high-activity variant. On the other
hand, the possible clTect of the interaction between the MAO-A4 gene and Abusc on the
development of cyclothymic-mood-labile traits is congruent with the data of Huang et
al. (2004) who found that the lower expression variant was associated with a history

of childhood abuse and higher impulsivity.
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5.6.4. Weaknesses.

A potentially significant difficulty with attempting to control for the effects of
environmental variables in genetic studies deserves mention. It is in practice very
difficult to obtain a measure of environmental influence that is not contaminated by
genetic effects (Plomin and Bergeman 1991). Rowe (1981) first reported this counter-
intuttive notion by showing that adolescent twins’ reports of their parents’ levels of
accepting and rejecting behaviour were under genetic influence. This type of finding
has been extended to retrospective measures of family warmth and parental control
(Plomin et al. 1988) as well as family cohesion and encouragement of individual

growth {(Bouchard and McGue 1990).

Krueger ct al. (2003) demonstrated that the heritability of recalled family environment
is partly explained by the heritability of personality. The authors studied 180 pairs of
twins who were separated at an early age and reared apart with multiple measures of
personality and recalled childhood family environment. The same genotypes that lead
to mdividual dilferences in personality appear to influence the way individuals

remember their family environment (Krueger et al. 2003).

Following this line of reasoning it may be unwise o assume that correlations between
childhood trauma and psychopathology are indicative of the causal primacy ol abuse
or neglect. The situation is rendered even more complicated when one takes into
account the possibility that genetic lactors influence the probability of exposure to
environmental events. The impulsive risk-taking child or the inhibited socially
withdrawn individual may both be vulnerable to the nefarious influence of social

predators (Hill, 2003).

Yet another possibility is that a history of abuse simply supervencs on the family
history of BPD. In other words, BPD may be largely genetic in actiology. The familial
pattern of abusive relationships may be a consequence of genetically-driven mood

instability rather than a cause of psychiatric illuess (Garno et al. 2005).
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Another weakness of the gene-environment interactions described in this thesis is the
ambiguous nature ol some of the findings. The resulls of genetic analyses of complex
disorders are difficult to interpret given thc phenomena of incomplete penctrance,
variable expressivity, genetic epistasis and genetic heterogeneity as well as the
ubiquitous possibility of type | errors. When environmental variables and their
interactions with candidate genes are taken into account the complexity of the
situation increases exponentially and this together with science’s embryonic
understanding ol the neurobiology of psychopathology renders the legitimacy of

novel findings open to debate.

In addition, only one sclf-reported measure of childhood abuse, the Childfiood
Trauma Questionnaire was used as a basis for the analysis of the genc-abuse
interactions. More objective, perhaps clinician-based ratings would have facilitated
the evaluation of the results of this section of the thesis. It may also be worthwhile to
reanalyse the data with another “abuse” super-variable this time excluding

dissociative and borderline symptomatology.

Finally, the modest samplec size which may have reduced the power needed to detect
small cffects is noted. Replication studics are necessary in order to test the validity of

the results.



Chapter 6.

Conclusion: An Evaluation of Findings and Future Strategies.

Joy and woe are woven fine,

A clothing for the soul divine;
Under every grief and pine
Runs a joy with silken twine.

It is right it should be so;

Man was made for joy and woe;
And, when this we rightly know,
Safely through the world we go.

William Blake
Auguries of Innocence (1863).

6.1. Novel Findings.

The overarching theme of this thesis has been the emphasis on the neurobiological
and genetic complexity of bipolar affective disorder and the diflicultics this poses for
the phenotypic characterisation of the condition and consequently for gene

identification. Three novel strategies were adopted as a response 1o these challenges:

(1). Affected probands and their family members from a relatively reproductively-
isolated population, the Afrikaner, were recruited to participate in the current rescarch
project. Theoretically, populations that have expanded in size from a small number of
founding members should display reduced genetic heterogeneity and increased

linkage discquilibrium compared to out-bred populations.

There is no published work detailing molecular genctic investigations of BPD in this
cthnic group or indeed any South African population. Abecasis et al, (2004) however,
produced evidence for a linkage signal on the short arm of chromosome 1 as well as

chromosome 13432 in a sample of Afrikaner families with schizophrenia.
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The original findings from this component of the thesis include significant evidence
for linkage in the region of 1¢q31-32 with a maximum Merlin NPL (All) score of 2.52,
and a statistically significant association between the 10R allele of the DAT gene and

affective illness detected in the sample ol British origin.

(2). The main thrust of the thesis was the novel use of personality traits and
neurocognitive  function as endophenotypes for genctic analyses of BPD.
Understanding the genetic basis of these theoretically simpler phenotypic traits could
constitute the first step in the ascent towards the aetiological understanding of the

more complex psychiatric phenotype.

The BPD I group and to a lesser extent the MDE-R sample displayed higher scores on
personality scales that measure anxiety-related, mood-labite-itritable, and hypomanic
personality traits. The potentially distinct personality profiles of the BPD 1l and
MDE-S groups is interesting and worthy of follow-up. The anxiety-related and mood-
labile traits showed significant evidence of heritability, confirming their potential as

phenotypic markers of affective illness.

Original lindings include:

(a) Strong evidence for linkage between the 13¢32 region and NS in the largest
Afrikaner pedigree.

(b) Weak evidence for linkage between the Stability trait and markers on chromosome
4p16.

(c) An association between the COMTVall58Met polymorphism and mood-labile-
cyclothymic traits.

(d) An association between the BDNF Val66Met variant and hypomanic or novelty-
seeking related personality traits.

(¢) An association between the 3> VNTR variant of the DAT gene and anxiety-related,
mood-labile-cyclothymic, and hypomanic personality traits in the subgroup of British
origin.

() An association between the Notch4 exonic CTG repeat and anxiety-related, mood-
labile-cyclothymic, and hypomanic personality traits in the Afrikaner population.
Another quantitative trait, neurocognition, was used as a second experimental

endophenoype. The BPD T and MDE-R groups performed significantly worse than
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unaffected relatives on both verbal and visual memory recall tasks, but only the BPD |
group showed deficient recognition memory performance. The Memory super-
variable, the composite score of RCF (recall) and RAVLT (total learning and
recognition), showed some degree of heritability supporting its choice as an

endophenotypic marker.

Novel findings from this aspect of the thesis include:

(a) The [act that the MDE-R group as well as the BPD I group performed morc poorly
than unaffected relatives on visual and verbal memory recall tasks suggesting at least
some overlap in the risk alleles carried by bipolar probands and their unipolar
relatives.

(b) Potential linkage signals for visual and verbal memory on 10g23 and 22q11.

(¢) An association between the exonic DRD4 gene 48bp VNTR polymorphism and

memory performance.

(3). The (hird original aspect to this thesis was the attempt to control for an
environmental (actor, childhood abuse, that may interact with genetic susceptibility
variants to precipitate affective and psychotic illness. The BPD I, BPD [1, and MDE-R
groups all reported more emotional abuse than controls, while the latter two groups

also had a greater history of physical abuse than their unaltected relatives.

Novel results include:

(a) Whereas sexual abuse is highlighted as a risk factor for psychopathology in the
psychological literature, a higher prevalence of emotional and to a lesser extent
physical abuse, but not sexual abuse was characteristic of the BPD and MDE-R
groups in this study.

(b) Emotional abuse was also found to elevate Anxiety and Stability (unstable traits)
scores.

(¢) A potential interaction between early childhood trauma, the presence of the val
allele of the COMT Vall58Met polymorphism and elevated Anxiety, Stability and NS
traits.

(d) A potential interaction between exposure to sexual abuse, the low activity met

variant of BDNF and impaired performance on verbal and visual memory tasks.



238

(c) A possible interaction between sexual abuse and the €4 allele of the ApoE gene,
resulting in reduced visual and verbal memory task performance.
(f) A possible interaction between abusc and the low activity variants of the MAO-A

gene leading o increased anxiety-related and mood-labile-cyclothymic traits.

0.2. Methodological Weaknesses of this Study.

The binary linkage and association analyses werc carried out on a modest sample of
350 individuals and thus the study was potentially under-powered. Personality and
neuropsychological data were then collected on a proportion of this sample further

increasing the possibility of Type 11 errors.

A large number of personality questionnaires and ncuropsychological tasks were
administered to the cohort. A select few of these psychological tests then had o be
sclected as endophenotypes to case the potential for multiple testing-related errors.
Unless a PCA gives a very clear indication of the underlying components of the
battery, the sclection of tests can become an exercise in subjectivity. The other
alternative is for the rescarcher to make an a priori decision to use particular tests as
phenotypic markers ol BPD. When this thests commenced in 2002 however, there
was less clarity in the literature about which temperaments and neurocognitive

delicits could be used as endophenotypes of BPD, circumventing this option.

Thirdly, even with the limited number of endophenotypes - five in the case of
personality and only one in the case of neurocognitive [unction - used in this study, it
may be argued that the results are confounded by the large number of independent

tests carricd out on the data which exaccerbates the risk of false positive associations.

The issue of correction for multiple testing is controversial and statistically complex.
Bonferroni corrections are usually deemed to be overly conservative in cases where «
priori cevidence of an association is present or when the oulcome measures arc
correlated with each other (Perneger 1998). Some statisticians however, dispute the

theoretical validity of adjusting for multiple testing. Perneger (1998 p1236) writes that
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“Bonferroni adjustments are, at best, unnecessary and at worst deleterious to sound

statistical inference”,

Researchers are interested in testing the validity of each association between
independent and dependent variables but Perneger (1998) argues that Bonlerroni
adjustments do not provide this information but rather lead to the acceptance or the
rejection of an irrelevant null hypothesis that the groups are identical on all variables

under consideration.

Sccondly, Perneger (1998) notes that inference based on the results of Bonferroni
corrections dely common sense becausc a given comparison will be interpreted
differently according to how many other tests were performed. The example of a
patient who 1s senl by a doctor for diagnostic tests is illustrative of the point.
Assuming that each test has a bascline risk of returning a false positive result, the

patient’s diagnosis could be determined by how many laboratory tests were ordered!

Given time and resource constraints, not all regions of interest and promising
candidate genes were typed by the author. Examples include chromosome 6p22, 8p22,
10¢25-26, 12q21, G72/G30, Disrupted in Schizophrenia (DISCT), Dysbindin,
Neuregulin  (NR(), G-protem-coupled receptor  kinase (GRK3) and Proline
dehydrogenase (PRODI12). See section 6.4, below.

Both the psychological testing and the genotyping were performed by the author who
was consequently not blind to psychiatric diagnosis during the collection of thesc

data.

The majority of diagnostic interviews were performed during the initial recruitment
phase of the project between 1998 and 2000, and therefore DSM-1V diagnoses may
have shifted over time in a percentage of the sample. Nevertheless, since the genetic
analyses with the quantitative endophenotypes did not rely on formal psychiatric
diagnoses, these data should be immune to any potentially confounding diagnostic

changes.
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The analysis of potential gene-childhood trauma interactions was based on only one
measure of childhood abuse, The Childhood Trauma Questionnaire. In particular,
(possibly) more objective clinician-based ratings of childhood abuse could have led to

different results.

0.3. Theoretical Problems with the Endophenotypic and Gene-

linvironment Interaction Approach.

While the use of genetically simpler endophenotypes may help to ameliorate the
difficulties posed by the genectically heterogencous nature of BPD, there is no
guarantee that a particular endophenotype will not itsell display a certain level of
genetic heterogeneity. This is particularly true of more complex endophenotypes such
Kraepelinian or Akiskalian temperaments. Another potential example in this thesis is
the strong evidence for linkage between NS and 13q32 markers in pedigree 30 only.
As illustrated i Chapter 5, many of the endophenotypes used in this study were
significantly influenced by an environmental factor, level of childhood trauma. Thus
these personality phenotypes may not necessarily be easier to elucidate genctically
than psychiatric symptomatology. The selection of theoretically simpler phenotypes
may reduce this problem but these traits are less likely to show specificity for the

1llness.

A possible example of an endophenotype that shows poor illness specificily 1s
exceutive dysfunction. Executive dysfunction has been widely reported to be present
in people with unipolar depression, schizophrenia and their unaffected relatives
(Davidson et al. 2002; Hoff and Kremen 2003) which is to be expected given that
these illnesses are hypothesised to share nosological features and genetic risk [actors
with BPD (Akiskal and Pinto 2000; Bramon and Sham 2001; Berrettini 2004). A
number of disorders which bear a more tenuous nosological relationship to BPD are
however also characterised by executive dysfunction. The following list is by no
means comprehensive but includes ADHD (Barkley 1997), autism (Hill 2004) eating
disorders (Lena et al. 2004), obsessive compulsive disorder (Shin et al. 2004),
antisocial personality disorder (Hiatt et al. 2004) and borderline personality disorder
(Monarch et al. 2004). In fact, the possibility that signs of executive dys{unction are a

necessary feature of all psychiatric illness is raised. Unless the processes involved in
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executive functioning can be fractionated and each disorder correlated with a unique
disturbance, the generic term “executive dysfunction” will likely signify a
susceptibility to psychiatric illness rather than BPD per se. Anxiety-related
personality i1s another potential example of an over-inclusive endophenotype. Anxiety
ts associated with a myriad ol nosologically distinct psychiatric conditions.
Understanding the genetic basis of psychopathology-associated executive function
and harm avoidance-inhibitory personality styles will be invaluable but will not
nccessarily elucidate the susceptibility variants that make bipolar affective disorder

unique from other forms of psychiatric illness.

The counter argument to this potential difficulty with the use of endophenotypes is
that the author is guilty of the reification of DSM-IV psychiatric categories. The
raison detre of endophenotyping 1s the avoidance of DSM categorisation. If
supposedly distinct categories of psychiatric illness share genetic risk factors then this
may be indicative ol the failure of current diagnostic systems rather than the

inferiority of the relevant endophenotype.

As was mentioned in Chapter 5, sell-report mcasures of environmental influence such
as exposure to childhood abuse are not objective measures of the exposure to trauma

and are in fact strongly heritable.

On a philosophical note, one cannot 1n the author’s opinion, demonstratc « priori that
a particular trait is a genuine endophenotype for BPD (or any other psychiatric illness)
because unless the variants that induce susceptibility to BPD are known it is
impossible to prove that the marker is co-segregating with BPD in a family. Firstly, it
is theoretically possible that certain individuals with diagnoses of BPD do not carry
susceptibility genes. Thus the absence of a phenotypic marker in an aflected
individual may mean that the marker is not associated with the disorder, that it is not
associated with that putative subtype ol bipolar illness, or that the individual in
question is a phenocopy. Secondly, it is not always clear what phenotype should be
cquated with the presence of the illness. An individual with a bipolar diathesis may
present with a variety ol proliles such as schizoaflective disorder, unipolar
depression, alcoholism, and panic disorder. Equally, individuals with these conditions

may or may not be genetically predisposed to BPD and thus the presence or absence
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of the putative endophenotypic marker in these persons cannot prove or disprove a co-

scgregation of marker and trait.

This point can be extended to the ficld ol psychiatric genetics in general. The key
1ssue 18 the burden of proofl required to convince the research community that a
particular gene-disorder association is genuine. If a rare variant is responsible for a
psychiatric illness then a demoustration that this variant tracks with the illness in a
particular family is probably sufficient to demonstrate the actiological importance of
the variant in question. When common polymorphisms are the focus of research
cfforts how can the consumer of scientific publications differentiate between false
positive results, inconsistent replications due to genetic heterogeneity, and true
associations? In Popperian lerms, genetic association studies are currently
unfalsifiable, a label traditionally reserved for “pscudoscientilic” disciplines such as
psychoanalysis. In the author’s opinion the only long-term solution is for
hypothesised gene-disorder associations to be proven by higher level human and

animal experiments conducted by the neuroscientific community.

6.4. Future Directions.

The pilot analysis of personality and ncurocognitive endophenotypes described in this
thesis needs to be broadened and deepened. The typing of variants in at least some of
the candidate genes described in Table 6.1, below, would be a useful addendum to the
project. These tabulated data have been derived from various sources including papers
by Ogden et al. (2004), Sullivan (2005) and Hattori (2005), as well as Online

Mendelian Inheritance in Man (www.ncbi.nlm.nih.gov/entrez/query.legi?db=0MIM).

Tissue specific gene expression data were obtained from the Novartis Foundation

cxpression atlas (http://symatlas.gnfiorg).

Most of the genes listed in Table 6.1 have been either independently associated with
schizophrenia or BPD, or are located in regions linked to these disorders, especially
the candidate regions listed in Chapter 2. Given the evidence for linkage between
chromosome 1¢32 markers and affective disorder in this study, the region between

1923 and 1942 was emphasised. Other genes have been chosen because of their
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proximity to strong candidates based on data from this study such as DAT (5p15) and

NOTCH4 (6p21).



Table 6.1. Hvpothetical Disease Susceptibility Candidates.

Gene Name Location Expression in | Expression Expression Linkage to | Association
PFCn Cingulate Amygdala n Region Evidence
Cortex @ (Chapter 2.1)

RGS4 Regulator of G-protein | 1g23.3 - +++ T Yes (SCZ | Yes (SCZ)
signalling 4 BFPD)

CAPON C-terminal PDZ domain | 1923.3 + - - Yes (SCZ | Yes (SCZ BPD)
ligand of neuronal nitric BPD)
oxide synthase

GLUL Glutamate-ammonia 1925.3 +++ + + Yes (8CZ | No
ligase (glutamine BPD)
synthase)

ADORA1 Adenosine Al receptor 1g32.1 ++ ++ ++ Yes (SCZ | No

BPD)

PIGR Polymeric 1g32.1 + + + Yes (SCZ | No
immunoglobulin receptor BPD)

PIK3C2B Phosphoinositide-3- 1g32.1 + + ++ Yes (SCZBPD | No

; polypeptide

kinase, class 2, beta




PPP2RSA . Protein  phosphatase 2. | 1932.3 + - - Yes (SCZ * No
regulatory  subunit B BPD)
| (B56), alpha isoform
DISC1 Disrupted in | 1g42.2 + - + Yes (SCZ | Yes (SCZ BPD
Schizophrenia BPD) Cognition)
RGS7 Regulator of G-protein | 1943 A+t L 4 Yes (SCZ | No
signalling 7 BPD)
| GPR78 G protem-coupled | 4p16.1 - + - Yes (BPD) Yes (BPD)
receptor 78
ADCY2 Adenylate Cyclase 2 5pls.31 - + + Yes (BPD) No
BASP1 Brain abundant, | 5p15.1-pl4 +++ +++ +A+ Yes (BPD) No
membrane attached signal
protein 1
GRM4 Metabotropic  glutamate | 6p21.31 + + ++ Yes (SCZ | No
receptor 4 BPD)
GABBRI1 GABA B receptor | 6p22.1 - - - Yes (SCZ | Yes (SCZ)
BPD)
CAP2 Adenylate cyclase- | 6p22.3 +t+ -+ +4+ Yes (8CZ | No
associated protein, 2 BPD)
DTNBP1 Dystrobrevin binding | 6p22.3 + ‘{ + + Yes (SCZ 1 Yes (SCZ &
protein 1 i BPD) ' BPD)
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NRG1 : Neuregulin 1 Spl2 + - - Yes (SCZ) Yes (SCZ BPD)
PSAP Prosaposin 1 10g22.1 + - L+ Yes (BPD) No
CAMK2G Calcium/calmodulin- 10g22.2 + + - Yes (BPD) No
| dependent protein kinase
(CaM kinase) Il gamma
SGPL1 Sphingosine-1-phosphate | 10g22.1 + - + Yes (BPD) No
lyase 1
TACR2 Tachykinins receptor 2 10g22.1 + + - Yes (BPD) No
CIT Citron 12g24 - + - Yes (BPD) Yes (BPD)
, DAO D-amino-acid oxidase 12q24 + + - Yes (SCZ | No
| BPD)
NOS 1 nitric oxide synthase 1| 12q24 + - - Yes (SCZ | Yes (SCZ BPD)
(neuronal) BPD)
G30/G72 LG30 & G72 13g33.2 Unknown Unknown Unknown Yes (BPD & | Yes (BPD &
SCZ) SCZ)
ABAT 4-Aminoburtyrate 16pl13.2 + + + Yes (BPD & | Yes (Autism)
aminotransferase SCZ)
precursor
ADCY?9 Adenylate cyclase 9 16p13.3 -+ + + Yes (BPD | No
SCZ)
PRODH ' Proline dehydrogenase 1 | 22q11.2 Tt : T+ Yes  (BPD | No
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SCZ)

PITPNB Phosphatidviinositol 22q12.1 P+ + + Yes (SCZ | No
transfer protein. beta BPD)

RBMY RNA  binding  motf | 22q12.3 it - + Yes (SCZ | No
protein 9 BPD)

NPTXR neuronal pentraxin | 22q13.1 -+ +++ -+ Yes (SCZ | No
receptor BPD)

PFC=Prefrontal Cortex
SCZ=Schizophrenia

x Novartis Research Foundation (http://svmatlas.gnf.org) + expression above median ++ 3* median expression +++ 10* median expression —

below median expression
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A number of the genes listed in Table 6.1, were suggested as candidates for BPD and
schizophrenia by Ogden et al. (2004) based on an approach dubbed “Convergent
Functional Genomics™. Ogden et al. (2004) selected a set of genes that showed altered
levels of expression in response to methamphetamine and valproate administration in
an animal model. A subset of these genes that are expressed in key neuronal regions
were then derived from the master list and cross-referenced against regions of the
genome known o be linked to schizophrenia and BPD, as well as post-mortem data
from these patients indicating neuronal gene expression changes (Ogden et al. 2004).
The exploitation of data from multiple disciplines and their sieving through
biomformatics—-based methodologies will probably become the principal future
strategy for identifying genes worthy of exploration. A similar scheme could be used
to identify candidate genes involved in neurocognitive function. A baseline list of
candidate gencs could be derived from microarray-based studies of medication-
mmduced cognitive deficits in either animals or humans and then cross-referenced in a
similar manner {o that of Ogden et al. (2004). Up or down-regulation of genes
involved in approach-avoidance behaviour may be construed as candidates for
temperament. The caveal is that the biological basis of animal behaviour may be just

as complex as the mechanisms underlying human behaviour and psychiatric disorders.

While « priori identification of candidate genes is important, a systematic evaluation
ol reported associations is an even greater imperative. As was alluded to in the above
discussion, psychiatric geneticists nced to work together with molecular biologists
and ncuroscientists in order to demonstrate that the genetic variants associated with
psychiatric illness exert an effect that Ieads to dysfunction of neural circuits involved
in cmotion or cognition. A nascent movement in this direction 1s already detectable.
For instance Egan et al. (2001), Hariri et al. (2002) and Hariri et al. (2003)
demonstrated that particular polymorphisms associated with schizophrenia were also
associated with functional 1maging and ncurocognitive changes. Stefansson et al.
(2002) demonstrated that Neuregulin 1 (associated with schizophrenia) knockout mice
showed reduced expression of N-methyl-D-aspartate receptors suggesting that
glutamatergic abnormalities may be characteristic of the disorder. Brandon et al.
(2004) and Schurov ct al. (2004) have cxplored the neurodevelopmental role played

by DISC 1 in an animal model.
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The complexity of intra-cellular signalling pathways suggests that changes to more
than one gene involved in a molecular cascade may be necessary to induce
susceplibility to psychiatric illness. On a genetic level this is theoretically reflected in
the phenomenon of gene-gene interactions. Ogden et al. (2004) and Hattori et al
(2005) have thus advocated a systematic approach in which all the genes involved in a
particular molecular pathway arc considered to be potential candidates for
psychopathology. It may therefore be germane to investigate the circuits driven by

COMT, BDNF, DAT, Notch4 and other genes that have been associated with BPD.

This approach 1s however predicaled upon the assumption that the statistical
techniques and power necessary to compuie these potentially complex gene-gene
interactions are available. Assuming these technical difficulties can be overcome
testing data for genctlic epistasis may prove to be very fruitful. In one example,
Schulze et al. (2004) observed a positive correlation between bipolar-family-specific
linkage scores on chromosome 6¢ and 6p22.2 (which lie approximately 70 ¢M apart)
and argued that this correlation was reflective of an interaction between the two loci.
Linkage analysis calculations for each locus conditioned on evidence of linkage to the
other locus increased the LOD scores from 2.26 to 5.42 on 6q and from 0.35 to 2.26

on 6p22.2 (Schulze et al. 2004).

As [ar as the endophenotypic approach is concerned it may be instructive to identify
simpler endophenotypes -~ endophenotypes of personality and neuropsychological
testing-defined neurocognitive function - that will introduce less noise into genetic
analyses. Concerning personalily, one emerging possibility is the extensive body of
work describing asymmetrical prefrontal cortical activation as evinced by
clectroencephalograph (EEG) and its relationship to positive (appetitive drive or
behavioural activation) and negative (inhibitory) affective style (Davidson 1998;
Demarcee et al 2005). Other neuroimaging modalities such as functional magnetic
resonance imaging (fMRI) may provide a more sensitive and domain-specific
measure of neurocognitive dysfunction. A hypothetical schematic of the phenotypic
and perhaps genetic complexily of various endophenotypes for bipolar disorder is

shown i Figure 6.1, below.



250

Increasing Complexity >
Neuroimaging Basic Temperaments
Genotype Bipolar
Phenotype
Neuropsychological Kraepelinian ‘I'raits

Figure 6.1. Complexity of Candidate Endophenotypes.

One additional potential endophenotype which has been suggested in the literature is
relative hand-skill (RHS) which serves as an indirect measure of cerebral
lateralisation (Leask and Crow 2001). A more direct, imaging derived measure of the
degree of hemispheric lateralisation may theretore be a usetul endophenotype for both

BPD and schizophrenia populations.

In keeping with the leitmotif of this thesis, that of genetic heterogeneity, linkage
study-derived data could be analysed differently. Instead of adding the LOD scores
together from all pedigrees in a sample, the sub-group of families which are positively
linked to the region in question could be compared to the negative-linkage group on
various phenotypic measures. If the two groups differ from each other phenotypically,
an independent sample with the specific phenotype of interest could be recruited and
assessed for linkage. In other words, one could work backwards and search for
endophenotypes in an g posteriori manner instead of trying to determine the identity
ol endophenotypes « priori. The difficulty with this approach, however, is the
possible absence of a simple, linear correlation between genotype and phenotype. In
other words, the identical phenotype may be underpinned by different genotypes or

the same genotype may give rise to different phenotypes.

In future analyses of gene-environment interactions it would be helplul to try and

obtain a more objective (perhaps clinician-derived) measure of the environmental
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variable under study. One possibility is early loss or separation from parents although

this varlable may relate more to the risk of developing unipolar depression than BPD.

6.5. A Hypothetical Genetic Model of BPD.

BPD and other complex disorders are often conceptualised in the literature as
continuous, normally distributed traits underpinned by the actions ol numerous genes,
cach with a small effect. When enough susceptibility alleles aggregate in an
individual, a threshold is breached, resulting in disease. This polygenic model (PGM),
or a slightly more sophisticated version of it involving genetic epistasis, is favoured
by proponents of the CDCV hypothesis discussed in Appendix A. On the other end of
the spectrum, a monogenic or major locus model (MEM) in which one genctic variant

contributes to all or most of the risk for a discase has less commonly been proposed.

Kelsoe (2003) cvaluated the strength of these models apropos BPD. The PGM
receives support from epidemiological surveys which indicate a lower prevalence of
the more severe phenotypes like BPD | and schizoalfective disorder, an intermediate
prevalence of the BPD 11 phenotype, and a higher prevalence of the milder bipolar
spectrum conditions (Kelsoe 2003). This model is also consistent with data from this
thesis indicating that the personality traits and neurocognitive profile of the MDE-R
group was intermediate between the BPD | and unaffected relative samples.
Nevertheless, the BPD 1T group did not conform to this pattern. The PGM is also
supported by the literature reviewed in Chapter 2 which indicates that common
polymorphisms of genes like COMT, SERT, BDNF and DAT have been repeatedly
associated with BPD.

As pointed out by Kelsoe (2003) however, the MLM can also account for the
prevalence data of the various categories of BPD illness by invoking the phenomenon
of incomplete penetrance. That is, relatives of the BPD proband may inherit the same
discasc susceptibility variant but display milder forms of illness because of the
absence ol precipitating environmental factors (Kelsoe 2003). The importance of
gene-environmental interactions is highlighted by the results of this study which

indicate that a combination of exposure to childhood abuse and inheritance of (a) va/
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allele(s) ot the COMT Vall58Met polymorphism may predispose to the development
ol affective illness as well as anxiety-related, mood-labile, and novelty-seeking-
related personality traits. The MLM is also supported by the replicated rcports of
linkage to particular regions of the genome which is suggestive of the action of
genetic variants of large effect. One such region, 1q31-32 was also found to be linked

to affective disorder in this study.

How can these divergent models underpinned by association and linkage data,
respectively, be reconciled? Kelsoe (2003) has postulated a so-called mixed-model in
which susceptibility to BPD is driven by a small number of loci of large effect acting
on a polygenic background. This basic schema is then complicated by genctic
heterogeneity and epistasis producing a pattern of overlapping and distinct phenotypes

underpinned by distinct or at least partially distinct genetic factors (Kelsoe 2003).

Data from this thesis is applied to the schema of Kelsoe (2003) to produce a concrete
but admittedly highly speculative example of a mixed model in action. Regarding the
PGM component, common variants of the DAT and Notch4 gene are hypothesisced to
exert a non-specific phenotypic cffect and to therefore constitute risk factors for the
development of a broad range of bipolar phenotypes. On the other hand, the short
allele of the SERT 5-HTTLPR is postulated to be a general risk factor for anxiety and
thus associated with subgroups of highly anxious bipolar patients only. The BDNI”
Valo6Met variant is hypothesised to predispose to BPD through its effect on
hyperthymic or hypomanic traits. On the other hand, BPD individuals with an
irritable-mood-labile temperament will be most likely to display an excess ol the
COMT val allele, and this association may be modulated by carly traumatic
experiences. Finally the 4R allele of the DRD4 gene may predispose to a type of BPD
characterised by impaired executive or memory function. Against this polygenic
background, rare variants in the region of 1q32 and 10923 contribute substantially to
the risk of developing BPD spectrum illness, while rare variants in the region of
13932 and 22q11 are risk factors (or the development of NS-rclated personality traits
and neurocognitive dysfunction, respectively. This model, which is summarised in
Table 6.2, below could well turn out to be incorrect but its real value may lie in ils
heuristic conceptualisation of BPD as a heterogeneous collection of phenotypic

syndromes underpinned by divergent genetic and perhaps environmental risk factors.
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Phenotype Akiskal’s Associated | Risk Allele | Modulating | Linked
Nomenclature | Gene Factor Region
(see Table
1.1)
Broad ? DAT and | 10R and 6R | ? 1932
Notch4 and
10g23
Hyperthymic Type 1.5/11 BDNF Val66Met: | ? 13¢32
subtype val
Mood-labile- Type 2.5. COMT and | Vall58Met: | Childhood | ?
irritable- MAO-A val and | abuse
aggressive MAO-A
subtype VNTR: low
Anxious ? SERT and | 5-HTT- Childhood ?
subtype MAO-A LPR: short | abuse
allele and
MAO-4
VNTR: low
Neurocognitive | NA DRDA4 4R ? 22q11
impairment
Neurocognitive | NA BDNF and | Valo66Met: | Sexual ?
impairment  + ApoE met and | abuse
environmental g4/e2
mnsult

The hypothetical model constructed above is indicative of the nascent potential of
endophenotypic approach and the importance of characterising gene-environment
interactions. Genetic knowledge is without peer in its potential for radically altering
the practice of medicine but the obstacles, especially in the field of psychiatric
genclics, are formidable and care should be taken not to over-estimate the probability

of short-term success. Advances are likely to be incremental.
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Appendix A.

Background Information.

A..l. Linkage Analysis.

Linkage analysis, the traditional tool for identifying disease genes is based on the
principle that the smaller the distance between two loci, the lower the probability that
they will be separated by meiotic recombination events, and hence the greater the
probability that the loci in question will be inherited as a unit (co-segregation). This
probability is called the recombination fraction, #. The identity and position of one of
these loci - the hypothetical discase gene - is unknown. The information available for
this “discase locus” is usually only binary: whether or not the individual is afflicted
with the disorder. On the other hand, the position of the marker selected by the
researcher is known and thus the degree to which the genetic marker and the disease
phenotype co-segregate within families is indicative of the likelihood that the marker

and the hypothetical susceptibility locus are linked.

n principle, 0 is simply the observed number of recombinants divided by the total
number of meioses in the sample: 0=R/(N+R). The problem is that only doubly
heterozygous parents are informative for linkage and unless phase is known, by
having full information on grandparents, it may be impossible to classify individual
offspring as recombinant or non-recombinant (Thomas 2004). An additional difficulty
1s that the effects of a gene may not be fully penetrant and therefore the trait
“genotypes” cannot be determined with any degree of certainty (Thomas 2004). These
ambiguities are dealt with by the LOD (logarithm of the odds) score method which
calculates 6 based on all the possible combinations of genotypes for each individual
(Thomas, 2004). The variables that influence this calculation - the mode of
inheritance of the disorder (dominant or recessive), the discasc allele frequency, the
penetrance of the gene, and the phenocopy rate, have to be specified by the

researcher.
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In more formal language, the LOD score is the logarithm of a likelihood ratio test
comparing the odds that the hypothetical discase genc and the marker are linked
(0<0.5) against the null hypothesis that they are unlinked (#=0.5). In mathematical

notation:
LOD (0) = log10 (L(0)/1(0.3)).

1.OD scores are derived from inheritance patterns within families but the scores from
different pedigrees can be added together to increase the power of a study.
Traditionally, a LOD score of 3, which provides odds of 1000:1 against the observed
pattern linkage occurring by chance, is regarded as statistically significant. In
statistical analyses the minimum acceptable risk of a false positive is usually 1 in 20
but in fact a 1.LOD score of 3 corresponds to an approximate p value of 0.05 because of
the low «a priori probability of linkage which stands at about 1 in 50 given our

complement of 46 chromosomes.

While a LOD score of 3 or more is suggestive of linkage, it is unclear what the
threshold for significance should be when there is « priori evidence [or linkage to a
rcgion and only a small number of markers are typed. One possibility is to carry out

simulations using family structures in order to derive empirical p-values.

In a two-point linkage analysis a single marker locus is tested for linkage to a disease
locus. Greater power can however be obtained by testing two or more markers for
linkage to a disease locus, simultancously (Thomas 2004). This is known as

multipoint linkage analysis

Clcarly the correct specification of parameters such as penetrance and allele
frequency is important for the accuracy of linkage calculations. Unfortunately,
however, the true values of many of these parameters are usually unknown which may
lead to Type 11 errors (Thomas 2004). This led to the development of alternative but

less powerful approaches that do not require the specification of a genetic model.

These model-free or non-parametric methods are based on the premise that aflected

relatives with a disorder are more likely to share genetic material in the vicinity of the
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disease locus than expected by chance. The simplest form of non-parametric linkage
analysis is the affected sib-pair (ASP) method in which identical by descent (IBD)
allele-sharing (alleles inherited from a common ancestor) calculations are performed
among pairs of siblings. On average, affected sib-pairs should share 0, 1 or 2 alleles in
the proportions (Y4, %2, and Y4), and any significant deviation from this ratio, supports
the case for rejecting the null hypothesis of no linkage (Elston and Cordell 2001). The
observed number of alleles shared IBD is calculated (2*1#2+n/) and compared 1o the
number of alleles shared under the null hypothesis of no linkage (N). This gives the

test statistic:
7= [(2n2+nl) - NIN(N/2).

Identity by state (IBS) methodologies which simply examine whether two individualg
share an allele regardless of whether it originated from a common ancestor, have also
been developed. These approaches were later generalised 1o all affected relatives in
the family (APM analysis) with the degree of IBD or IBS allele sharing compared to

that expected under the null hypothesis of no linkage (Elston and Cordell 2001).

Sib-pair methodologies can also be applied to quantitative data, classically through
the usc of the Haseman-Elston algorithm. [ a particular locus contributes to the
variation in a quantitative trait then the more alleles shared IBD by sib-pairs or other
relative pairs, the more similar the relatives should be phenotypically (Thomas 2004).
To test this hypothesis, the difference between each sibling pair for the quantitative
trait is squared and then regressed against the expected proportion of alleles shared
IBD (Elston and Cordell 2001). The degree of allele sharing is denoted, , and the
squared trait difference, D*. If D? decreases as m increases than this implies some

degree of linkage to the relevant marker(s) (Elston and Cordell 2001; Thomas 2004).

A.2. Association Analysis.

I["allele y of a particular gene is found morc frequently than expected by chance in
individuals with disease z then y is said to be associated with z. Here the allele

frequency expected by chance is not determined by patterns of inheritance within a



331

family but by the frequency of y in the general population. Thus in theory, association
i1s a population level phenomenon. There are two predominant reasons why an

assoclation between a genetic variant and a disorder occurs in the population.

The genetic variant may exert a direct causal effect such that carriers of the allele are
more likely to develop the illness. In this case one would have to demonstrate that the
allele in question has functional consequences - lor example alteration of gene
expression, translation (mRNA stability) or protein conformation. The sccond reason

for association is linkage disequilibrium (LD).

LD is the phenomenon whereby particular variants of two genes arc inhcrited together
(or usually inherited together) by virtue of the (act that they lie close iogether on the
chromosome and arc therefore unlikely to be scparated during meiotic recombination
events. Here the assumption is that in the distant past a mutational event occurred in
an individual, X, producing a new allele, K. This new allele would be passed on to
some of X’s children along with a large chunk of the surrounding chromosome. All of
the genetic variants on this piece of chromosome would initially be in LD with K.
Over the generations, however, many of these variants would become separated from
K so that on average only those alleles in close proximity to K would still display
evidence of LD. So the supposition inherent in LD mapping 1s that apparently
unrelated individuals all share a common ancestor if one travels far enough back in

time.

Theorctically patterns of LD in the genome can be exploited to map the loci
predisposing to complex disorders. Markers in 1.D with each other provide redundant
information and thus regions of high LD can be identified and key markers within
these haplotype blocks genotyped and tested for association with the phenotype of
interest (Cardon and Abecasis 2003; Clark 2003). [t has been suggested in some
quarters that 300 000 to 1000 000 SNPs may be enough to cover the entire genome
(Gabriel ¢t al. 2002) and these optimistic forecast have catalysed the launch of the

N1H funded haplotype mapping (HapMap) project.

While elegant in theory, LD has not actualised its potential as an identificr of complex

disease genes although it has facilitated the identification of Mendelian disease genes.
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Firstly, the implicit assumption underpinning L.D mapping is that the common disease
- common variant (CDCV) assumption holds true. The CDCV hypothesis which has
become almost de rigueur among geneticists holds that complex disorders such as
psychiatric illness are common because of the high frequency of the predisposing
alleles in the general population. These alleles may be necessary but are certainly not

sulficient to cause the illness (Becker et al. 2004).

Even if most complex disorders are caused by the interactions of multiple genes and
environmental factors, however, different alleles of the same gene may all predisposc
to the same illness, rendering the strategy of LD mapping ineffective (Terwilliger and
Goring 2000). Potentially even more damaging is the possibility of widespread non-
allelic heterogeneity with rare variants playing a causal role in disease (Weiss and

Terwilliger 2000; Clark 2003).

Secondly, chromosomal distance is not a perfect predictor of the extent of LD. A
marker that lies close to the disease locus can show weaker LD than a more distant
marker (Nordborg and Tavare 2002). The reasons for this are manifold. A marker that
has a young origin relative to the disease allele will display a greater degree of LD
than a marker that is as old as, or older than the disease allele because the smaller the
number of generations to the most recent common ancestor, the less opportunity there
will have been for recombination to take place (Nordborg and Tavare 2002).
Alternatively, natural selection for or against an allele can lead to extensive LD
surrounding that variant (Nordborg and Tavare 2002). Recombination hot-spots are
also scattered throughout the genome and levels of LD are likely to be significantly

lower in these regions.

Thirdly, the patterns of LD vary widely between population groups making the
extrapolation of results across studies problematic. The example that is usually
described in the litcrature is that of ancestral African population groups which display
significantly lower levels of LD than Caucasians. This has been attributed to the
larger average size of the African population and the fact that only a subset of the

gene pool was drawn from Africa during migration from the continent (Clark 2003).
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Table B.7: Linkage Data — Chromosome 15.
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Table B.8: Linkage Data - Chromosome 16.
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Table B.9: Linkage Data - Chromosome 22.
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Appendix D. Pedigree of Family 30.

The two branches of the family are shown separately for clarity.

+ indicates that the individual has been genotyped.

e
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Table C.1. Primer Sequences and Markers used in the Linkage Analysis.

22411,

Region Location | Marker
(Mb)

1313 1948 | DIST600
1qﬁ2j{'m"'wm“*‘1603 TDI182653
321 12002 | DISTOTS
2333 2080 TD282321

2333 2085 | D2s2208

dplol 70 [ D4as3v4

Caplo.l T |78 | D4S2983

4plol 104 | D4s1582

T10g23.3 924 DI0S1753

[10q23.3 926 | DLOSS64
09233 92.6 D10ST171
12q24.2 117.0 D12S86

12243 123.4 D1281612
[RIRE] 97.8 D13S1298
1332 98 DI3S1271
13q32 98.5 D13S1244
5qI1.2 232 D15S122
15q12 25.5 “D15S1002
ISl [ 27.0 | DISSI048
lopl23 Lo [ DI6S3024
TQH??W’ T4 DI6S3027
Clop132 T 1 D16S3088
22q11.2 243 | D284t
[ 22q11.2 243 D225315

2 24.5 D225 1104
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Genelic Variants and Primer Sequences used n the Association Analysis.

Variant

PCR
Annealing
Temperature

(UC)

S-HTT-
LPR

592

| CTTGIACTTGGAGGAACTGACC

Forward Primer (5°-3°)

SERT
VNTR

55

Reverse Primer (5°-3%)

I GAGGCAGCAGACAACTGTG

L TGTTCCTAGTCTTACGCCAGTG

DRDA-
48R

55

DRD4-
1201ns/Del

59.2

T T CCATCCTGUHGAGAGAAGAAAC

GCGACTACGIGGTCTACTOG

COMT
VI5S8M

56-51TD

ACTGYGGOTACTCAGC GG

AGGACCCTCATGGCCTTG

| CAAAGGTCTGGAGGACACG

T COTTTTTCCAGGTCTGACAA

BDNF
V6oM
"DRD2 Taq |

55

DAT

59.2

Notchd

57
57

T GGAAACAGOTCAGACGTGAG

CAACAGGOTTGACATCATTIGGCTG

CCGACATGTCCACTGCAGTCTTTT

COGTCGACCOTTICCTGAGTGTCATCA

TTGICTICGTGTAGGHAACGGCCTGAG

CTTCCTGGAGGTCACGGCTCAAGG

CCACTGAACATCCTCCTAAG

CACAGCCTGACCGTGGAGAAG

APOE

TCCAAGGAGUTGOAGGCGGCGCA

Prion

Met129Val

AACGTCGGTOTCGUGTGAAGT

GAACGGACGCTCCATTCGGA

L GCCCCGGCOTGGTACACTGCCA

T TCAAGGAGGTGGCACCCACA




[ SNP

Restriction Knzyme

COMT V158M
BDNEVOOM

HSPO21I

BbrPI

DRD2 Tag

TagiA~

o1

Prion

BSA Al
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Resolved on ...

2% Agarosc

6% PolyAcrylamide |

| 6% PolyAcrylamide

2% Agarose

[‘27% Agarose
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Appendix E. Personality Ques:ionnaires.

(1). Cloninger's Biopsychosocial Model of Personalitv: ihe Temperament and

Character Inventory (Cloninger et al. 1994),

The Temperament and Character Inventory (TC1) 1s a scllicreport mventory that
measures scven discrete dimenstons ol personality. Four af these scales measure
putatively hentable or Targely heritable tempceranients, while the other three
dimensions measure socioculturally determined charccter traits (Cloninger et al.
1994). The TCI has been shown to possess adeqguale reliability. The mitcrnal
consistency coefficients (the average of the single test ilem inter-correlations) of the
scven dimensions range between 0.7 and 0.89, while the twst-retest (the temporal
stability of the test over multiple administrations) correl:tions range between 0.51 and

0.84 (Cloninger ct al. 1994).

Cloninger et al. (1993) have developed a psychobiolog.cal modcel of personality that
attempts to dilferentiate heritable, genctic factors or wemperaments from so-called
character traits which develop later on through .. dizullarion of Tifc experiences.
Cloninger et al. (1993) identify four temperaments  nos ity seeking; harm avoidance;
reward dependence and persistence - which putatis ely reftect biases in the way the

brain processes inlormation and thercfore responds 1o poerceptual stimuli.

Novelty sceking (NS) is a description of the neryvous systeni's inclination o initiate
exploratory behaviour. High scorers will be quick iemipered, excitable, curious,
impulsive, and extravagant. Harm avoidance (HA). an e other hand, is a description
ol the nervous system's proclivity for inhibiting o1 ccazing certain behaviours. High

scores on (his dimension arc associated with traits such as anxiety, shyness, fear of

uncertainty and fatigability (Cloninger 1991). Rew:rd cependence (RD) 1s described
by Cloninger et al. (1993) as a neural bias for maiitais ing current behaviours. High
scorers depend on the approval of otliers, and ihe sfore display traits such as
sentimentality, warmth and social attachment (Cloninges 1991). Persistence is a bias

for maintaining behaviour despile frustration and [hiigue. and is a measure of

diligence, industriousness, degrec ol ambition, perisctionism and perseverance
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(Cloninger et al. 1994) Persistence was origina:iy .ubsumed under the reward
dependence dimension. However because it was found to be fargely independent of
al

other aspects of reward dependence Cloninger et al. ¢« 1943) have labelled it as a fourth

independent temperament.

Cloninger et al. (1993) have proposed that characier tas opposed (o temperament)
traits develop as a result of learning and involve the reo. gaiusation ol self-concepts 1o
allow the individual to adapt to the demands ol thie civironment. It is important (o
notc however, that temperament also influcnces he individual’s development of
character traits. Life experiences mteract with the aindrlying femperament to forge
character (Cloninger ct al. 1999). For example, peoy ie v.ith an obsessive temperament
are more hikely to display a melancholic or depcinicen churacter organisation while
individuals with an independent temperament proile nave w greater probability of
displaying an autocratic character. The three characier iraits - sell-directedness (SD);
cooperativeness (C), and self-transcendence (ST) - reflest acceptance of the individual
sell, acceptance of others, and acceptance of the vorld, or nature in general,

respectively. SD taps  traits such as responsitality, rehiability, and  surgency.

Cooperativencss 1s a measure ol helplulness, compassion, soctal tolerance and
adherence to ethical pnnciples, and ST reflects traas cuch as tmagiation, patience,

and wisdom (Cloninger et al. 1994).

(2). The Hypomanic Personality Questionnaire (Eci olac ana Chapman 1980).

The Hypomanic Personality Scale (I1PS) is a 4& ilcn sellreport mstrument that
measures Lraits assoctated with bipolar disorder (Eci.blit and Chapman 1986; Kwapil
ct al. 2000). These traits describe people who are cheerlul, optimistic, extroverted,
scll-confident, irritable, rude, reckless and irrespossibic (Akiskal 2001; Meyer and

Keler 2002).

The Hypomanic Personality Scale appears to identii / individuals at risk for the
development ol bipolar disorder (Meyer and Keltor *007). Iickman and Chapman
(1986) found that high scorers suffered from a grcates number ol mood disorders,

were more likely to display psycliotic symptoms, « cro al «n increased risk for drug
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abusc and had lower psychosocial [unctioning th:n controls. Kwapil ¢t al. (2000)
carried out a longitudinal study ol HPS test-takers anl fownd that 25% of the high
scoring group compared to 0% of the low-scor: . croup. had developed bipolar
disorder at follow up, 13 years later. Meyer et al. (201 found that scores on the HPS

were predictive of depressive symptomatology at a ~ yeur follow up.

Although the FIPS was originally normed on underyraduate students at the University
of Wisconsin-Madison, and may vary with age, eti:nicry and social-cconomic status
(Meyer and Keller 2002), Klein (1990) has arguce thi t the scale s cross-culturally
ralid.

(3). The Affective Neuroscience Personality Scale (1avis et al. 2003).

The leitmotif running through the work of Pankseps: aic | calleagues 1s the notion that
emotions can only be understood by analysing the.r adaptive significance and
studying the cvolutionary conserved, innale neurc inzonineal circults that generate
them. Davis ct al. (2003) hypothesise that variatic 1 i pcrsonahity can be explained
by reference to the activity of six discrete affective -ysicms m the brai: Anger, Care,
Fear, Play, Sadness, and Seek. These sub-cortici! cmoetional systems which are
putatively characteristic ol the mammalian bran.. ifclp clucidate both affective
tendencies or temperaments, and “higher”™ leve: poychadynamic or personality
structures which grow out ol these cvolutionary ol-fer meitonal biases (Davis ct al.
2003). In lact, Davis et al. (2003) hypothesisc that then six aticctive dimensions form
the foundation of the now ubiquitous five factor persosality model (FIFM) developed
by Costa and McCrac (1992). For heuristic reasons they also introduce another

“higher emotional attribute™, spirituality (Davis ¢t ol 2635,
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qles (Cudapted from Davis et al.
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ot newd detectors or cues in the

environment that signal reward, controls the appetiii ¢ ot atwonal system, that is the

impulsc to scarch, investigate and make scnse of th ¢ o wviroment (Panksepp 1998).

This enables anima

s to survive and perpetnate il soccis by obtaining resources

such as food, warmth, and sex. Feelings associated witiy Ul activation of this system

include excitement, curiosity and general energisatica. “he ceching system 1s made up

of mesolimbic and mesocortical DA tracts which o

( one the ventral tegmental

arca (VTA) of the brain stem through the lates L vpethwamus to the nucleus

accumbens and cerebral cortex (Panksepp 1998). 1hen - v« tracts are activated in a

tonic fashion and this relative degree ol stability nrcars that appetitive drive can be
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considered to be a personality (rait. Panksepp (19755 « ypoithesises that activation of
the secking system facilitates learning and cnhances reciviy but over-activation
leads to psychotic disorders such as schizophrenia e iuni, perhaps explaining why
anti-psychotic drugs exert their effect by reducing D2 activity at D2 receptors and
psychostimulants like cocaine sometimes induce poratioia. £'onversely, underactivity

of'the system is hypothesised to contribute to depression

The Anger or Rage System.

Anger is adaptive in the sense that it propels organis:as o compele lor resources when
expected or desired rewards or not obtained. Anger 15 i so precipitated by restrictions
placed on an individual’s {freedom lo act or by paiii «r + ritiion of the bodily surface,
and here the adaptive value ol the cmotion i wei--evident. The probability of
cxperiencing anger 1s enhanced by activation of l S chreg system since high
expectations of rewards will not always be met, anc th se twvo systems may therefore
act in a mutually inhibitory manner. I‘eelings o. wager wre hypothesised to be

codadsid arcas via the stria

generated by a circuit which runs from the medici way
terminalis to the medial hypothalamus, and from ihe e o the pertaqueductal gray
matter (PAG). The neurochemistiry ol this system i net been well clucidated but

Substance P and scrotonin may play an important micde ator, iole,

The Fear System.

The ability to detect and anticipate dangers in the e oni,en s key 1o any animal’s
survival. In- mammals, this adaptive problem has becio: shved through the evolution of
a neural circuit that coordinates the physiologi-al  peicepiual and  behavioural
responses Lo threats (Panksepp 1998). Activation ol ihi+ cireant which originates in the
lateral and central amygdala, runs through the anterior .nd medial hypothalamus, and
exlends to the PAG, is associated wilh the cmotions ¢ ancicty and lcar and parallel
signs ol autonomic arousal such as sweating and Gielocaccia i humans, anxiety is
not only precipilated by exogenous cvents, but ci.eses rein internally generated
nemories or pathology such as epileptic foct. Pank. opi- (198) hypothesises that

trauma or other adverse cxperiences may sensitize chi~ decp subcortical circuit,
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lcading to a chronic hypcremotional state that 1. - liaciory o higher cognitive
influence.

Sadness.

A related, but independent circuit mediating panic o, epariion distress runs {from the
preoptic arca and bed nucleus of the stria terminal:s Jdowr thiough (he dorsomedial
thalamus and PAG. Activation ol this pathway lcac. o cisotions such as loneliness,

gricl, and depression accompanied by parasympatheiic aut noic symptoms such as

tightness in the chest, a Jlump in the throal, and the desive tooery (Panksepp 1998).
Over-arousal of this circuit is hypothesised by Panks: o (1955 to mediate the clinical

phenomenon ol panic attacks.

Play.

The capacity for rough-and-twnble play 1s commern (o ale nwonmals and has been

hypothesised o improve social cooperation and boiding. fethitate the learning of

both social and cognitive skills, and promote the ¢evelo: awnt ol social rank and
o

leadership (Panksepp 1998). The ncuroanatomical and nevcocticmical basis of these

putative play circuits remain a matler of speculation but prelimimary  evidence

suggesls that various posterior thalamic nucler mediate fadie phenomena, in part

through the modulatory activity of the opioid system (1 nksepp [1998). Panksepp
(1998) hypothesises that underarousal of the play cireuit1s cscinted with depression,
while overactivity of this emotional system might provoke . onintoms ol mania

Care.

The mammalian care circult i3 hard-wired to pros.ote @ nurlurant behavior of
mothers and in the case of humans, lathers towards (hew ofi b a phenomenon that

clearly enhances the survival ol their progeny (Pankscpp i 90 the circuit probably
incorporates many subcortical structures including the patlic oy irom the preoptic area
to the habenula of the brain-stem, and beyond through the hivpothalamic tract to the
ventral tegmental dopamincrgic system (Pankscepp 1998). e activily of this system

appears to be mediated by ncurotransmiticrs such as o viovin, the opioids, and

prolactin which induce feelings ol acceptance, nurturasee o, love,



Psychometric Characteristics.

[nternal consistency reliability (Cronbach’s alpha) ringes o 0.605 to 0.86 for the
various scales. The negative emotion scales (anger, feor and sadness) tend o correlate
with e¢ach other, while spirituality is related 1o scores on i esitive emolion scales,
which also correlate with cach other (sceck. care, and ple) (Davis et al. 2003). A
lactor analysis conlirmed the existence ol the positive and wweeive emotional [actors
which are hypothesised to show equivalence to Gray™s (1V+7) Schavioural Inhibition
and Activation Systems (Davis ¢t al. 2003). Scores on the o~ scales correlate highly
with some ol the FI'M dimensions: Play and Extraversio (v 0.40), Secking and
Openness to Experience (r 0.47), Care and Agrecableicecs (r 0.50), and Fear
(r=0.75), Anger (r=0.65), and Sadness (1=:0.68) with Meuroticison (Davis et al. 2003).
It is hypothesised by the authors that l'car, Sadnes: and Anoer all inter-correlate
highly with each other and with the FEM Neuroticism cooee because humarns are
unable to distinguish well between the feelings of anxiciy. distress or sadness, and

irritation (Davis et al. 2003).

(4). The Temperament Assessment of Memphis, Pise, Poosand San Diego Auto-

questionnaire (TEMPS-A) (Perugl and Akishal, 200.2).

The TEMPS-A was discussed 1 a fair amount of deticl 1 ocnon 3.2, and the details

will not be unnecessarily repeated here. In short, the "FAWPS-A 15 a 110 item
questionnaire consisting of 5 subscales (D1, CT, 1T 1T and A1y of 21 items (see
Table 3.2, below). Each item requires the vespondent to cireic true or false in response

{0 a slatement. An alfirmative responsce to 11 or more e 15 indicative of an

clevated score on that particular subscaic (Perugh and Kisiod 10907),
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and Mallya 1987, p71-72).

Temperament. | Description.

Depressive Gloomy, pessimistic and incapabl: ol fui; quiet, passive and
indecisive; broody and given to worry: lack ol self-confidence;
conscientious; sctf” critical and scll repreacaing; preoccupied with

failurc and negative events.

wcerful, cexuberant, natve, ovarconlident, bombastic,

Hyperthymic [rritable, ¢
loquacious, extroverted, warm, meddleso:ie. unminhibited; haughty;

stubborn; msubordinate.

Irritable Moody, irritable, hot-tenipered, pacanoid, Srooding, hypercritical

and complaining, obtrusive, dysphoiscally oiless and impulsive.,

Cyclothymic [ntroverted  sell~absorption alternating  voith - people  seeking;

decreased verbal output alternating wvith tulvativeness; unexplained

tearfulness alternating with jocularity; roschmnism alternating with
optimism; low scll-cstcem allernaang ik grandiosity; mental

confusion alternating with creative thinkize

(5). The Schizotypal Traits Questionnaire (Claridge and Broow . 1984).

The Schizotypal Traits Questionnaire 1s cotnposed ol two < aate scales, the 37 item
Schizotypal Personality Scale (STA) and the 18 ite.1r Bodeviine Personality Scale
(STB). A principal components analysis carried out by wowhings et al. (2001)
produced a four lactor solution: magical thinking. parsneie. unusual perceptual
expericnees, and social anxiety and sensihvity to critieisi:. 1iic STB loaded on two
lactors: fechngs ol purposelessness and scli-destructiv enes: nidd inipulsive antisocial

urges (Rawlings et al. 2001).
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Additional Tests Administered.

(0). The Beck Depression Inventory (BDI) (Beck and Sicer 140073,

The BDI is a 21-item sell~report inventory that was wiesivs « 4 1o detect and measure
the degree of severity ol depressive symptoms in adolese: oo nd adults (Beck and
Steer 1993). The BDI has been shown to be a reliable vinteriod < ansistency - 0.86) and
valid measure of depression (Protrowskt 1996) and - the - swdely used in research
studies (Startup et al. 1992). Test-retest 1cliabilitics ranye from 0.74-0.93, and no
gender or ethnie differences have been reported 1 American populations {Lezak
1995). One caveat i1s that the mtention ol test 1s tran: parciity reflected m cach item
and this makes the test open to manipulation or probi-mat, i the (esting of patients

who deny their distress (1.czak 1995).

(7). The Altman Self-Rating Mania Scale ((1SRA) (Aluman ¢ ai 1997).

The ASRM consists ol 5 groups of statenients covera. o, niccisellconfidence, sleep,
talkativeness, and activity level, respectively. The sco ¢ foo ot gronp of statements
ranges [rom 0-4 depending on the severity ol the syniom .eestion so that the total
ASRM score ranges between 0 and 20. Scores grearer (e o are considered to be
indicative ol hypomania or mania (Altman ct al. 1937). 1w cut-ofT point correctly
classified 85.5% of patients with mania and 87.3%, ol o manic individuals in

Altman et al.”s, (1997) test sumple.

Although there is a school of thought thai nmanic paent: 0 ot have the requisite
insight to produce valid self=reports (Platman ¢t al. 1-09), i tas been disputed by
Baucr et al. (1991), Shugar ¢t al. (1992), and Altrozn (1205, who argue that sclf-
rating measures of mania are highly correlated witlt clintes o ratines of mania. The
ASRM shows good test-retest reliability (r 0.86-0.69) wnd concurrent validity as
cvinced by significant correlations (r = 0.718 and v 0.7co; with the Mania Rating
Scale and the Clinician Administered Rating Scale for M respectively (Altman et

al. 1997).
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Appendix IY. Neuropsycholoy«al Tests.

(1). The Digit Span (Forward and Reverse).

The Digit Span is really two tests in one. The Digits Forvard is a test of concentration
and attention, or as Lczak (1995) phrascs il, “lrcedoia from distractibility”. The
examiner reads a list ol numbers to Lhe patient, whose sk 1t is to repeat back each
scquence exactly as it i1s given. The list of digits 1vad to the patient becomes
progressively longer and the task increasingly dilficult until the patient fails or 8

consccutive digits are recalled correetly.

The Digits Backwards is adminislered in exactly the sanie way except fhat this time
the subject 1s required to repeat back the list ol divar - i the reverse order. This
requires the individual to keep the relevant numbers o mind and “juggle™ them
around. In other words, it is a micasure of working memaiy (1.czak 1995). The reverse
digit span test 1s sensitive to both [rontal cortex, and leli and nght parietal lobe
damage. The “online”™ manipulation of data which is usually equated with working
memory, involves recruilment ol regions ol the darsolateral prefrontal cortex,

espectally the Telt dorsolateral convexity (Smith and Jories 1999)

(2). The Controlled Oral Word Association Test (COW 1),

This task requires the individual (o name as many words as possible that begin with a
particular letter of the alphabet. The three letters comnonly used are F, A, and S,
hence the alternative name, the 'AS test. A time T of one niinute per letter is
imposed. Proper nouns, names and identical words won dilTerent suflixes are not
allowed. The score is the total number of valid words ofamed by the individual over

the three trials.

The COWAT mcasures expressive language function o verbal (Tucney, but 1t also

loads on factors such as vocabulary, reading-writing and mental operations (Johnstone

ct al. 2000). Variables such as age and education leve! mfluence task performance,

and Lezak (1995) urges caution in the nterpretation ¢i:cores of subjects without an
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high school educalion. Test-retest reliability varies fron: 0.7 10 0.88 depending on the

testing mterval (Johnstone ct al. 2000).

Ramier and tHecaen 1978, quoted in Cavedini el al. (19 correlate task performance
with the left frontal lobe anterior to Broca's arca, wihough more recent reports
indicate that right or bilateral frontal lobe lesions may aiso depress COWAT scores
(Johnstone et al. 2000). Irith et al. (1991) carried oul positron emission tomography
(PET) scans of individuals who werc required o generate words, and demonstrated an

increasc in activity ol the left dorsolateral prelrontal cosiox, and bilateral decreases in

activity ol the superior temporal cortices. Other rescarc s postulate that the FAS is
primarily a measure of generativity, and perlormance 1+ werefore maximally sensitive
to lesions of the deep ventromesial white matter and o a lesser extent the

supplementary motor cortex (Solms 2005, personal conu:unication).

(4). The Reyv Complex Figure Test (RCY).

The RCF is a measure ol visual perception and menw o, constructional praxis, and
planning (Helmes 2000). The complexity of the test mai es it dilficult to interpret in
isolation from performances on other neuropsychological tasks (flelmes 2000) and
therefore scores from other tasks in the battery cre used (o facilitate the

iterpretative process.

The major advantage of the RCU is its availability ond case of administration.
Subjects arc given a blank sheet ol paper and asked to copy the ligure, unaware of the
recall task that awaits them. The study participants wore asked to recall the ligure of
Rey 30 scconds after completion of the copy trial. .- scoring method of Taylor

(1959) as described by Lezak (1995) was used for botts e copy and the recall trials

ol the RCF. This scoring mcthod takes into account bt the presence ol a particular
aspect of the diagram, and its relative position within it whole of the design. Thus
for each of the 18 clemeits ol the diagram, the pos-ole score ranges [rom 0-2,

allowing for a maximum of score 36 points.

The different cognitive processes tapped by the RCT e discussed below.
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(a). Visual-Spatial Perceplion.

Distortions or omissions mn the subject's copy may be niicative of either left or right
hemisphere pathology (Helmes 2000). Paticnts with «timage to the right parietal-

«

occipital lobe arc unable to process the overall organisation or “gestalt” of the figure,
resulting in distorted drawings, while leflt parictal-coipital lobe lesions tend to
produce diagrams with a paucity ol details (L.czak 1949+ This pattern of delicits is

usually scen even more clcarly in the more taxing recalt ial.

(b). Visual Memory.

In order to remove the effects of the copy trial on memor - performance and obtain the
13 2y M ~ M e o i M . . ] - ‘e -
cleanest” estimale of visual memory possible, it waen decided to use the “Percent
Recall” score (recall scorc/copy score x 100) method devised by Snow (1979) as
quoted by Lezak (1995). The only caveat atiached to s method is that sometimes
the copy performance ol the patient can be so low that tHie recall score cannot be much
lower, artificially inflating the memory score (Lesak [795). Recall performance is

particularly sensitive to right or bilateral temporal lobe weions (Helmes 2000).

(¢c). Praxis.

A successful copy of the RCFE requires intact line tolor control, visual-spatial

perception and a reasonable degrec ol orgamsational aliitiy (Ielmes 2000).

(d). Planning.

The RCF test 1s also sensitive 1o "exccutive function” because a drawing strategy that
entails reconstruction of the overall design configuration followed by inessential
details, will aid recall. Besides planning and strategic tninking delicits, (rontal lobe
patients may losc track ol the elements of the drising that have already been

completed, resulting in repetitions or omissions (Lezst 1995)0 Perseveration 1s also

seen although this s less common (1.ezak 1995).
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Memory and copy performarnce on the Rey shows an av- related decline that begins in
middle adulthood, and accelerates in by the seventh dec, e ol life (Spreen and Strauss
1998). In contrast to the RAVLT, malcs tend to outperivrm females by one or two
points (Rosselli and Ardila 1991). Inter-rater rehability cores are excellent and range
rom 0.91 to 0.98, while test-retest rcliability scores vary between 0.60 and 0.76
(Lezak 1995). Performance on the copy and recall triids of the RCE is influenced by
both cducation levels (r=0.43 and r=0.37) (Rossclh ana Sordila 1991) and intellectual

ability (Lezak 19935)

(6). The Stroop Colour Word Test (Trencrry et ai. i:39).

The Stroop Neuropsychological Screening Tost (SNN13 is based on the idea that 1t
takes longer to read a printed colour name when ilic ik i owhich the word is printed
is different to the colour that the collection of letteie speeily (Lezak 1995). The
individual is initially required to read a list of words (;-reen, blue, red, tany as quickly
and as accurately as possiblc, and then asked o specifs thie colour ol the ink that each
of these words is written in. The former task has been Gabbed the “control condition”
ol the Stroop, and the latter task the “interfcrence conditien™ of the test.

The Stroop 1s a primarily a measure of the ability o whubit over-learnt or prepotent
responses in the face of conflicting information (Robest- i and Pennington 19906), an
ability which has been localised 1o the dorsolaterir prefrontal cortex, anterior
cingulate gyrus (Posner and Raichle 1994), the left inlior frontal gyrus (Taylor et al.

1997), and the orbital-basal cortex (Solms 2065, persorist ommunication).

Stroop theorised that his now eponymous inicricrence sifect was due to differential
practice: people are trained [rom an early age lo assooate words with reading, not
colours (MaclLeod 1991). Stroop's explanation huae sioved to be robust, and is
compatible with two morc modern accounis ol the Mtoop elfect: relative speed of
processing and automaticity (sec MacLeod 1991 for ¢ veview). The relative speed of
processing view 1s based on the idea that words arc rewd faster than colours causing
interference at a mited capacity bulfer wheir the coloerword response in required.

According to the automaticity hypothesis, the naming - colours requires much more
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attentional resources than the naming of words which 15 automatic, and hence less

colour-words than words arc named during the testing pertod (Macl.cod 1991).

assessment ol bipolar individuals (Albus et al. 1996: P, diso clal. 1997; Van Gorp et
al. 1998). The SNST 1s known to have excellent test-re:iest rehiability (0.90), and has
been shown to discriminate between brain-damaged act normal adults with 80-90%
accuracy (Trenerry ct al. 1989), making it a valid wiearere of [rontal lobe function in
adults. The Stroop is reported to be cqually sensitive to “exceutive” and altention
deficits (Shum et al. 1990; Hanes et al. 1996; Savilz and Jansen 2003). Patients with
mild head injuries, schizophrenia, depression and dereentia may also find this test
difficult (Lezak 1995; Ponsford 2000). Althcugh the voeieht of the data suggest that
left frontal cortical lesions arc associated with perfo:ance deficits on the Stroop
(Ponslord 2000), right lateral prefrontal lcsions hayve also been associated with

performance crrors (Vendrell et al. 1995).

(7). The Rey Auditory-Verbal Learning Test (RAVILL)

The RAVLT measures verbal learning and shovt-terny -« erbal memory (Lezak 1995)
although 1t also possesses an “cxccutive” comportient. namely the ability to sell-
monitor and venfy performance thus f(acilituling learning (Solms 2005, personal
communication). Fifteen words are read aloud to the subjeet who is required to recall
as many words as possible from the list. This serves as a measure of immediate

memory. The procedure 1s repealed another 4 times.

The learning rate can be caleulated by subtracting the sumber ol words obtamed in
trial 1 from the number ol words obtaincd m trial & The totul learning score is

calculated by adding together all the words ob:tained over the (irst S trials.

The subject is then required to remember a new list ol words (trial 6). Trial 6 serves as
a distracter, and can also be uscd to nmicasure muacdiate memory. Proactive
interference (recently learnt material interferes with the sequisition of new material) is

cstimated by dividing the number of words obtamed 1 t+al 6 by the number of words
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obtained in trial 1 (Helmes 2000). After trial 0. 1the sub ¢l 15 Gnee again required to

recall the original list of fifteen nouns without the cxami -or re reading the words.

Retroactive interference is calculated by dividing the raamber ol words oblained in
trial 7 by the number ol words obtained in trial 5 (Ieines 2000). After a delay of
about 20 minutes, during which time the WOST was c.nunistered, the subject was
given a hist of words containing the 15 target words, acd required Lo identify them.
Recognition ol the target words is a measare i lor -ferm memory storage and

retrieval efficacy (Helmes 2000).

‘Measure. Culeulssion

Immediate Memory. Tl ]
Prouctive Interference. | Tdal o Tria 1 ]
leaming Rate. | lwils Tridl -

Total Learning,. Stamol irials 15,

Retroactive Interlerence. Tvwl 7 tria 3.

Long Term Menmory and Recall Efficacy. | Recognition drial.

Memory problems in bipolar patients have been dete ted through the use of the
RAVLT (Wolfe et al. 1987; Colfman ct al. 1990). [reatal lesions appear to effect
recall more than recognition, but left temporai lob  dumage adversely affects

performance on all task vartables (lLezak 1995

Age, gender and niental ability alTect RAVL scorer Bl crly patients tend to perform
at a lower level than their younger counterparts, and wo en outperform men because
of their greater verbal dexterity (Lezak (9955 Test-rerst corrclations after a year-
long hiatus have been reported to range fron H.38 (o 0.0 (Stow el al. 1988 in Lezak
1995). The RAVLT has been successlully vaed ne the assessient of patients with
closed head ijuries, Alzhcimer's discase (Bivier ol 1989), and  general

neurological and psychiatric paticnts (Rosenbory ctni. 1+ 34,
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(8). The Wisconsin Curd Sorting Test (WCS'T-0415.

The WCST consists of four stimulus cards | red triangle. 2 green stars, 3 yellow
crosses, and 4 blue circles. respectively - and 2 pacls ol 04 cards cach. The subjeet is
asked to match cach of the cards in the pack (or packs 1 the (ull 128 card version is
used) to one of the 4 stimulus cards placed on the tabl- ach card can be matched
according to 3 categories: colour, form or number. The subjeet 18 not told how to
match the cards, but is given feedback afler cacly wria® us to whether the card was
correctly matched. Afier 10 consecutively correet respotises. the examiner changes the

sorling category without informing the test-tal.cr.

Four different scores were obtained [rom the WOST lati

(a). Number of categories achieved.

(b). Trials taken to first catcgory. (An indical:on of how muiny trials the first category
was achieved in).

(¢). Failure to maintain cognitive set. (This was detiaed s getting 5 or more sorts in a
row correct and then making a mistake).

(d). Percent perseverative errors. (The number ol poorseverative errors made divided

by the total number of trials which in this casc was 6:4).

The original test developed by Berg in 1948 swas desiened oassess cognitive

Mexibility, hypothesis testing and problem soiviny  Ax lrod 2002). The WCST was

quickly found to be sensitive to lesions of the {isntal lobes, and became a
ubiquitously used ncuropsychological tool (Ticaton ot a . 19935 [t is i facl regarded
in some quarters as the best single measure o! prefis nta: lobe function (Morice 1990)
although Anderson et al. (1991) assert that the WS, cannol differentiate {rontal
from non-frontal focal Tesions. Frontal coriex dysiunction may interfere with the
planning of tasks and the ability to generate i schoct aiernutive hypotheses (shifting
cognitive set), traits which the WCOST putatively micasuies (1 esak 1995). The WCST
also differentiates individuals with diffuse Brain domase from neurologically intact

individuals (Axelrod et al. 1992).
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The WCST often takes at least 30 minutes to adninister (Axclrod et al. 1997), and
thus a number of dilferent administrative and scoting mcchanisms have been
introduced over time, including the abbreviated 64 card version (WCST-64) of the
original 128 card test. Axelrod et al. (1992) comparcd th-- mean scores attained by 120
subjects on the WCST-04 and WCST-128 (1he regu

ar version), and found no
statistically significant dilTerences for any variable, providing cvidence for the
validity of the WCST-64. Kongs et al. (20060) have wince pushisiied normative data for
the WCST-64 which indicate that the abbreviated test s sensilive to [rontal lobe
dysfunction, and like the full version ol the test, ade.uately dilferentiates clinical
patients [rom controls. The WCST has also becin uscd o number of times in the
assessment of bipolar individuals (Coflman ct al. 1990; joldbery et al. 1993; Albus et

al. 1996, and van Gorp et al. 1998).
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The original, 70 item version of the Child Trauma Questionnaire (C'TQ: Bernstetn and
Iink 1998) 1s a sell-administered inventory that provides a retrospective assessment
of childhood abuse and neglect. Thierapists™ ratings ol abuse and neglect were used to
demonstrate “good” criterion-related validity, while convergent and discriminant
vahdity was demonstrated with a structured trauma interview. Test-retest reliability
over a 2 to 6 month interval is putatively “cxcellenC”. In short, the CTQ appears to
correctly detect abuse and neglect historics 1 both noraal and clinical populations

(Bernstein et al. 2003).

The abbreviated CTQ was designed as a rapid screcning istrument for both clinical
and non-referred populations. Like the original version of the questionnaire, the short
28 item version of the CTQ 1s composed ol the tollowing five chinical sub-scales:
physical, sexual, and cmotional abusc, and phystcal and emotional neglect. A three
item denial/minimisation scale 1s also included 1o deteet the under-reporting of

maltreatment (Bernstein et al. 2003).

The CTQ short form performed cquivalently across Tour diverse USA populations. In

other words, despite differences m age, scx, cthnicity, socio-cconomic status, and

psychopathology, individuals intcrpreted the items ol the scale in a consistent manner
(Bernstein et al. 2003). Correlations with therapist ratings of abuse werce statistically
significant lor all the subscales (p-20.01), and ranged Irom 0.36 to 0.75 (Bernstein et

al. 2003).

The Dissociative Experiences Scale (DES) is the most widely used sclf-administered
measure of dissociation and was designed o mceasur. dissoctation in both normal and
clinical populations (Bernstein and Putnam 19806) although 1t performs better in the
latter (Wright and Loftus 1999). The DES is composcd ol three subscales  amnesia,
depersonalisation-derealisation, and absorption. The 28 1ems were derived from
clinical data, interviews, and discussions with experls in dissociation (Bernstein and
Putnam 1986). The test-retest reliability and the internal reliability of the DES is 0.84

and 0.90, respectively (Bernstein and Putnam 1986). ‘The DES has been shown to
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differentiate  between controls, subjects with vasious types of non-dissociative
psychopathology, and subjects with dissociative dentity disorder (Bernstein and
Putnam 1980; Carlson and Putnant 1993). Individuai: with post-traumatic stress

disorder (PTSD) and dissociative identity disorder (D HD3 tend to produce the highest

scores on the scale, lollowed by individuals with borderline personality disorder,
schizophrenics, patients with mood disorders, and (he general non-clinical population
(Carlson and Putnam 1993). Gender, sociocconomic <tatus, cducation level, and
religious alfiliation do not appcar o nflucnce DES scores (Carlson and Putnam

1993).

On the original DES, respondents are asked to make & mark o a 100mm line to
indicate what percentage ol the time they spend having 1 particular experience. One
end of the line 1s labelled 0% and the other end 100%,. The markuig of the original
DES can be time-consuming, and Carlson and Putnani. (1993) thus introduced an
alternative response set (0%, 10%, 20% ..... 100%), and named the new scale the
DES [I. The DES Il has almost identical psychometric propertics to its predecessor
(Carlson and Putnam 1993; Wright and Loftus 1999), bl 1s casier to administer. A
score of 30 or above on the DES (1 1s usually mdicative ol the presence of a severe
dissociative disorder, but it should be noted that the 1xf, cannol be used in isolation
to makc DSM-IV diagnoses, and should dlways be corroborated witlt a clinical

mterview (Carlson and Putnam 19933,



Appendix H. Explanation of thc ANOVA Interaction Effect.

The author is indebted to Lize van der Merwe for providing the example uscd in this

Appendix. In order to test for gene-environment interactions a mixed-model ANOV A

stalistic was uscd. For each statistical test, family ol origin was entered into The model

as a random-{actor to control [or the fact that individuals in the sample are related to

cach other. The following covariales were entered into the model: age, gender,

ethnicity, sell-reported depression and scli-reported mania scores. The clfect of the

genotype was then tested, followed by the ¢fTect ol the relevant C'TQ variable. These

are the main effects ol the model. The interaction between the two main cflects was

then calculated. In order to explain what the iteraction result means, refer 1o the

intcraction between the SERT 9OR allcle, sexual abuse and its elfects on Memory

below.

Table I.1. Mixed Model ANOVA: SEERT OR*sexual abuse

0.0733

Fixed Effect | Value | STD Error
Age 1-0.0267 | 0.0030
Gender -0.2033 | 0.1018
Ethnicity 0.0679 | 0.1163
“Altman (mania) 20,0030 1 0.0174
‘Beek (depression) | -0.0149 | 0.0066
Sexual abuse | -0.0345 | 0.0119
SERT9R 1-0.7902 | 0.3865
‘Sexual abuse*9R

0.0357

t-value | p-value
8743 | 0.0000 |
-1.996 0.0477
0.583 | 0.6527
0175 | 08612 |
22063 |0.0250
2.890 | 0.0044
2.044 | 0.0426

2,052

0.0419

Afler adjusting for the covariates, each sexual abusc point (range 5-25) subtracts on

average 0.0345 from the Memory score (‘Table H. 1, column 2). Each allele 9 subtracts

on average 0.7902 from memory. " both sexual abusc and an allele 9 is present

0.0733 x the sexual abusc score 1s added back, il there are 2 alleles then 0.146

(0.0733x2) x the sexual abusc scorc is added to the Memory score.

So il a person has a sexual abuse scorc ol 20, and 2 9R alleles, he/she gets both

0.7902 x 2 = 1.5804 and (20 x 0.0345) 0.69 ~ 2.22/04 subtracted [rom the Memory



score But also 20x2x0.0733=-2.932 added back. The combined cffect will be to add

0.66106 Lo the Memory score.

It 1s clearly impractical for all this information to be provided for every gene-abuse
interaction covered in the thests and thercfore a shori-hand will be used. For example
the following paragraph illustrates how this iteraciion was described in the results

section of the thesis:

“As far as Memory performance was concerned, botlh the 9R SERT VNTR variant
(1=-2.044, p=0.0426) and sexual abuse (¢ -2.890, p 0.0044) were associated with
reduced memory scores. However, the YR allele of SERT inieracted with sexual abuse

10 produce higher Mcemory scores (t-2.052, p- 0.0419)".





