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FOREWORD

Michel HAMON, and Philip GORWOOD®

Considerable progress has been made for the last fifty years in the
treatment of psychiatric disorders thanks to the empirical discovery of the
psychotropic properties of a few drugs. Actually, antipsychotics first, then
antidepressants, anxiolytics and mood stabilising agents have all been
discovered at the beginning of the second half of the last century, causing a true
revolution in the clinical practice of psychiatrists, and the definitive recognition
of psychiatry as an actual clinical discipline, with the use of effective drugs in
addition to other medical interventions, as for cardiology, internal medicine, etc.

However, serious limitations in this progress have been the relatively
low proportions of patients responding to the drugs, the unpredictibility of the
response, and the deleterious side effects of the first antipsychotics and
antidepressants which sometimes considerably deteriorate the quality of life of
patients, and explain the poor compliance to treatments. A second breakthrough
in the clinical practice of psychiatrists has then been achieved from the
seventies, i.e. 30 years ago, when novel drugs were developed on the basis of the
extensive neuropharmacological investigations that followed the empirical
discovery of the first psychotropic drugs. Indeed, because clear-cut data showed
that tricyclic antidepressants act through the blockade of monoamine reuptake,
chemists synthesized selective monoamine uptake inhibitors which then
revealed to share with tricyclics potent antidepressive properties. Similarly, the
demonstration that phenothiazine and butyrophenone antipsychotics actually act
through the blockade of dopamine receptors led to the development of selective
dopamine receptor antagonists, such as the benzamide compounds sulpiride
and amisulpride, which are endowed with clear-cut antipsychotic properties.
Such achievement was a clear breakthrough because these novel drugs,
specifically designed to act selectively at clinically relevant molecular targets,
are consequently endowed with much less secondary, deleterious, effects of
the first psychotropes. Indeed, the quality of life of patients treated with this
second generation drugs is markedly improved compared to that degraded by
earlier drugs, which contributes to higher compliance, and, in turn, better
efficacy. However, better does not mean optimum because a large proportion of
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depressed or psychotic patients still do not respond to these second generation
drugs. Indeed, at least 30% of depressed patients are not responsive to potent
antidepressants, but the reasons why they do not respond are not known.

A third step in the development of better treatments is therefore needed,
and neuroscientists and clinicians are strongly determined to make it fully
successful. This step actually involves two complementary approaches. The first
one consists of improving the design and synthesis of pharmacologically active
molecules in order to increase the effectiveness and safety of drugs aimed at
alleviating psychiatric disorders. Chemists already produced multi-target drugs
acting at several receptors, enzymes, transporters, relevant to these diseases, but
still (mostly) devoid of undesirable side effects. These third generation drugs (such
as atypical antipsychotics acting at both dopamine and serotonin receptors, or anti-
depressants acting simultaneously at serotonin reuptake site and presynaptic auto-
or hetero-receptors) are clearly a further progress toward better treatments.
However, even much more can be expected from the second approach of this third
step, which consists of considering the genotype as a possible reason for good,
poor or no responding to drugs. This field of research is the domain of
Psychopharmacogenetics.

The objective of this book is to present all aspects of this novel
discipline which aims at identifying the possible genetic reasons causing a given
patient to respond, or not respond, to a psychotropic drug, and to suffer, or not
suffer, from side effects caused by this drug. For this purpose, we asked the best
experts in the world to contribute to this enterprise, and all accepted with great
enthusiasm. We are very grateful to all of them, for their remarkable and
comprehensive contributions. The book is organized in three main parts. The
first one, with the first 9 chapters, is devoted to the various major psychiatric
disorders for which one can expect so much from Psychopharmacogenetics, as
definition of patient’s genotype should be of great help to design the best drug
treatment specifically for this patient, with maximal chance of positive response
and minimal risk of side effects. For instance, polymorphism in the promoter
region of the gene coding the transporter responsible for serotonin reuptake
seems to be critical in the response to second generation antidepressants. The
second part aims at providing detailed knowledge on major molecular targets of
psychotropic drugs, with particular focus on polymorphisms of relevant genes
which play key roles in both the neurobiological mechanisms underlying the
diseases and the mechanisms of actions of these drugs. In the last part of the
book, possible genetic reasons accounting for side effects of psychotropic drugs
are reviewed, concerning cardiac, motor and sexual functions, notably because
of marked individual differences in the metabolism of drugs.

Clearly, drug treatment of psychiatric disease is a real challenge, and
also a bet as it is extremely difficult to predict the quality of individual response.
Psychopharmacogenetics is undoubtedly a potent approach toward better
treatment by identifying responders based on genotype profile. We do hope this
book will contribute to open this novel discipline in the field of psychiatry, and
to promote a novel method of great potential for the design of more effective
and surer treatment adapted to a given patient.
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1. INTRODUCTION ON
PSYCHOPHARMACOGENETICS

Philip Gorwood, Elizabeth Foot*

To wrest from nature the secrets which have perplexed philosophers in all ages,
To track to their sources, the causes of disease,

to correlate the vast stores of knowledge,

That they may be quickly available for the prevention and cure of disease
-These are our ambitions.’

Sir William Osler, 1849-1919

The ultimate goal of psychopharmacogenetics is improved patient health-
care. The following chapters of this book will detail the different mechanisms
potentially involved in psychiatric disorders giving clues for new pharmaco-
genetic studies, and the description of various psychiatric disorders, their
treatment and associated side-effects, that may shed light on the complexities of
the different phenotypes.

The research findings presented will hopefully in the not too distant future,
5- 10 years, form critical knowledge on which future treatment guidelines will
be made, to ensure psychiatry patients are benefiting from these advances in
scientific knowledge and the new insights gained from genetics and pharmaco-
genetics in ravelling the complexities of psychiatry disorders and their treatment.

*  Philip Gorwood, INSERM Unit 675 (IFR02) Faculty Xavier Bichat. 16 rue Henri Huchard,
75018 Paris-France.

Elizabeth Foot, Glaxo Wellcome Research and Development Limited, Greenford, Middlesex, UK.
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1. INTRODUCTION

The idea of the “science of the brain” and that the application of this science
could be used to improve patient health is a belief well rooted in medical thinking.
Indeed, since the time of the Ancient Greeks, the concept existed that psychiatric
illness possessed an underlying neural structure. The last century saw an
evolution of this medical thinking, with a growing body of research conducted
within universities and institutions, to elucidate the chemistry and neurobiology
of the brain and the changes that occur in psychiatric disorders. This pioneering
research set the grounding for now viewing psychiatry as a science-driven
medical field and the prospect of evidence-based treatment for these disorders.

Up until this time, drugs such as opiates had been used as the primary
pharmacological treatment for psychiatry disorders such as depression and
mania. These met with some success, although raised the problem of induced
addiction. One can consider that it was the discovery of the first brain
neurotransmitter, acetylcholine by Otto Loewi and Navrati E. (1926) back in the
1920s, that saw the beginnings of more science-based treatment strategies, with
the end of the century seeing the wide spread use of the selective serotonin up-
take inhibitors in the use of depression and mood disorders, the use of dopamine
antagonists in schizophrenia and lithium for bipolar disorder.

However, despite the enormous advances made in our understanding of
brain chemistry and the development of ground-breaking medicines, there
remains considerable unmet patient need for more effective and better tolerated
drugs (Figure 1). The sequencing of the human genome and the ability to
investigate the genetic variation between individuals now offers a further
window by which to untangle the complexities of psychiatry disorders and
response to drug treatment. Pharmacogenetics, the science of the inherited
component of variability in drug response, is now playing an increasingly
important role to evolve the field of psychiatry medicine from a symptom-based
medicine to a more mechanism and evidence-based field. Psychopharmacogenetics
is the term used to describe pharmacogenetics as it specifically relates to the
genetic understanding of the variability in response to psychiatry drugs.

As we ask the question as to how psychiatry medicine will look at the end
of this century, or indeed in the nearer term, in next 5 to 10 years, a growing
body of data is emerging to believe that new drugs for the future are hidden in
our genes and to support a role for the use of genetic markers as part of a
physician’s decision-making criteria. Understanding the genetic contribution to
the variability in response to drugs is predicted to reduce the reliance on trial and
error prescribing and ultimately lead to more effective medicines and improved
healthcare for patients. This genetic understanding of drug response, or
pharmacogenetics, is also sometimes referred to as “giving the right drug at the
right dose to the right patient at the right time”. The evidence that this belief will
soon become a reality, and the role for pharmacogenetics to support the clinical
development and prescribing of novel psychiatry medicines is growing. Many of
these key findings are described in the subsequent chapters of this book.
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tolerated drugs

Evidence
based treatment options

Improved efficiency of drug development

Improved disease understanding & disease
definition

Better understanding of the components contributing to
drug response profile

Legend: Patient need will be met by combined: (i) enhanced understanding of the disease
phenotypes contributing to complex psychiatry diseases which in turn will provide new insights to
help identify new drug targets and (ii) enhanced understanding of the factors contributing to drug
response.

Figure 1. Patient Need Pyramid.

This introductory chapter aims to set the scene and provide a background to
pharmacogenetics from the point of view of: (i) the patient and the potential
benefits of the research findings for improving healthcare, (ii) the clinical
research environment by providing an overview of some of the large on-going
clinical studies and also Regulatory Authority initiatives in this field, (iii) the
Science from the point of view of the methodology and issues that need to be
considered in conducting pharmacogenetic studies, (iv) the Ethical consideration
and finally (v) some thoughts on what is needed to move these scientific findings
from research to the clinic.

2. PHARMACOGENETICS AND THE PATIENT

Current treatment strategies in psychiatry rely largely on symptom-based
diagnosis, using a diagnostic score (DSM-IV and ICD-10), based on symptom
clusters rather than the underlying neurobiology. Although current treatments
can be highly effective in some individuals and offer significant improvements
in patient quality of life, many psychiatry drugs unfortunately share a common
absence of predictive factors for efficacy. Physicians have to rely on their own
experience with a considerable element of trial and error prescribing. It has long
been known by both physicians and patients that not all drugs work to the same
extent or at the same dose in all patients diagnosed with the same disorder, based
on symptomology. Nowhere is this more apparent than in psychiatry, where
there is a high percentage of non-responders or incomplete response to initial
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treatment, approximately 40%, countered by significant side-effects. The latter
include rare instances of serious adverse reactions, such as the potentially life-
threatening agranulocytosis observed in approximately 0.8% of patients receiving
clozapine treatment, as well as non-life threatening, but still serious, metabolic
side-effects such significant weight gain following anti-psychotic treatment.

A number of factors appear to contribute to this variable drug response
profile, ranging from poor understanding of the etiology of the disease and
symptom-based diagnosis leading to subjects with potentially heterogeneous
disease etiologies being classified with the same disorder, to dose selection and
environmental factors (Figure 2).

DRUG
absorption
distribution
metabolism
excretion

ENVIRONMENTAL FACTORS
gender, age, alcohol, weight, diet, smoking, drugs, chemical exposures,
medical practice

Figure 2. Variability in drug response: a genetics and environmental interplay.

All these factors interact to make prediction of individual response
challenging. In many cases the mechanism of action of drugs and the signalling
pathways involved in eliciting the therapeutic response are poorly understood. In
addition, heterogeneous patient populations, composed of a number of different
symptom clusters, are often treated as though they are one homogenous group.
Currently there is no established test or “marker” that can assist the physician in
guiding drug choice, although a large amount of research is currently being
focused in this area. For example, a number of large clinical trials, sponsored by
the NIMH (National Institute of Mental Health), are on-going, which aim to
provide data derived from investigating response to drugs across mechanistic
classes, and use this knowledge to develop treatment strategies to help guide
treatment choice (Rush et al. 2003; CATIE, 2003).
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The expectation, backed up by a growing body of scientific evidence, is that
genetics and pharmacogenetics have the potential to dissect out the specific
disease phenotypes that contribute to this currently symptom-based disease
classification. This in turn would help identify more homogenous patient groups
or sub-classifications to which drugs with specific mechanisms can be
prescribed, thus offering the potential of greater therapeutic benefit (Goldstein
et al.; Kirchheiner et al. 2004; Malhotra et al. 2004). There is often considerable
variation in the frequency of these genetic variants between ethnic groups, and
in addition the function of the variant may be modulated by its genetic
background. The latter may help explain the apparently different functional
effects reported for the long (/)/short (s) allele in the serotonin promoter gene
observed between Caucasians and Asians; in Caucasians the / allele is associated
with an increased probability of response to SSRIs versus s allele, whereas in
Asians the association is reversed, with the s allele reported to be associated
with improved response. The wuse, therefore, of a population with
a mixture of ethnic backgrounds may confound the ability to determine an
association and the functional significance of a given genetic variant (Ingelman-
Sundberg M. 2004). Careful assessment of ethnic background, and incorporating
this information in genetic analysis is therefore, critical in pharmacogenetic
studies to avoid ethnic confounding effects (i.e., stratification bias). It is also
important to remember that although pharmacogenetics will provide just one,
and it is believed, a very important piece of the “uncertainty” in drug response,
pharmacogenetics should be considered as one part of a bigger picture
contributing to drug response. The findings from disease genetic studies, and
clinical pharmacogenetic studies, together with information from other
biomarkers and neuroimaging studies, will all serve to increase our
understanding in this area and provide the knowledge base for moving its
application into the clinic (Evans et al. 1999; Frank et al. 2003)

The madness of King George serves as perhaps an extreme, but interesting,
example of how lack of understanding of the underlying disease mechanism can
result in therapeutic failure, and in this particular case, lead to considerably more
harm than good. For many years, the puzzle to understand the “madness” of
King George III remained unexplained until, in the 1970’s, a diagnosis of
porphyria was made. However, still unexplained was the reason for the severity
of the King’s attacks and why they started relatively late in his life. Only
recently was it shown that the attacks could have been triggered by a slow build
up of arsenic in the blood, as a result of the treatments prescribed to him by the
Royal physicians. As a result of their poor understanding of the disease and
mechanism of action of their medications, the arsenic treatment prescribed was
leading to an exacerbatiion of the king’s illness rather than alleviating it.

Ensuring that the most appropriate medication is administered to treat the
correct disease and underlying neurological mechanism is clearly central to
achieve a successful treatment outcome. However, dose selection can also
contribute to this picture of inconsistent response. The administration of a
“standard” dose across a patient population may lead to variation in the resultant
exposure as a result of genetic variants in the metabolic metabolising enzymes
and transporters resulting in altered enzyme expression and function. Many of
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the older anti-depressants and antipsychotics, for example, have a major
metabolic clearance dependency on the polymorphic cytochrome P450 (CYP)
isoenzyme CYP2D6 (Dahl et al. 2002) with other CYPs, such as CYP1A2 and
CYP3A4 also contributing to this inter-variability in terms of both exposure and
potential for drug interactions. All the major human drug-metabolising P450
enzymes have now been identified and cloned and the major gene variants
identified. (Updated information on variant alleles in human CYPs, frequency
and function can be found on the Human CYP allele Nomenclature Website,
http://www.imm.ki.se/cypalleles). This information now provides the basis for
using predictive pharmacogenetics markers to guide dose selection (Malhotra
et al. 2004; Ingelman-Sundberg, 2004).

The consequences of variability in drug exposure will be drug dependent
and determined by the benefit/risk ratio in terms of therapeutic benefit vs risk of
tolerability issues for the patient. The need for genotyping patients for CYP
genes prior to treatment is currently not required, although the label of many
drugs refers to the potential functional impact of CYP genotype. This is most
recently seen in the psychiatry field for the anti-depressant drug, Strattera
(atomoxetine) for which the lable includes detailed information on the increased
drug exposure observed in CYP2D6 poor metabolisers. Routine laboratory
testing is, however, not mandated. Testing individuals once in their life for the
major CYP genotypes involved in drug metabolism could be made in a similar
way to testing blood groups. The question of testing the approximately 20 major
P450 enzymes only or the whole group of P450 enzymes (more than 1.000 are
known) is more a question of technology and cost.

Traditionally pharmacogenetics has been viewed in terms of pharma-
codynamic and pharmacokinetic factors (Evans et al. 1999). However, it is perhaps
more relevant to view pharmacogenetics from the patient perspective; on the one
hand concerning the probability of achieving therapeutic benefit for their
symptoms and, on the other hand assessing the risk that they will experience
clinical significant adverse events. Variability in pharmacokinetics impacts both
these components of drug response profile.

Factors such as poor compliance undoubtedly also contribute to the
variation observed in drug response, but combinations of genetic variants in both
the pharmacokinetic and signalling, pharmacodynamic pathways should be
considered in assessing a patient’s response to a given drug and dose, and
included as part of prescribing decision making. Rather than single markers, it is
likely, however, that a panel of markers will be required to predict the
probability of efficacy and/or risk of side effects. The resultant response elicited
by a drug in an individual subject is, therefore, the result of a complex interplay
of many pathways consisting of intrinsic, mainly genetic, and extrinsic
environmental, factors. Poor response to a given drug can arise due to defects at
any point within this network of interactions (Figure 3).
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Poor
compliance

Mechanism of action
poorly understood

Heterogeneous
patients

Variable

tolerance

Therapeutic Failure

Figure 3. Reasons for therapeutic failure.

Such interplay presents a tough challenge for identifing predictive markers,
and current psychiatry research has mainly focused on an approach using
association studies and candidate genes based on the current understanding of
the etiology of the disorders. Advances in technology, the lower cost and
reduced time required to conduct such genetic analyses (for example with micro
arrays) provide the prospect of unbiased, hypothesis-free approaches for genetic
exploration and the identification of new markers, not predicted based on current
disease understanding. Current understanding is constrained by our still
relatively limited knowledge of the underlying neurobiology. The drugs
developed based on this understanding are now in the clinic, but still leave
considerable unmet need. Some new directions are needed. Genetics and
pharmacogenetics can provide much needed new sign-posts to move in novel
directions.

3. PHARMACOGENETICS IN CLINICAL RESEARCH AND DRUG
DEVELOPMENT

The belief that pharmacogenetics will make a significant contribution to
improving patient health care is widely held by both drug regulatory authorities
and government bodies. Furthermore, there is a growing body of data to support
the feasibility and reality of this view. This data is derived from research
conducted both by academic groups and also from clinical studies conducted by
pharmaceutical companies. Many of these findings are described in later
chapters of this book, but some examples also are given below.

The need for more disease understanding and greater clarity and
understanding of optimal patient drug treatment options is recognized by the
NIMH and currently incorporated as part of the NIMH Treatment Research
Initiative. This program includes 3 large “real-life” clinical trials studying the
effectiveness of drugs for unipolar depression (STAR*D: Sequence Treatment
Alternatives to Relieve Depression; http://www.edc.gsph.pitt.edu/stard), schizo-
phrenia (CATIE: Clinical Antipsychotic Trials of Intervention effectiveness;
www.catie.unc.edu) and bipolar disorder (STEP-BD: Systematic Treatment
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Enhancement Program for Bipolar Disorder; www.stepbd.org) (Rush et al. 2003;
CATIE, 2003). These clinical studies aim to determine the most appropriate
treatment strategies for patients with mood and psychotic disorders. The findings
from these studies have the potential to have a major impact on prescribing
recommendations for their respective indication. The first data from the
STAR*D program is expected in the next 2-3 years. All studies are collecting
blood for DNA analysis and investigation of genetic markers. Within Europe, a
number of additional large studies are being conducted that aim both to
understand the aetiology of depression as well as identifying predictors of drug
response; for example the GENDEP and NEWMOOD studies. The findings
from these studies will serve to build our knowledge and provide data to better
understand the role of pharmacogenetics and how to apply this as part of
treatment strategies across the spectrum of psychiatry disorders, including mood
disorders, psychosis, substance abuse and dementia.

From the Regulatory side, the FDA in North America (http://www.fda.-
gov/cder/guidance/ 5900dft.doc) and other regulatory bodies, including the
MHLW in Japan, have published draft guidelines (for example the FDA’s VDGS:
Voluntary Data Submission Guidelines) to provide guidance to pharmaceutical
companies on how pharmacogenetic data will be used as part of regulatory
decisions and to encourage the inclusion of pharmacogenetic data as part of drug
development. It should be noted that such pharmacogenetic data may be used to
support more efficient and successful clinical development strategies, without
necessarily resulting in label restrictions based on genotype. Rather, data can be
applied to ensure that novel, more effective medicines reach the patient as
quickly as possible (Roses 2004). An example of this for psychiatry is the use of
pharmacogenetics to dissect out placebo response, or perhaps more correctly,
non-specific drug response, a major confounder in clinical studies not only for
depression and anxiety, but also for other psychiatry disorders (Macedo et al.
2003). A number of studies now report an association between the common
functional 44-base-pair insertion/deletion polymorphism in the promoter region of
the serotonin gene transporter and both SSRI response and also placebo response
(Smits et al. 2004; Smeraldi et al. 1998). The long (/) allele results in a gene
with approximately twice the transcriptional efficiencies of the short (s) allele,
and a consequent approximately 50% difference in serotonin uptake. Such data
offers the potential to enrol subjects into clinical studies that will have a reduced
placebo response and thus increase the opportunity to determine a placebo-drug
treatment separation and to detect a more robust efficacy response signal for the
investigational compound. Prospective studies and studies investigating the role
of this variant across different mechanism classes is required, however, to more
fully evaluate these initial findings.

4. PHARMACOGENETICS: TOOLS OF THE TRADE

If pharmacogenetics is a relevant science and tool for psychiatry, this
implies that the psychotropic drug response has to be, at least in part, heritable
(heritability being significantly above 0). Studies devoted to the heritability
assessment in psychotropic response are, however, uncommon. This is probably
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explained by the difficulty of such approach. For example, when using twin or
family based studies to assess the heritability of a certain side-effect to a
psychotropic drug, a large set of monozygotic and dizygotic twins or family
members should both have the disease and also be treated by the same drug and
for approximately the same period. Accordingly, the vast majority of these
studies looking at heritability are based on aggregation studies, and conducted
for the most frequent psychiatry disorder of major depressive disorder. In one
study (Angst 1964) 38 out of 41 pairs (92,7%) of siblings were concordant for
tricyclic response and the whole set of 12 depressed sibpairs were concordant
(100%) for antidepressant response in another sample (Pare et al. 1962). In two
independent samples of affected sibpairs, 10 out 12 were concordant (Pare et al.
1971), and 67% of the relative pairs were concordant for antidepressant
response, a frequency only just above the one expected by chance, i.e. 50%
(Franchini et al. 1998). Using a multiplex family, a further study showed that the
four members of the same family were all resistant to classic antidepressants,
and all sensitive to a monoamine oxidase inhibitor (O'Reilly etal. 1994).
Studies devoted to antipsychotics are even less common. The few studies that
have been performed are also concordant, in favour of a family and/or genetic
component to treatment response. Two case reports of monozygotic twin pairs
with schizophrenia were concordant for new antipsychotics after prior resistance
to neuroleptics (Vojvoda et al. 1996; Mata et al. 2001). The only family study
that did not find any evidence for familial aggregation of antipsychotic response,
was a set of 28 schizophrenic sibling pairs (DeLisi et al. 1989). Family and twin
studies, more specifically devoted to the heritability estimation are, however,
required to more clearly dissect out the genetic component to drug response and
the extent to which it contributes to the variance in response observed.

At a biological level, pharmacogenetics consists of associating a genetic
variant or polymorphism with a specific drug response (either side effects or
level of efficacy). If the drug response has a 100% of heritability, assuming no
genetic heterogeneity, the genetic analysis will give a 100% confidence as to
whether a patient will response or not respond to a specific treatment. However,
this implies that the drug response is homogenous, without incomplete
penetrance and cases of phenocopy (i.e., all patients having a specific drug
response have the involved gene(s), and all subjects having the involved gene(s)
have the specific drug response). This is rarely the case and in addition, the
given treatment also needs to be identical, not only with respect to dose and
patient compliance, but also concerning presence of co-prescribed treatments
(which may competitively use the same enzymes for metabolism), food intake
(for example, grapefruit and grapefruit juice which inhibit CYP3A4 enzyme
activity), and have the same ethnic origins (anonymous SNPs variations are
more likely to reflect ethnic specificities rather than genetic variations for a side-
effect susceptibility). These different points serve to highlight the complexity of
pharmacogenetics, and why the data provides probabilities and susceptibility
rather than absolute certainties. Results are therefore usually reported as an Odds
Ratio describing the probability that a patient carrying a certain allele will
respond well to a given drug compared to a patient who does not have the allele,
or if assessing safety risk, the likely increased risk or probability that the patient
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with a certain allele will experience an adverse event as a result of taking a given
medication.

Also contributing to this notion of pharmacogenetics not being an “exact
science” is the absence of internal validity of the phenotypes on which
pharmacogenetics is based in psychiatry. It is widely acknowledged that current
psychiatry classification, mainly based on symptoms, results in heterogeneous
patient populations with differing underlying disease mechanisms, but with the
same disease classification. With the aim of identifying more homogenous
phenotypes Ming Tsuang et al. (1993) proposed a “psychiatric genetic nosology”
that classifies individuals to correspond to distinct genetic entities. This could be
extended to include information gained from pharmacogenetics and a classifi-
cation taking into account response to different drug mechanisms, most likely
reflecting different underlying disease pathways. Difficulties in identifying
homogeneous phenotypes can also be associated with the limitations of existing
assessment methods that do not cover a variety of diagnostic classifications
systems, ignore differential diagnosis and co morbidity, or omit an array of
items suitable for providing broad descriptions of phenotypic subtypes. It is thus
important to measure items such as recurrence or persistence of symptoms,
impairment or incapacitation due to symptoms, and age of symptom onset and
offset that may contribute to variability of the phenotype (Gorwood 2003). One
way to cope with such uncontrolled phenotypic heterogeneity, is to conduct
pharmacogenetic studies in as homogenous a population as possible, by ensuring
subjects have an equivalent background for at least three different features.
Firstly, they should have the same ethnic background, reducing the risk of
stratification bias. Secondly, they should have the same type of disorder, not
only according to diagnostic criteria but also regarding length, severity and core
characteristics of the diagnosis. Thirdly, it is important to control, as much as
possible, for pharmacological confounding factors, including dose, associated co-
prescription, smoking and food intake. These latter, environmental factors, may
be independent of genetic factors, although gene-environment interaction must
be considered.

An example highlighting the impact of a more appropriate assessment of
the involved phenotype, is the role of the dopamine receptor D3 gene in
schizophrenia. The DRD3 gene was initially reported to be involved in the
susceptibility to schizophrenia (Dubertret et al. 1998), but many inconsistent
findings were reported. When focusing on one particular side-effect observed in
treated schizophrenia patients, the association was in fact attributed to tardive
dyskinesia (Spiclman et al. 1998).

In both psychiatric disease genetic and pharmacogenetic studies, better
designed protocols may help to reduce heterogeneity and increase the chance
to detect genes with a significant effect. With reference to pharmacogenetic
studies, some issues to consider include: the use of prospective rather than
retrospective designs, more precise phenotype assessments and measurement of
disease endophenotypes, avoiding admixture of samples with various ethnic
background, and accounting for potential Gene x Environment interactions
within the data analysis.
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Two epidemiological genetic approaches are often used in human studies to
identify genes associated with disease and drug response, the S-TDT (Sib
Transmission Disequilibrium Test) (Spielman et al. 1998) and the QTL (Quantita-
tive Trait Loci, Allison 1997) based analysis. The S-TDT involves recruiting an
affected proband and an exposed, but unaffected sib. For pharmacogenetics, such
an approach is easier, since the frequency of positive familial history for one
psychiatric disorder is frequently high (see Table I) and the chance that the
relative has also been treated by the same drug (or at least a drug from the same
mechanistic class) is also relatively high. Statistical analysis then involves
comparing two related subjects discrepant for the phenotype, and testing to see if
this phenotypical discrepancy is in accordance with a genotypical discrepancy,
i.e. sharing of 0, 1 or 2 alleles with a distribution that is not the one observed by
chance only (which is, by definition, 25%, 50% and 25%). This technique has
the advantage of being protected from the stratification bias (especially when
parents are available to provide a DNA sample), and being closer to a pure
genetic approach (as family-based). The QTL based analyses compares with the
S-TDT by recruiting and taking DNA samples from a series of probands and
their two parents. The phenotype is not classified as having or not having a
certain diagnostic criteria, but rather determines at a dimensional level, a certain
quantitative trait. For complex traits, a quantitative approach may be more
relevant than the more classic categorical classifications. For example, reduction
in the MADRS rating after 4 weeks of antidepressant therapy, blood-level of
Clozapine or lithium for a certain dosage of treatment, specific weight gain
following antipsychotic treatment, or the impact of psychotropic drugs on QT
intervals in the ECG'. With this approach, the patients who possess a given allele
are compared with patients who do not. Regression analysis is then applied
based on the assumption that if the allele is significantly involved in the studied
trait, then the transmission of this allele should be associated with a difference
from the average (lower or higher) of this trait.

At a more logistical level, methods for collecting DNA samples have also
significantly improved the ability to conduct clinical genetic studies. Blood
samples are still the gold standard for high quality DNA extraction, but
collecting DNA from buccal swabs (Thomson et al. 1992), mouth wash (Lum
et al. 1998) or even saliva (Irwin et al. 1996) are now often used, particularly for
paediatric studies or large studies involving sites with limited blood collection
facilities. These techniques give less DNA per sample, but samples are easier to
handle and may be more appropriate for the given study population and study
site or country. For example, a buccal-cell collection or buccal swab, does not
require an immediate extraction, or other sample treatment such as freezing after
collection, and may thus be stored until all samples have been collected and
samples can then be shipped in one batch to the chosen extraction laboratory. A
buccal swab may also be performed by the patient themselves or their relative
and can be performed unsupervised at home without the need to attend the study
site. The sample can then be posted to the investigator. Furthermore, the ease of
collection contributes to lower sampling costs. Finally, large amounts of DNA
can be obtained from these buccal-cell collections using the rapidly developing
technique of non-specific amplification (Zhang et al. 1992). However, blood
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samples remain the sample type of choice when study collection conditions, site
and type of patient make this feasible.

The discovery of genes involved in other types of complex diseases, such as
Crohn’s disease (Hugot et al. 2001) or osteoporosis (Balemans et al. 2001) have
shown that high complexity of the disorder, presence of moderate heritability, or
the existence of phenotypical heterogeneity, should not be considered as factors
incompatible with the use of genetics. Advances in both the technology for
genotyping and bio analysis tools for analysis of the large amounts of data
generated, are now contributing to the unravelling the complexities involved in
the genetic analyses of psychiatry complex disorders and phenotypes. No
psychiatric disorder has a 100% heritability, and no segregation analysis has
shown that even a subgroup of families have a Mendelien inheritance.
Psychiatric disorder do, however, show a high heritability (for example autism).
Even so, many genes are likely to be involved, and even a larger number of
interactions possible (Risch et al. 1999).

4.1. Coping with heterogeneity

As each individual genes involved may have only a moderate effect, large
sample numbers are generally required to have the confidence to detect a
significant effect. On the other hand, new analysis tools are now providing the
ability to achieve an increase in statistical power and the ability to take into
account disease heterogeneity. Such methods include the shift from parametric
to non-parametric linkage studies, from linkage to sibpair analyses, and from
siblings to case-control approaches. Although these approaches reduce the
specificity of findings, on the more positive side, they also increase the chance
of detecting genes with moderate impact (Risch et al. 1996). More sensitive
methods are less specific, and thus more exposed to phenotypical heterogeneity.
It is, therefore, important to compare the results of different studies, but ensuring
that the between-sample heterogeneity is taken into account. Such meta-analyses
are regularly used in psychiatric genetics, and could help to gain power in
detecting the role of genes with relatively low, albeit important, contributions to
the variance observed in response to psychotropic drugs. The Woolf method is
an analysis frequently used (Woolf et al. 1955) and allows the calculation of
total %2 (representing the sum of the %2 of each study), gives a %2 estimating the
heterogeneity between samples, and evaluates the specific y2 (i.e., the 2
considering all case-control studies, but excluding the part due to heterogeneity).
Meta-analyses are also exposed to some methodological problems but are a
particularly appropriate method of analysis for case-control studies, in addition
to linkage studies (Gorwood 1999). For example, results from the meta-analysis
of the different association studies performed on the role of the short allele of
the 5-HTT gene (SLC6A4 gene) in suicidal attempts provided the most
convincing arguments for the role of this gene in suicidal acts (Anguelova et al.
2003). A similar approach provided the evidence for the role of the DRD3 gene
in tardive dyskinesia (Lerer et al. 2002).

It is also possible to face the difficulty of heterogeneity of the disease and
population admixture by restricting the analysis to homogenous and recent
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populations with founder effects. For example, the medical health care system in
Iceland has provided a very large database on subject medical and genealogical
information, which has provided researchers with not only medical history
information, but also detailed family history. This latter information, not often
available, dramatically increases the specificity of the findings and helps to
reduce heterogeneity. The identification of a locus involved in asthma
(Hakonarson et al. 2002) was, for example, based on such approach. Sometimes
however, alleles have a clearly defined functional impact that over-shadows
ethnic heterogeneity. A good example of this is seen for the drug metabolizing
enzyme TPMT (thiopurine methyltransferase). Deficient patients carry one of
three alleles (G238C, G460A and A719G). These have different frequencies
according to their ethnic origins but with the same impact, namley to increase
the risk of developing haematopoietic toxicity when subjects with these alleles
are treated with conventional doses of thiopurines (Lennard et al. 1989).

4.2. Which genetic markers to use

With an average of one SNP every 1 kB (1,000 nucleotides), there are
around 1.8 million publicly available SNPs (http://snp.cshl.org). Two individuals
differ on average by 1.4 to 1.5 million base pairs (Sachidanandam et al. 2001)
whatever their phenotype. This makes choosing the appropriate SNP to analyse
for any given gene challenging. Many of these SNPS have no direct functional
consequence on the transcribed protein, although they may be in linkage
disequilibrium with other SNPs that do. SNPs for analysis are often chosen
because they are highly polymorphic and of reasonably high frequency, usually
above 5%. There are a number of approaches taken to select SNPs for
genotyping and the approach taken will depend to a large extent on the
experimental question being asked, number of genes of interest and number of
samples, and hence study power. One may, for example, have a very specific
hypothesis to test regarding the role of a given gene in predicting a given drug
response. In this case, applying dense SNP mapping across a small number of
genes, selected based on prior information as being important, may be most
appropriate. In contrast, if one wishes to explore a larger gene list for hypothesis
making and identification of a more restricted number of genes of interest to test
in further studies, less dense mapping may be selected, but ensuring
representative coverage across the gene. Haplotype information will also help to
inform SNP selection, so that where two or more SNPs are in linkage
disequilibrium, only one of these need be genotyped.

Because of our limited understanding of mechanism of action of most
psychiatry drugs, taking a hypothesis-driven, candidate gene approach, based on
current knowledge has the limitation of findings being limited to the currently
known pathways and mechanisms. In contrast, a genome scan has the greater
potential to identify hitherto unknown susceptibility genes for pharmacological
response such as an adverse event, and broaden our understanding on drug
mechanism of action. At a practical level, 70,000 putative anticancer agents
have been tested for 8,000 genes in the National Cancer Institute panel of 60
human cancer cell lines (Shedden 2003). For psychiatry, focusing on a prioritised
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set of SNP markers (whether because they are located in candidate genes or
because they are informative makers of different regions of the genome) is
preferable for the investigation of psychiatric treatments where few tissues are
available (brain tissues not being easily obtained). An alternative approach, apart
from sequencing large, more or less anonymous, parts of the genome, consists of
focusing on panels of SNPs targeting genes with specific roles, for example
genes implicated in drug absorption, distribution, metabolism and extraction
(Ambrose 2002) or genes thought to be involved in the pathways of monoamine
transmission. This strategy is frequently explained by economic reasons and/or
availability of technical facilities.

The use of blocks of SNPs, i.e. haplotype, could offer an interesting
alternative, which can more practically be applied at the present time and
considerably reduce the number of SNPs required for a whole genome analysis,
as well as for a candidate gene approach. Patil et al. (2001) reported that merely
4,563 of the original 24,047 SNPs were needed (19%) to capture 80% of
haplotypic variation of human chromosome 21. This approach has been applied
by Genaissance using the HAP™Array, to investigate susceptibility genes
associated with agranulocytosis in patients treated by Clozapine (Oestreicher,
2002). Analysis of genetic data at the level of haplotypes provides both increased
accuracy and power to infer genotype-phenotype correlations and evolutionary
history of a locus. There are many leading methods of computational haplotype
inference, such as PL-EM (Qin et al. 2002), Phase (Stephens et al. 2003),
SNPHAP (Sham et al. 2004) and Haplotyper (Niu et al. 2002) that will be
important to include as part of such pharmacogenetic sample analyses.

Another advantage of using haplotypes is the ability to capture rare SNPs.
The hypothesis of “common-disease/common-variant” is often put forward for
complex disorders, including psychiatry (Lander 1996; Collins 1997). SNP
selection is frequently focused on the most common SNPs with less frequent and
rare SNPs often not being analysed. However, the participation of rare alleles
with major genetic effects (i.e. loss of protein function) may be important and
provide valuable information and understanding. For example, BRCA1 and
BRCA2 genes explain breast cancer in some families but are not associated with
breast cancer in the global population (Domchek et al. 2003). In this regard, rare
alleles should not be ignored since rare mutations (particular in the genes coding
for drug targets) may provide unique insights into novel approaches to treat
patients with common disorders (Pettipher et al. 2002). Analysing haplotypes
should help increase the chance to detect blocks that contain a rare SNP
involved in the disorder or drug response, whereas limiting the analysis to
common polymorphic SNPs would have a higher probability of missing any
association and therefore, not detecting an effect.

Haplotype analysis also provides the opportunity to detect yet unknown
functional SNPs. For example, the Cys23Ser (C68G) was the main SNP tested in
the 5-HT,c gene in genetic studies of obesity and also pharmacogenetics studies of
anti-psychotic-induced weight gain. This SNP was not found to be associated with
obesity (Lentes et al. 1997), nor clozapine-induced weight gain (Basile et al.
2001). Several haplotypes for the promoter region of the 5-HT,¢ receptor gene
have now been described and further haplotype analysis has identified a specific
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haplotype associated with the anti-psychotic-induced weight gain. This association
has been attributed to a new T-759C SNP that has a protective effect against
pharmacologically induced weight-gain (Reynolds et al. 2002).

4.3. What genotyping methods to choose

The introduction of arrays for the simultaneous assessment of multiple
genes is the source of a major development for genetic analysis. The improve-
ment in robotics and fluid physics is such that up to 64,000 gene clones can be
evaluated on a single slide. Analysis of 1,000 to 5,000 genotypes per day is
routine in many pharmacogenomic laboratories, with automated multiplex
assays extending this to 100,000 genotypes per day. These developments
generate large amounts of data in a single experiment, much more than can
generally be evaluated using common statistics. Software has thus been
developed that not only captures the experimental data, but also allows for the
comparison of results with existing genome databases and for the generation of
dendrograms for sequence homology. This method provides pattern recognition
to enable genes to be collated into similar groups or patterns of expression
(McLeod et al. 2001).

Recent technical developments thus give the ability to test, with a one-shot
assay, hundreds of thousands of common SNPs providing a good coverage
across the human genome. Indeed, the number of SNPs currently estimated to be
required for successful whole-genome studies, not relying on haplotype blocks,
range from between 60,000 and 600,000 (Zwick 2002). To support this scale of
genotyping, the development of high-throughput genotyping assay approaches
should have a major impact in psychopharmacogenetics and generating pharmaco-
genetic data from psychiatry clinical studies. Examples of such assays include
allele-specific hybridisation, primer extension, oligonucleotide ligation and
cleavage of a flap probe (Kwok 2000).

4.4. Facing the risk of false-positive and false-negative results

A problem shared by both psychiatric disease genetics and pharmaco-
genetics is the problem of false positive findings, and in many cases, non-
replication of an initial association. This problem is difficult to avoid since the
majority of genes involved in the susceptibility to major psychiatric disorders or
contributing to variance in drug response, will only moderately increase the risk
or modulate response; genotypical relative risk (GRR) is generally between
1.5 and 3 to 4. Taking into account the phenotypic heterogeneity of psychiatric
disorders, and making the hypothesis that approximately half of the 30,000
genes of the genome could be considered as candidate genes in pharma-
cogenetics (since half are expressed in the brain), non-replications and a high
false-positive rate, are not only possible but expected (when based on different
independent sample sets). One possible way to deal with this problem is to
increase the threshold of positive finding (for example, reducing the p-value, as
when applying the Bonferonni correction). This, however, then results in
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increasing the risk of false negative findings. In pharmacogenetics, many
findings will be further contradicted in large samples with a better homogeneity.

Using larger sample sets, taking steps to reduce sample heterogeneity,
coupled with the progress in both genotype and statistical methods may, it is
hoped, progressively reduce these problems. Stratification bias, for example,
which is frequently a confounding factor in case-control studies, can be
assessed, and even controlled for, with the genomic control technique (Pritchard
et al. 1999). The assumptions made with this method is that study groups
(patients versus controls) are assessed for allele frequency of highly
polymorphic markers that are unlinked to the analysed phenotype. Forty
unlinked markers are reported to be necessary to achieve a 95% probability of
detecting stratification in study group of over 200 subjects. When stratification
is detected, subjects can be excluded until stratification is no longer present, or
correction factors can be proposed to account for the level of between-groups
stratification (Devlin et al. 1999).

4.5. From genomics to proteomics

An integrated pathway approach, i.e. investigating response at the level of
both the genome and proteome, provide the opportunity to put genetic findings
into biological context and give a more comprehensive picture of neuron
function and pathology (Haab 2001; Gmuender 2002; Guzey et al. 2002). One
obvious consideration for biomarker and proteomic research in psychiatry is
access to relevant tissues, and whether information obtained from the most
readily available tissues, namely blood or skin tissue samples, is relevant for
what is happening in the brain. Further work may provide greater understanding
to answer this latter question.

It has to be remembered, however, that there are more than 100,000 proteins
in the human body and most, if not all, act on a variety of biological process.
The proteomic approach is thus exposed to even greater complexity than
genomics. Identifying proteins and their functions using genomic information,
i.e. proteomics, presents the potential opportunity for more rapid identification
of new biomarkers (Ledley 1999) that can in turn, act as a guide to find,
evaluate, and support validation of genes and biomarker gene products for target
diseases (Collburn 2003). This complimentary approach of genomics and
proteomics in psychiatric genetics should also happen in pharmacogenetics.

The SSH (suppression subtractive hybridisation) technique, for example,
has helped to identify new genes of interest, an important step before the
identification of novel therapeutic targets. In this technique cDNA is generated
from mRNA extracted from two types of tissues or cells, one tissue being
collected from affected patients, and the other from healthy controls. For
example, a group analysed genes induced by BRCAI1 (an already known
vulnerability gene in breast cancer) in order to find other potentially involved
genes. The study thus compared control breast carcinoma cells (driver) with
cells ectopically expressing BRCALI (tester), and found that a new set of 30
genes might be involved in the risk of breast cancer (Atalay et al. 2002).
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Other related techniques are also available that may have specific advantages
for psychopharmacogenomics. These include differential hybridisation, sub-
traction cDNA libraries (Hedrick et al. 1984), mRNA differential display (Liang et
al. 1992), serial analysis of gene expression (SAGE) (Velculescu et al. 1995) and
microarrays for gene profiling (Schena et al. 1998).

Although these techniques are easier to apply for diseases with clear-cut
lesions, such as ischemia following focal stroke (Wang et al. 2000), their
potential interest and application in many psychiatric disorders is important now
that large collections of brains from patients who have died are being made in
different countries. These will provide samples for applying these techniques.
Other developments in proteomics may be of considerable value in the
development of new pharmaceutical targets through pharmacogenomics. Gene
expression arrays are used to define the mechanism of action for new
compounds, or to screen for direct influence of an agent on a specific pathway.
Some new techniques may be specifically relevant for psychopharmacogenomics.
For example, voxelation, using high-throughput analyses of spatially registered
voxels harvested from the brain followed by three dimensions reconstruction, is
performed before a Gene Expression Tomography (GET) which employs
analyses of sets of parallel slices obtained from the brain by progressive rotation
about multiple independent axes (Singh et al. 2003). Tomographic image
reconstruction can then be employed for reconstructtion of gene expression
patterns. This has been elegantly done for Alzheimer disease (Brown et al.
2002). Looking at the genes that are the most strongly differentially expressed
between human brains from normal controls compared to patients with autism or
schizophrenia, for example, could help to identify currently unknown genes.
Such powerful techniques must, however, as for all scientific clinical research,
be developed whilst paying close attention to the associated ethical, social and
legal aspects.

5. PHARMACOGENETICS AND ETHICAL CONSIDERATIONS

Medical ethics supports the application of advances in science to progress
medicine to the greater benefit of the patient and improving healthcare.
However, as is the case with many scientific advances, for both pharmaco-
genetics and disease genetic research, there are two perceived sides of the coin;
on the one-hand is the offer of great potential to enhance human health care, but
on the other hand, there are fears for the misuse of information and the potential
risk of discrimination, for example for employment and health insurance
(Nuffield Council, 2003; Buchanan et al. 2002). For genetic research within
clinical drug development, ethical considerations have largely focused on the
possibility of using a genetic test to identify the most effective drug for a patient
in terms risk:benefit i.e., risk of adverse events versus therapeutic benefit. A
growing number of guidelines, advisory groups and white papers have been
issued by groups across the Unitied States, Europe and Asia on this topic. The
question as to if or how genetic information differs from other medical
information is still debated. However, all clinical and medical patient
information carries information of importance to a patient’s health status and
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often provides some prediction of future patient health and risk of disease e.g.,
cholesterol level and risk of heart disease. All such information, not just genetic
information, must be handled with sensitive and steps taken to ensure
confidentiality. A detailed review of these issues is provided in the recent
report of the Nuffield Council of Bioethics (http://www.nuffieldbioethics.org/
pharmacogenetics/ latestnews.asp) (Melzer et al. 2003).

There are, however, some specific ethical considerations for psychiatry
clinical studies, where there may be particular concerns from patients who are
depressed or delusional. As a result fully informed consent may be more difficult
to ensure and patients themselves may be more anxious and have heightened
concerns and worries regarding their DNA being sampled and the generation of
genetic information on themselves. They may also imagine exaggerated, often
unrealistic, uses to which their sample may be used, for example used to clone
another individual like themselves. In conducting psychiatry related pharmaco-
genetic research, as for all clinical research, it is therefore essential to have
appropriate fully informed consent before any DNA is taken from an individual.
All analyses conducted and the use to which the data is put must be governed by
this consent under which the sample was collected. The challenge of ensuring
informed consent must lie with the principal study investigator to answer any
questions or concerns the patient may have and to ensure the patient clearly
understands the nature of the research, future benefits for healthcare as well as
potential risks.

Public opinion is likely to play an important role in the acceptability of
genetic tests and also in directing both how and when pharmacogenetic know-
ledge becomes integrated into health care provision. Education as to what
genetics and pharmacogenetics is, and importantly also what it is not, is essential
to allay fears of the general population, and to enable individuals to understand
both the benefits and risks. In this respect, pharmacogenetics is again no
different to any other new scientific advance in medicine. Who is responsible for
ensuring this occurs? There are many web-sites that provide educational
material for individuals who are interested and proactive in searching for it, but
for educating the broader patient population, the responsibility of education must
be shared between those forming health-care policy and delivery. These include
the physician and clinical researcher, and pharmaceutical companies.

Indeed, the prediction for the future is that a secure, patient-specific
database will be established, once and only once, for each person. This would be
available to authorized healthcare providers for the selection of optimal therapy
for prevention of diseases and selection of the most appropriate medications.
With more recent progress, previous technologies which were limited in their
use due to high cost, are now much more affordable and hence more freely
available to researchers. It is hoped that so called “patient gene identifications”
or “genetic cards” will one day be affordable by the vast majority of patients,
wherever they live, with the caveat that appropriate informed consent for use of
this information is given. How long this might be is difficult to predict but
potentially within the next 10 years.
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6. PHARMACOGENETICS: MOVING FROM RESEARCH TO THE
CLINIC

As this chapter has described, the field of pharmacogenetics is a rapidly
evolving science, which heralds great promise for improving patient healthcare.
However, to date, little of this new research is finding its way to the physician’s
office. So what is stopping these new scientific advances moving routinely into
the clinic?

With a few exceptions, the current level of knowledge of efficacy
pharmacogenetics in psychiatry is still in the exploratory stage, with as yet no
robust results for genes predicting efficacy. However, some findings are
replicating in independent sample sets and promising leads are developing, for
example the serotonin gene promoter gene and SSRI response, dopamine D3
receptor gene and risk of anti-psychotic induced tardive dyskinesia. Many of
these are presented within the following chapters of this book. Understanding of
the impact of allelic variance on pharmacokinetic parameters can perhaps be
considered to represent our current, most advanced state of pharmacogenetic
knowledge. An example of this was recently seen in the approval of atomoxetine
(Strattera; Eli Lilly), approved by the FDA in November 2002 for attention-
defeceit/hyperreactive disorder. This drug is metabolised by CYP2D6 with the
ratio (PM/EM) for an area under the curve (AUC) of ~10. Lilly conducted a
post-facto stratification to determine the impact of genotype on adverse events
risk. This analysis found the AUC to be increased in PM by 3% (EM, 6%; PM
9% for the main adverse events of insomnia and irritability). The FDA, however,
stopped short of mandating a test for prescribing, since the benefit/risk for the
drug was considered to be acceptable in the unselected patient group (Lesko &
Woodstock 2002). However, genotype data was required to be available, along
with other data, in the label to help guide physicians in their dose adjustments.
In fact, information on CYP2D6 genotype is mentioned 7 times in label for
atomoxetine. Tests for CYP2D6 alleles are widely available in CLIA labo-
ratories. Furthermore, in the Unitied States, the FDA (Federal Drug Agency ) as
recently approved a genomic test to assess both CYP2D6 and CYP2C19, the
AmplicChip CYP450 genomic test, developed by Roche Diagnostics). These
two cytochrome P450 iso-enzymes play a role in the metabolism of ~25% of all
prescription drugs and are of particular relevance for psychiatry where many of
the drugs have a major contribution to their metabolism by CYP2D6, including
risperdal, Haldo, Paxil, effexor and tricyclic antidepressants.

Also currently lacking is evidence from prospective clinical studies to more
fully determine the impact of using genotype as part of prescribing algorithms
on the benefit/risk outcome of drug response. Studies to date largely report on
retrospective analyses. Such prospective studies are now underway, for example
investigating the impact of CYP2C9 on warfarin treatment outcome. The
outcome and reporting of these studies will provide critical data to help guide
both regulatory authorities in their decisions on label requirements and
physicians on how pharmacogenetic knowledge can best be used to more fully
inform drug treatment and dosing decisions.
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It is anticipated that regulatory authorities will increasingly expect to see
this type of application of scientific advances, such as pharmacogenetics, being
employed in the assessment of new medicines. The FDA Critical Path White
paper, issued 14 March 2004 entitled “Innovation or stagnation? Challenge &
opportunity on the critical path to new medical products” (http://fda.gov/oc/-
iniatives/criticalpath/whitepaper.html), sets out this vision and expectation for
clinical drug development. Regulatory authorities are under increasing public
opinion scrutiny to understand safety risk, particularly in the wake of the recent
voluntary withdrawal of the widely used pain-killer and anti-inflammatory
inhibitor drug, Vioxx (rofecoxib) by Merck in September 2004 due to
cardiovascular risk concerns. Pharmacogenetics is about assessing individuals
and must be a core component of the strategy to explore safety signals of clinical
concern observed in patients following drug administration. Regulatory authorities
are likely to be a key driving force in bringing pharmacogenetic data to the
clinic and its inclusion as part of treatment decisions. Pharmaceutical companies
and clinical researchers alike need, therefore, to be applying genetic
technologies to obtain robust data-sets, to build and share knowledge in this area
and to apply this knowledge to enhance our understanding of the clinical safety
and efficacy of psychiatry medicines.

In addition, patients themselves, their relatives and carers are predicted to
play key roles in seeing pharmacogenetics, along with other advances in
scientific knowledge, come to bear in guiding their drug treatment choices.
Availability of information through the internet has resulted in patients and
carers becoming increasingly more informed about the drug choices available to
them and the latest research for their specific disorder. They seek to understand
and gain more knowledge on the drugs they are given, particularly regarding
potential safety risks and expect to be see these scientific advances being applied
to their benefit and to improve their health care.

So in a time of increasing patient demand for information, increasing
regulatory pressure for more detailed drug evaluation, coupled to economic
constraints on health care budgets, pharmacogenetics holds great promise for
playing a central role in guiding provision of health care and as standard
information available to physicians. It is anticipated that the ever enquiring
minds of physicians and clinical researchers, and their search to understand the
complexities of psychiatric illness and patients’ drug response will, over the next
3-5 years, begin to move the field of psychopharmacogenetics from the
exploratory stage to one in which robust data-sets are available that can provide
new knowledge to incorporate into prescribing algorithms. It will be this triad of
physician, patient and regulator that are predicted to be key players in driving
this new science into the clinic. Ultimately, it will be patients who will benefit,
not only from the identification of new and novel psychiatry drugs, but also
physicians will be equipped with greater ability to make more informed,
evidence-based decisions to prescribe patients the most effective drug choices,
providing therapeutic benefit, whilst minimising potential safety risks.
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2. GENETICS OF ANXIETY AND
RELATED DISORDERS:

Implications for Pharmacogenetics

Klaus-Peter Lesch”

1. INTRODUCTION

Treatment response to antidepressant, anxiolytic, and antipsychotic drugs is
influenced by genetic factors and depends on the structure or functional
expression of gene products. While treatment response is believed to involve
both genetic and environmental factors, the contribution of an individual gene to
drug response is likely to be modest. However, interactions between different
genes may result in a dramatic modification of drug response (additive,
nonadditive or multiplicative gene effects). The challenge faced by research into
the genetic basis of psychopharmacological drug responses is to identify genes
of relative small effect against a background of substantial genetic and
environmental variation.

Emotionality, cognition, and motor functions as well as circadian and
neuroendocrine rhythms including food intake, sleep and reproductive activity
are both modulated by the brainstem raphe serotonin (5HT) system, and
distinctively altered in anxiety spectrum and mood disorders. While SHT
controls a highly complex system of neural communication mediated by
multiple pre- and postsynaptic SHT receptor subtypes including the serotonin
1A receptor (SHT,,), high-affinity SHT transport into the presynaptic neuron
and thus maintenance of the SHT pool available for subsequent release is
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mediated by a unique protein (the SHT transporter, SHTT, SERT, SLC6A4),
which is regarded as the initial sites of action of antidepressant/anxiolytics drugs
and several potentially neurotoxic compounds, such as MDMA (“ecstasy”).
Serotonergic antidepressants/anxiolytics, such as prototypical tricyclic clomi-
pramine, and the selective SHT uptake inhibitors (SSRIs), such as fluvoxamine,
paroxetine, citalopram, and sertraline, occupy several pharmacologically distinct
sites overlapping at least partially the substrate binding site. These agents are
widely used in the treatment of depression, anxiety disorders, and impulse
control disorders, as well as substance abuse including alcoholism.

Although several reviews have extensively discussed the general role of
pharmacogenetics in individualising treatment of mood disorders with
psychoactive compounds, pharmacogenetics implications of the treatment of
anxiety spectrum disorders have not been addressed previously (Alda 2001;
Catalano 1999; Lerer and Macciardi 2002; Mancama and Kerwin 2003; Serretti
et al. 2002; Veenstra-VanderWeele et al. 2000). Therefore, the present chapter
covers fundamental aspects of the genetics of anxiety-related traits, emotional
responses, and anxiety disorders. The current status of conceptual issues in the
search for candidate genes of human fearfulness and anxiety will also be
considered. Finally, the evidence for a relationship between genetic variability
of two serotonergic genes, SHTT and 5HT,4, and response to antidepressant,
anxiolytic, and antibipolar drugs as well as non-pharmacological treatments will
be discussed.

2. GENETICS OF ANXIETY AND RELATED DISORDERS
2.1. Anxiety-related traits in mood disorders

A large body of evidence from family, twin, and adoptee studies has been
accumulated that a complex genetic component is involved in anxiety-related
traits and in the liability to anxiety spectrum disorders. While genetic research
has typically focused either on normal personality characteristics or on
psychiatric disorders, with few investigations evaluating the genetic and
environmental relationship between the two, it is of critical importance to
answer the questions whether a certain quantitative trait etiopathogenetically
influences the disorder or whether the trait is a syndromal dimension of the
disorder. Nevertheless, some studies have implicated anxiety-related personality
traits, such as neuroticism or negative emotionality, in the comorbidity of mood
disorders (Kendler et al. 1993a; Livesley et al. 1998). Separation of anxiety
spectrum disorders from mood disorders including depression and bipolar
disorder in current consensual diagnostic systems remarkably enhanced interest
in the link between temperament, personality, and psychiatric disorders as well
as the impact of this interrelationship on the heterogeneity within diagnostic
entities, prediction of long-term course, and treatment response (Mulder et al.
1994). Based on multivariate genetic analyses of co-morbidity, generalized
anxiety disorder and major depression have common genetic origins and the



GENETICS OF ANXIETY AND RELATED DISORDERS 27

phenotypic differences between anxiety and depression are dependent upon the
environment (Kendler 1996; Kendler et al. 1992b). Moreover, indexed by the
personality scale of neuroticism, general vulnerability overlaps genetically to a
substantial extent with both anxiety and depression (Kendler et al. 1993a; b).
These results predicted that when a quantitative trait locus (QTL), such as the
SHTT gene, is found for neuroticism, the same QTL should be associated with
symptoms of anxiety and depression. Anxiety and mood disorders are therefore
likely to represent the extreme end of variation in negative emotionality (Eley
and Plomin 1997; Eley and Stevenson 1999). The genetic factor contributing to
the extreme ends of dimensions of variation commonly recognized as an
disorder may be quantitatively, not qualitatively, different from the rest of the
distribution. This vista has important implications for identifying genes for
complex traits related to a distinct disorders. Association of allelic variation of
SHTT function and mood disorders including unipolar depression and bipolar
disorder has initially been reported by Collier and colleagues (1996) and
subsequently by several other investigators, although some studies did not
replicate these results (Lesch and Mossner 1998).

2.2. Generalized anxiety disorder

Generalized anxiety disorder (GAD) is defined by excessive and
uncontrollable worry about a number of life events or activities for least 6
month, accompanied by at least 3 of 6 associated symptoms of negative affect or
tension, such as restlessness, fatigability, concentration difficulties, irritability,
muscle tension, and sleep disturbance. Relative to other anxiety and mood
disorders, GAD is more likely to show a gradual onset and/or life-long history
of symptoms. While early ages of onset are common, the syndrome itself may
emerge only later in life and a considerable number of patients with GAD report
an onset in adulthood that is usually in response to psychosocial and emotional
stress. Research has consistently shown that GAD is associated with high
comorbidity rates for other psychiatric disorders, including panic disorder, major
depression, dysthymia, social phobia, and specific phobia (Kendler et al. 1992a;
Kendler et al. 1995a; Roy et al. 1995; Skre et al. 1994; Weissman 1993). Based
on inadequate diagnostic reliability and high comorbidity the discriminant
validity of GAD has been controversial. Studies have begun to address the
structural relationship of the dimensions comprising various anxiety disorders
and there is evidence that GAD-associated negative affect and worry are
dispositional traits common to both anxiety and mood disorders. GAD may
therefore be conceptionalized as a trait dimension predisposing to other
disorders and etiological models of GAD therefore integrate both psychosocial
and biological factors. Twin and family-based studies indicate a clear genetic
influence in GAD with a heritability of approximately 30%. GAD-associated
genetic factors are completely shared with depression, while environmental
determinants seem to be distinct (Kendler 1996; Kendler et al. 1992b). This
notion is consistent with recent models of emotional disorders which view
anxiety and mood disorders as sharing common vulnerabilities but differing on
dimensions including, for instance, focus of attention or psychosocial liability.
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2.3. Phobias

Phobias occur in several forms and specific phobias are linked to a particular
object or situation. Social phobia as an example is an intense fear of becoming
humiliated in a social setting or being painfully embarrassed in front of other
people. Lifetime prevalence of social phobia was 9.5% in females and 4.9% in
males, with about one-third being classified as individuals with generalized
social phobia. Little is known about the psychobiology and heritability of
specific phobias, although twin studies of common phobias and fears in
unselected samples point toward a genetic influence (Stein 1998). Assessment of
lifetime history of five unreasonable fears and phobias, including agoraphobia
and social, situational, animal, and blood-injury phobia, in female twins resulted
in heritabilities between 46% and 67% (Kendler et al. 1999). Correcting for
unreliability of ascertainment, the liability to fears and their associated phobias
is moderately heritable. Individual-specific environmental experiences play an
important role in the development of phobias, while familial and other
environmental factors appear to be of little etiological significance. Only few
population-based association and linkage-disequilibrium studies have been
conducted in phobias. Linkage-disequilibrium studies in a population capitalize
on the likelihood that the susceptibility genes for a particular disorder probably
came from one or a few founding members. Stein et al. (1998) excluded linkage
between generalized social phobia and the genes of SHTT and 5SHT,, receptor,
although modifier effects could not be ruled out. Interestingly, Furmark and
coworkers (2004) reported a relationship between allelic variation of SHTT
function, amygdala excitability, and symptom severity in patients with social
phobia. Individuals with one or two copies of the low-activity, short allele of the
SHTT promoter polymorphism exhibited significantly increased scores of
anxiety-related traits, state anxiety, and enhanced right amygdala responsivity to
anxiety provocation, compared with subjects homozygous for the high-actitivity
variant.

2.4. Posttraumatic stress disorder

Posttraumatic stress disorder posttraumatic stress disorder (PTSD) is a
common, frequently chronic condition that occurs following life-threatening or
horrific traumatic events. The lifetime incidence of PTSD in western societies is
10-15% and approximately 50% of individuals who have had an episode of
PTSD develop chronic symptoms. Family and twin studies suggest a substantial
genetic contribution to the pathogenesis of PTSD (Radant et al. 2001). However,
PTSD is unique among psychiatric disorders since there is an explicit
requirement for the presence of a precipitating environmental event. While some
types of trauma exposure (e.g. natural disasters, assaults) are not influenced by
individual characteristics, other types of trauma exposure may be associated
with certain personality characteristics (e.g. engaging in high-risk activities)
which are themselves under genetic influence.

Unfortunately, a quite broadly defined phenotype, specific requirement for
an environmental exposure and high frequency of comorbid psychiatric illness
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as well as genetic heterogeneity, incomplete penetrance, pleiotropy, and
interaction multiple genes complicate genetic studies of PTSD and its treatment.
One strategy to get around these problems is to perform genetic analysis of traits
associated with PTSD, rather than PTSD itself, an approach that has yielded
promising results for other diseases with complex genetics. Hypothalamic-
pituitary-adrenal axis dysfunction, physiologic markers of increased arousal, and
increased acoustic startle response are PTSD-associated traits accessible to
genetic analysis. However, the power of these traits to distinguish PTSD from
non-PTSD patients need to be determined before they can be employed in
genetic studies. Only a few association studies have been reported. Comings et
al. (1996) reported that the A1l allele of the dopamine D2 receptor gene (DRD2)
was significantly more common among PTSD patients as compared to veteran
controls. Differences in rates of substance abuse, which appear also be
associated with the Al allele may explain failure to replicate this finding
(Gelernter et al. 1999). Similarily based on the assumption of an abnormal
dopaminergic function in PTSD, Segman and associates (2002) examined the
association of the dopamine transporter (DAT, SLC6A3) variable number
tandem repeat (VNTR) polymorphism with PTSD. The study evaluated 102
chronic PTSD patients versus carefully-documented trauma survivors who did
not develop PTSD. Significant excess of 9 repeat allele was observed among
PTSD patients (43% vs 30.5% in TS controls) further supporting the notion that
genetically influenced changes in dopaminergic reactivity may contribute to the
occurrence of PTSD among trauma survivors. Finally, in a sample of male
PTSD patients, dinucleotide repeat polymorphisms of the GABA4 receptor 33
subunit gene (GABRB3) were associated with higher scores of somatic
symptoms, anxiety, insomnia, social dysfunction, and depression (Feusner et al.
2001).

2.5. Panic disorder

Panic disorder (PD) is strikingly different from other types of anxiety in that
panic attacks are sudden, appear to be unprovoked, and are often disabling. They
may include intense fear, fear of dying or a sense that something unimaginably
horrible is about to occur and one is powerless to prevent it or discomfort
accompanied by several physiological symptoms, such as choking sensations,
sweating, dizziness, fear of losing control or perceptual distortions. A panic
attack typically lasts several minutes to hours and may be one of the most
distressing experiences. Panic attacks are followed by persistent concerns about
having additional attacks, worry about the implications of the attack or its
consequences, and significant changes in behavior related to the attacks.

Following one or repeated panic attacks, patients may develop an irrational
fear, or phobia, about these situations and begin to avoid them. At this stage, PD
is complicated by agoraphobia. PD, agoraphobia, and depression display
significant comorbidity. Familial patterns of aggregation also suggest that PD,
GAD, depression, and agoraphobia may co-occur but it is still a matter of
considerable debate whether they have related or different genetic etiologies
(Maier et al. 1995; Weissman 1993; Woodman 1993). A higher correlation for
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monozygotic twins (MZ) than for dizygotic twins (DZ) indicates genetic
influences. Logistic regression analysis of PD family data yielded evidence of
vertical transmission and the effect of sibship environment, whereas segregation
analysis of family data resulted in moderate evidence of an incompletely
penetrant dominant or recessive major gene (Bonney 1986; Hopper et al. 1990).
Model fitting in a large twin sample found evidence that the familial
transmission of panic-phobia was influenced by sex-dependent additive genetic
effects, dominant genetic factors, individual-specific environmental factors, and
a shared environmental effect for women only (16% vs 1%), while higher
heritability in males (38%) compared to females (16%) was predicted (Kendler
et al. 1995b).

Several genome-wide linkage scans for PD liability genes have been
published. Although none of the findings based on lod scores or the proportion
of allele sharing reached a level of statistical confidence according to stringent
criteria, a region suggestive of a susceptibility locus for PD on chromosome
7p15 was independently identified in both studies. Crowe and associates (2001)
detected the highest lod score of 2.23 at the D7S2846 locus, located at 57.8 cM
on chromosome 7, in a region that lies within 15 ¢cM from the D7S435 locus
reported by Knowles et al. (1998). Linkage to numerous other markers over a
substantial proportion of the human genome had previously been excluded
under various parametric models in different sets of pedigrees (Crowe 1990;
Crowe et al. 1990; Kato et al. 1996; Mutchler et al. 1990; Wang et al. 1992).
Some of the conflicting results of linkage analyses in PD may be ascribed to
methodological differences in family ascertainment, phenotype definition,
diagnostic assessment, and approaches data analysis. Even more likely, they
may represent true etiologic differences due to locus heterogeneity.
Susceptibility to PD may thus be influenced either by an incompletely penetrant
major gene in some families or by multiple genes of weak and varying effect in
others.

Since evidence for a genetic liability in PD is persuasive, a small number of
putative vulnerability genes have been assessed in association studies. A role of
monoamine neurotransmitters in the etiology of PD has been suggested by the
observations that increased serotonergic neurotransmission provokes anxiety
even up to the level of panic attacks in PD patients. This corresponds well to the
general observation that in rodent models increased serotonergic function is
anxiogenic while a decrease is anxiolytic. Although it may be hypothesized that
enhanced serotonergic neurotransmission in PD is due to decreased SHT uptake,
no association with allelic variation of SHTT expression and PD was detected in
different populations (Deckert et al. 1997; Hamilton et al. 1999; Ishiguro et al.
1997; Matsushita et al. 1997). These negative findings are compatible with the
assumption that additional or alternative cellular pathways and neural circuits
are involved in panic anxiety. Monoamine oxidase A (MAOA), an enzyme
involved in the degradation of SHT, dopamine, and norepinephrine and thus
positioned at the crossroads of several monoaminergic system, is another
plausible candidate gene. A 30-bp repeat polymorphism was identified in the
promoter region of the MAOA gene that differentially modulates gene
transcription (Deckert et al. 1999). Variation in the number of repeats of this
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MAOA gene-linked polymorphic region (MAOALPR) displayed allele-
dependent transcriptional efficiency. The effectiveness of the 3-repeat allele was
2-fold lower than those with longer repeats. Assessment of the MAOALPR for
association with PD in two independent samples showed that the longer alleles
were significantly more frequent in female patients than in females of the
corresponding control populations (Deckert et al. 1999). Together with the
observation that inhibition of MAOA is clinically effective in the treatment of
panic disorder, particularly in women, these findings suggest that altered
MAOA activity may be a gender-specific risk factor for PD. Recently, a
functional single nucleotide polymorphism (SNP) in the transcriptional control
region of 5SHT;» (HTR1A-1019) was reported which displays differential
binding efficiency of a repressors/enhancer-type transcriptional regulator
(Lemonde et al. 2003). The G variant of this polymorphism was shown to be
associated with anxiety- and depression-related personality traits as well as with
the agoraphobic subtype of panic disorder (Rothe et al. 2004; Strobel et al.
2003). Finally, no consistently significant associations between PD and alleles
of the GABA,, dopamine D2 and D4, cholecystokinin B as well as the
adenosine Al and A2a receptor genes have been detected (Crawford et al. 1995;
Crowe et al. 1997; Deckert et al. 1998; Kato et al. 1996; Kennedy et al. 1999;
Wang et al. 1998). Population-based studies also found no evidence for an
association between PD and the gene for the DAT (Hamilton et al. 2000).

3. GENETIC VARIABILITY OF SEROTONIN TRANSPORTER
FUNCTION

In humans, transcriptional activity of the SHTT gene is modulated by a
polymorphic repetitive element, SHTT gene-linked polymorphic region
(SHTTLPR) located upstream of the transcription start site. Comparison of
different mammalian species confirmed the presence of the SHTTLPR in simian
primates but not in prosimian primates and other mammals (Lesch et al. 1997).
The majority of alleles are composed of either 14 or 16-repeat units (short and
long allele, respectively), while alleles with 15, 18-20, or 22 repeat copies, and
most variants with single-base insertions/deletions or substitutions within
individual repeats are rare. The distinctive structure of the SHTTLPR gives rise
to the formation of DNA secondary structure that has the potential to regulate
the transcriptional activity of the associated SHTT gene promoter. When fused
to a luciferase reporter gene and transfected into human SHTT expressing cell
lines, the short (s) and long (I) SHTTLPR variants differentially modulate
transcriptional activity of the SHTT gene and ultimately uptake function of the
SHTT protein (Lesch et al. 1996).

A growing body of evidence suggests a role of SHTTLPR-dependent allelic
variation in SHTT expression and function in anxiety-, depression-, and
aggression-related personality traits and syndromal dimensions of various
psychiatric disorders (for review see Lesch 2003). The influence of genetically
driven variability of SHTT function on individual phenotypic differences in
personality and behavior was explored in several independent population/family
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genetic studies. The findings suggest that the SHTTLPR influences traits of
negative emotionality related to anxiety, depression, and stress responsiveness
as well as aggressiveness. Nevertheless, several efforts to detect associations
between the SHTTLPR and personality traits have been complicated by the use
of small sample sizes, heterogencous subject populations, ethnic and
sociocultural characteristics, and differing methods of personality assessment. In
addition to the exploration of the impact of allelic variation in SHTT expression
on anxiety, depression, and aggression-related personality traits, a role of the
low-activity s allele has been suggested in a variety of neuropsychiatric
disorders (for review see Lesch 2003; Lesch and Mdssner 1998).

Evidence for a modulatory effect of the SHTTLPR on prefrontal cortex and
amygdala activity suggests that genotype-phenotype correlations may be
accessible to analysis of event-related potentials (ERP) or functional magnetic
resonance imaging (fMRI) of the brain. In two subsequent studies, Fallgatter and
associates (1999; 2004) reported an association between SHTTLPR genotype
and prefrontal cortex-limbic excitability detected with two different tasks of
cognitive response control, Go-NoGo and error-processing task). Individuals
with one or two s allele of the SHTTPLR showed higher prefrontal brain activity
as compared to subjects homozygous for the 1 variant, thus indicating that the
SHTTLPR s variant is linked to enhanced responsiveness of the prefrontal
cortex, particularly the anterior cingulate cortex (ACC). These findings strongly
suggest a relationship between cognitive brain function and allelic variation of
SHTT function. Hariri and coworkers (2002) reported that individuals with at
least one copy of the SHTTLPR s variant exhibit greater amygdala responsivity,
as assessed by fMRI, in response to fearful stimuli compared with individuals
homozygous for the high-activity 1 allele. This result confirms that genetically
driven variation of serotonergic function contributes to the response of brain
regions underlying human emotional behavior and indicate that differential
excitability of the amygdala to emotional stimuli may contribute to increased
fear and anxiety-related responses. The considerable effect sizes of both ERP
and fMRI measures as well as their unique ability to assay information
processing at the level of brain function during cognitive tasks in relatively
small samples of individual and in the absence of noticeable behavioral
differences, offers a powerful approach to functional genomics of the brain. The
consistent results derived from these endophenotypic paradigms not only
underscore the power of direct assessment of brain physiology in exploring the
functional impact of genomic variation but also support the notion of a critical
link between functional gene variation and differences in information processing
within distinct neurocircuits that have been linked to the manifestation of
distinct behavioral traits and behavioral disorders (Fallgatter et al. 2004).

4. SEROTONIN TRANSPORTER AND ANTIDEPRESSANT/
ANXIOLYTIC RESPONSE

Based on theoretical consideration a complex interaction between genotype,
behavioral or syndromal dimensions, and drug response has been predicted
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(Catalano 1999). A given genetic predisposition, such as allelic variation in
SHTT function, may lead to both increased susceptibility to anxious or
depressive features and less favorable antidepressant responses in patients
affected by mood disorders. Impaired SHTT function confers, if any, only a very
modest susceptibility to depressed states, because adaptive mechanisms are
likely to compensate for the deficiency, while more robust alterations of SHT
turnover observed during antidepressant treatment revealed robust effects of
allelic variation of SHTT function, 7-20% of variance of treatment effect) that
lead to variable SSRI efficacy. Pharmacogenetic and other treatment response
studies of the serotonin transporter gene are summarized in the following
sections and in Table 1.

Smeraldi and associates (1998) investigated whether the SHTTLPR
genotype is related to the antidepressant response to the SSRI fluvoxamine
and/or augmentation with the SHT,, receptor antagonist pindolol in patients
with major depression with psychotic features who had been randomly assigned
to treatment with a fixed dose of fluvoxamine and either placebo or pindolol for
6 weeks. Both homozygotes for the 1 variant (1/1 genotype) of the SHTTLPR and
heterozygotes (1/s) showed a better response to fluvoxamine than patients
homozygous for the s variant (s/s). Interestingly, in the group treated with
fluvoxamine plus pindolol all the genotypes acted like I/l treated with
fluvoxamine alone and the genetic effect could not be detected. Thus, SSRI
efficacy in delusional depression seems to be related, in part, to genetic variation
of SHTT function that in the subjects with s/s genotype pindolol may have
compensated for the altered transcriptional activity of the SHTT gene.

The effect of the SHTTLPR genotype on antidepressant response was
replicated in an independent sample of depressed patients treated with the SSRI
paroxetine (Zanardi et al. 2000). In a study of elderly patients treated for
depression, Pollock and associates (2000) found that patients with a I/ genotype
displayed a faster response to paroxetine. The association appeared specific to
paroxetine, as there was no genotypic difference with respect to the
antidepressant response to nortriptyline, a predominantly noradrenergic drug.
The same group also demonstrated an influence of the SHTTLPR on platelet
activation in geriatric depression (Whyte et al. 2001). More recently, Rausch
and coworkers (2002) reported an association between the SHTTLPR 11
genotype and improved response to fluoxetine and a placebo-controlled study
confirmed a significant increase in response to the SSRI sertraline in elderly
depressed patients homozygous for the 1 allele of SHTTLPR compared with
patients carrying one or two copies of the s variant. No significant difference
was observed in the placebo group (Durham et al. 2003). Arias et al. (2003)
confirmed the results of previous studies demonstrating a similar association
between SHTTLPR genotype and an therapeutic effect of the most selective
SSRI citalopram. In patients with depression, the remission in the course of
treatment was less likely in subjects with the s/s genotype.
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Table 1. Pharmacogenetic and other treatment response studies of the serotonin
transporter gene

Antidepressants/ Sample Phenotype Results
Anxiolytics
Smeraldi et al. 1998 Major depression Response to Better response in 1/1 and 1/s
(n=56) fluvoxamine subjects compared to s/s
Major depression  Response to No difference in response to
(n=46) fluvoxamine combination
+
pindolol
Zanardi et al. 2000 Major depression Response to Better response in 1/1 and I/s
(n=58) paroxetine subjects compared to s/s
Pollock et al. 2000 Major depression Response to More rapid response to paroxetine
(n=95), elderly paroxetine or in 1/1 subjects, no effect on
patients nortriptyline nortriptyline response
Kim et al. 2000 Major depression  Response to Better response in s/s subjects,
(n=120), paroxetine or intron 2 VNTR also associated
controls (n=252), fluoxetine with response)
Koreans
Yu et al. 2002 Major depression Response to Better response in 1/1 subjects, 1/1
(n=121), Chinese fluoxetine genotype less common
Yoshida et al. 2002 Major depression Response to Better response in s/s subjects, 1/1
(n=66), Japanese fluvoxamine genotype rare
Durham et al. 2003 Major depression Response time to ~ Shortened response delay in 1/1
(n=206), elderly  sertraline subjects at week 1 and 2
patients, placebo- compared to I/s and s/s; no
controlled difference in placebo group
Perlis et al. 2003 Major depression  Adverse effects of Higher rate of insomnia and
(n=36) fluoxetine agitation in s/s subjects compared
to I/s and 1/1
Joyce et al. 2003 Major depression Response to Better response to both fluoxetine
(n=169) fluoxetine or and nortriptyline in I/l and I/s
nortriptyline subjects older than 25 years
compared to s/s
Arias et al. 2003 Major depression Remission during Higher rate of s/s in non-
(n=131) citalopram remission group compared to

remission group

These findings may, however, apply primarily to European populations.
Treatment of Korean and Japanese patient samples with fluoxetine, paroxetine,
and fluvoxamine showed contradictory results as a better response was found in
patients with a s/s genotype (Kim et al. 2000; Yoshida et al. 2002), whereas Yu
and coworkers (2002) reported a superior response to fluoxetine in I/l in depressed
patients from China. Possible explanations for these discrepancies are manifold.
For example, allele frequencies of the SHTTLPR 1 variant between European
populations and both the Korean and the Japanese population differ significantly
(54% vs. 25% and 26%). A low frequency of the 1 allele in both of these studies
resulted in a small number of homozygous I/l patients. Furthermore, ethnic as well
as environmental differences could also influence the genotypic response to SSRIs.
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Table 1 (continued): Pharmacogenetic and other treatment response studies of
the serotonin transporter gene.

Sleep deprivation/ Sample Phenotype Results
light therapy
Benedetti et al. Bipolar disorder, Antidepressant effect of Better effect in I/l subjects
1999 depressed (n=68) sleep deprivation compared to I/s and s/s
Benedetti et al. Bipolar disorder, Antidepressant effect of Effect more marked in /1
2003 depressed (n=22) light therapy combined subjects compared to I/s and
with sleep deprivation  s/s
Lithium
Del Zompo etal.  Bipolar disorder Response to lithium, 49 Higher frequency of | allele in
1999 (n=67), controls  responders,
(n=103)
(18 nonresponders) nonresponders compared to
controls
Serretti et al. 2001  Bipolar disorder  Effect of prophylactic =~ Fewer episodes before lithium
(n=167), lithium treatment treatment, but less reduction of
(episode frequency) episodes in s/s patients
unipolar
depression
(n=34)
Switch, rapid
cycling
Mundo et al. 2001  Bipolar disorder, Presence/absence of Increased frequency of s allele
antidepressant-  mania (IM+/IM-) in IM+ compared to IM-;
induced mania,  during antidepressant  no effect of intron 2 VNTR
IM+( n=27), treatment
bipolar disorder,
IM-( n=29)
Rousseva et al. Bipolar disorder  Lifetime history of Increased frequency of s allele
2003 (n=305) antidepressant-induced in subjects with rapid cycling
mania/rapid cycling but not with antidepressant-
induced mania
Antipsychotics
Arranz et al. 2000 Schizophrenic Response to clozapine  Higher rate of s/s in non-
disorder (n=200) response group; five other
primarily serotonergic
genotypes contribute to the
prediction of response
SHT Challenge
Whale et al. 2000  Healthy females Clomipramine-induced Higher response in I/] subjects
=7, /1 prolactin response
genotype),
Healthy females,
(n=7, s/s genotype)
Reist et al. 2001 Male alcohol Fenfluramine-induced Higher response in 1/] subjects

dependence (n=14), prolactin response
healthy (n=13)

Furthermore, an interaction between SHTTLPR genotype and therapeutic
efficacy of the antimanic/antibipolar agent lithium, which is assumed to act via
serotonergic mechanisms, was demonstrated. Del Zompo and coworkers (1999)
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reported a trend towards higher frequency of the 1 allele among lithium
nonresponders compared to controls. Serretti et al. (2001) found an opposite
result: the group homozygous for the s variant showed poorer response.
However, this association appears to have been mainly due to a difference in
pre-lithium frequency of episodes; there was no difference in episode frequency
during lithium treatment.

Benedetti and coworkers (1998) reported that drug-free patients with bipolar
depression who were homozygous for the 1 variant of SHTTLPR show superior
mood improvement after total sleep deprivation (TSD) than those with the s/l
and s/s genotype. However, relapse following restoration of night sleep led to
similar depression ratings in all genotype groups at the end of treatment. In a
follow-up study the same group demonstrated that short-term relapse following
acute response to TSD may be prevented by a combination of TSD with light
therapy given during the TSD night and in the morning after recovery sleep and
that the response is influenced by the SHTTLPR with more marked effects in
homozygotes for the 1 variant (Benedetti et al. 2003). These findings suggest
that SHTT function is critical for the antidepressant mechanism of action of
sleep deprivation and light therapy, that presence of the I allele is associated
with an increased reactivity of serotonergic system to a variety of stimuli, and
support the notion that SHTTLPR genotyping may represent a useful
pharmacogenetic tool to individualize treatment of depression.

Finally, Mundo et al. (2001) found that 63% bipolar patients with a history
of antidepressant-induced mania had the s allele compared to 29% in bipolar
subjects who had been exposed to antidepressants, but did not develop mania. A
role of the SHTTLPR in rapid cycling, though not in antidepressant-induced
mania, was supported in an independent cohort of patients with bipolar affective
disorder, further supporting the notion that the low-activity s allele of the
SHTTLPR contributes to a pattern of affective instability (Rousseva et al. 2003).
The role of allelic variation of SHTT function in the development of adverse
effects of SSRI treatment in patients with major depression was investigated by
Perlis and coworkers (2003). A higher rate of fluoxetine-induced insomnia and
agitation was found in s/s subjects compared to patients carrying the 1/s and 1/1
genotypes. Although no antidepressant-induced mania was observed in this
patient sample, these results seem plausible in the context of the findings that
sleep disruption is a risk factor for the switch from depression to mania.

In addition to treatment response studies, SHT system responsivity following
pharmacologic challenge has been investigated with respect to genetic
variability of the SHTT function. Individuals with the 1/l genotype exhibited
greater prolactin response to either clomipramine or fenfluramine (Reist et al.
2001; Whale et al. 2000). Since the SHTTLPR is likely to influence SHT
concentrations at all synapses, allelic variation in SHTT function may affect the
response to almost any agent affecting the SHT system. This assumption would
also explain an association between the s/s genotype and poor response to
clozapine, an anxiolytically active antipsychotic displaying also a serotonergic
mechanism of action (Arranz et al. 2000).
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5. SEROTONIN 1A RECEPTOR AND ANTIDEPRESSANT/
ANXIOLYTIC RESPONSE

While multiple lines of evidence implicate the serotonin 1A receptor
(5HT,,) in the pathophysiology of anxiety and depression as well as in the
mechanism of action of anxiolytics/antidepressants, its relevance to the
therapeutic effectiveness of these drugs has been a matter of considerable debate
(Griebel 1995; Hensler 2003; Hjorth et al. 2000; Lesch et al. 2003). The SHT 5
receptor is encoded by an intronless gene (HTRIA) located on human
chromosome 5ql2.3. Several rare missense polymorphisms, including the
Gly22Ser variant which results in altered agonist-elicited downregulation, have
been found within the protein coding of HTRIA. Moreover, Lemonde and
coworkers (Lemonde et al. 2003) reported a functional C-1019G single
nucleotide polymorphism (SNP) in the transcriptional control region of HTRIA
(HTR1A-1019) and demonstrated in in vitro experiments that the G variant
displays differential binding efficiency of the repressors/enhancer-type
transcriptional regulator NUDR/DEAF-1. NUDR/DEAF-1 is co-expressed with
both pre- and post-synaptic SHT;, receptors, but its regulation of HTRIA
transcription may differ in presynaptic raphe versus postsynaptic target cells
(Lemonde et al. 2003).

Although initial association studies of the HTRIA wvariations produced
ambiguous results in affective disorders (Arias et al. 2002; Nishiguchi et al.
2002), Lemonde and coworkers (2003) also showed that the G variant of the
HTRI1A-1019 polymorphism is associated with severe depression and
suicidality. Taking the considerable comorbidity of depression and anxiety
disorders into account it came as no surprise that associations of the G variant
with anxiety- and depression-related personality traits, particularly with higher
scores in Neuroticism and Harm Avoidance, as well as with the agoraphobic
subtype of panic disorder were also reported (Rothe et al. 2004; Strobel et al.
2003). These findings have been further extended by Huang et al. (2004) who
report an association of the HTR1A-1019 polymorphism with panic disorder as
well as in schizophrenia and substance use disorder.

Preliminary evidence that allelic variation of 5SHT;, receptor expression
influences the response to antidepressant treatment has recently been provided
by two independent studies. Serretti and colleagues (2004) assessed the severity
of depressive symptoms in 151 patients with major depression and 111 bipolar
patients before and following six weeks of treatment with the SSRI fluvoxamine
and demonstrate that in bipolar disorder but not in unipolar depression, patients
homozygous for the C variant of the HTR1A-1019 polymorphism showed a
better response as compared to carriers of the G allele. Interestingly, the results
failed to reveal an interaction between the HTR1A-1019 polymorphism and
reported effects of the SHTTLPR. Lemonde et al. (2004) reported that
antidepressant response to the SSRI fluoxetine, noradrenaline reuptake inhibitor
nefadozone, and 5HT;, agonist flibanserin, which desensitize the SHT4
autoreceptor as one their mechanisms of action, was associated HTR1A-1019
polymorphism 118 depressed patients. Patients homozygous for the G variant of
the HTR1A-1019 polymorphism improved significantly less on flibanserin and
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in pooled antidepressant treatment groups were twice as likely to be non-
responders as those with the C/C genotype. These findings further corroborate
the hypothesis that genetic variations in HTRI/A may not only predispose to
psychiatric disorders, but may also contribute to individual differences in
responsiveness to antidepressant treatment.

Taken together, allelic variation in SHT, receptor expression seems to play
a critical role in the development and modulation of individual differences in
anxiety- and depression-related personality traits as well as in the
pathophysiology of anxiety disorders and syndromal dimensions of depression,
psychosis, and substance abuse. Evidence that the HTR1A-1019 polymorphism
also influences therapeutic responses to serotonergic agents may have
implications for tailoring individual antidepressant/anxiolytic treatment. The
availability of an increasing number of functional gene variants within the
serotonergic pathway together with integration of emerging concepts of
developmental genetics of complex traits will provide the groundwork for the
molecular dissection of syndromal dimensions and treatment response.

6. CONCLUSIONS

Response to psychopharmacologic drugs is genetically complex, results
from an interplay of multiple genomic variations with environmental influences,
and depends on the structure or functional expression of gene products, which
are direct drug targets or are indirectly modify the development and synaptic
plasticity of neural networks critically involved in their effects. During brain
development, the SHT system, which is commonly targeted by anxiolytic and
antidepressant drugs, controls neuronal specification, differentiation, and pheno-
type maintenance. While formation and integration of these neural networks
is dependent on the action of multiple proteins, converging lines of evidence
indicate that genetically controlled variability in the expression of serotonergic
genes is critical to the development and plasticity of distinct neurocircuits. The
most promising finding to date indicate associations between the response time
as well as overall response to serotonin reuptake inhibitors (SSRIs) and a
common polymorphism within the transcriptional control region of both the
SHTT and 5HT,;s genes. More functionally relevant polymorphisms in genes
within a single neurotransmitter system, or in genes, which comprise a
developmental and functional unit in their concerted actions, need to be
identified and assessed in both large association studies to elucidate complex
epistatic interactions of multiple loci. Finally, psychopharmacogenetic studies
require to employ randomized, double-blind clinical trial methodology, and, in
order to detect a small gene effects, a dimensional, quantitative approach to
behavioral phenotypes and treatment effects arising from standardized
psychometric trait and response assessment is needed. Given the limitation of
the diagnostic and psychometric approach future studies will require extended,
homogeneous, and ethnically matched samples.
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3. MAJOR DEPRESSIVE DISORDERS:

Depressive Disorders

Alessandro Serretti and Paola Artioli~

1. INTRODUCTION

Depressive disorders represent a significant problem in public health; the
associated high morbidity represent an important cause of psychosocial
functional impairment and increased mortality, both for natural causes and for
suicide, make the treatment of these diseases one of the most demanding task in
mental health. According to a World Health Organization (WHO) report,
depression is going to be the condition with the second greatest disease burden
world-wide by 2020 (Murray 1996). Mood disorders have a large impact on
social health. They contribute for 11% of all the inabilities registered in the
International Classification of Disease manual, (ICD-9), and only in the USA
they cause a loss of 147 billions dollars for year considering both direct and
indirect costs (Pincus 2001; Bauwens 1991).

Major Depression (MD) is twice as common in adolescent and adult female
as in adolescent and adult male. Its point prevalence in adults in community
samples varies from 5% to 9% for women and from 2% to 3% for men, while its
international lifetime prevalence ranges from 4.6 to 17.1% of the general
population, with Recurrent Major Depression being about 7-10% (Kaplan 1995;
Ustun 2001). These prevalence rates appear to be unrelated to ethnicity,
education, income, or marital status, but culture may influence the experience
and the communication of depressive symptoms. The mean age of onset is in the
third decade of life, although onset in adolescence is rising common. The
reported prevalence for mood disorders may depend on diagnostic criteria. In
fact, considering less severe forms such as Minor Depression or Brief Recurrent
Depression, the lifetime rate may reach up to one third of the population.
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Psychiatric and substance-abuse co-morbidities are the most common
complications, and mortality rates are increased in the population of depressed
subjects, as a result of high suicidal risks, accidents, complications of substance
abuse and increased fatality of stress-sensitive medical illnesses. Up to 17% of
individuals with severe MD die of suicide (Kaplan 1995), and a population
based study performed in Sweden showed increased mortality ratios in patients
with depressive disorders, both for all natural causes of death and for suicide
only, natural causes representing about half the excess of deaths (Osby 2001),
while a recent follow up study found that inpatient affected by affective
disorders have elevated mortality rates for suicide but also for circulatory
disorders (Angst 2002).

In particular, depressive symptomatology increases mortality in the elderly.
Minor depression in older men and major depression in both older men and
women was shown to increase the risk of dying, even after adjustment for socio-
demographic variables, health status and health behaviours (Penninx 1999). In
older patients, depression could also act by increasing cognitive decline, with a
significant worsening of their quality of life (Yaffe 1999; Bassuk 1998).

On the other hand, somatic diseases are often complicated by depressive
symptomatology. In fact, depression showed to be an independent risk factor for
increased post-myocardial infarction morbidity and mortality (Carney 2001;
Ziegelstein 2001; Malhotra 2000; Burvill 1995), and at least 25% of hospitalised
cancer patients meet criteria for major depression or adjustment disorder with
depressed mood (Massie 1990). Also, depression represent a frequent
complication of diabetes, and other metabolic illnesses (Lynch 1994).

The above mentioned reasons confirm the importance of research in the
field of pathophisiology and treatment of depressive disorders. There are still a
lot of unknown issues about mechanisms and biochemical pathways which
underlie the appearance of mood disorder and the efficacy — effectiveness of
pharmacological treatments.

The research in mood disorders concerns to different topics: pathogenetic
mechanisms (genetic studies, PET-SPECT or neuro-cognitive studies, in vitro or
animal models experiments), diagnostic biological characterization (because a
biological marker or a specific measurable “sign” to identify diagnostic
categories is not available yet), and treatment features ( trials to test efficacy and
mechanisms of action of drugs, appearance of side effects, differences in
effectiveness for different patients).

Within this large field of application, pharmacogenetic research is receiving
more and more attention, for the promising results and its attractive perspectives.
In fact, the identification of precise criteria for drug administration is as much
desirable as difficult to reach. Moreover, pharmacogenetic criteria could
represent a sort of biological definition of nosologic categories, overwhelming
the difficulties in categorizing psychiatric disorders on the basis of
symptomathologic diagnostic criteria. In recent years, pharmacogenetic research
on mood disorders had pointed out some findings (for a review see (Serretti
2002) but researchers are far to reach a complete knowledge of the complex
heritability mechanisms of antidepressant response.
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2. THE HISTORY

The idea that mood disorders are heritable disturbances dates back to
Hippocrates theory of constitutional types: the hypothesis that psycho-
pathological traits could be inherited (known as Atavism) was present since the
origins of psychiatry, as suggested by the observation that affected subjects
clustered in families. However, a more precise hypothesis did not appear until
the 19th century (Cooper 1986). Wilhelm Griesinger (1817-1868) distinguished
in fact between traumatic external events and internal states (including
hereditary predisposition), which could combine, in varying rates, to give rise to
insanity. This causal model had a great success between contemporary scientist
and was adopted at this time by many Authors (Ackerknecht 1959).

With the beginning of the 20th century and the spring of biological
psychiatry, the first twin studies were performed to investigate heritability of
mental diseases and psychopathological traits. Ernst Rudin and its group at the
Munich Research Institute improved the fist statistical research techniques to
quantify the familial concentration of some psychiatric diseases: they tended to
neglect completely the role of environmental influences, so their results were
easily criticized by the so called “environmentalists”. This widespread interest
was particularly flowering in Nazi Germany and research findings about
heritability were at the bases of the eugenic movement. The term “eugenic” was
created by F. Galton in 1889. The followers of this doctrine had, as their main
wish, to reduce illnesses and abnormality in humankind, through aimed
elimination and mating selection (Weber 1997). They sustained that mental
illness, feeble-mindedness, criminality, alcoholism and sexual promiscuity were
all expression of racial degeneracy, whose remedy lay in a policy of selective
birth control, extending to sterilization of those unfit to bear children. But first
hopes were downsized when they understood that the necessary social laws
contrasted with individual rights, and were therefore difficult to apply. Ideas of
this nature lead to mass extermination of the mentally ill and handicapped under
Hitler’s regime (Meyer-Lindenberg 1991). However, recent knowledge
demonstrated that, from a purely genetic point of view, this strategy is both
unfruitful and, most probably, deleterious (Cavallisforza L. Genes 1997). In fact,
the selection of individuals according to phenotype appearance would never
eliminate recessive factors carried by individuals without any “negative”
phenotype trait completely. Moreover, the reduction of genetic variability
induced by selection has been shown to be disadvantageous for the species.

The following decades were strongly influenced by the events of the II
World War and psychiatric genetics, together with biological psychiatry as a
whole, suffered from a long and widespread stigma in favour of
phenomenology, psychoanalysis or, more recently, social approaches. Finally, in
the late sixties and seventies the need to bridge the gap between psychiatry and
the other rapidly advancing fields of medicine, prompted many worldwide
general and mental health authorities (World Health Organization, American
Psychiatric Association) to turn the psychiatric research to biological and
genetic studies.
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3. CLASSIFICATION

The aim of nosology has been to distinguish homogeneous subtypes of
mood disorders corresponding to different clustering of these signs and
symptoms, clearly delimited from other disorders. Modern psychiatry follows
Leonhard’s (Leonhard 1959) suggestion to subdivide mood disorders according
to the type of mood disturturbance experienced by the patient. The most
worldwide followed nosologic manual is currently the Diagnostic and Statistical
Manual of Mental Diseases, (DSM) which was compiled for the fist time in
1951 by a special Committee (Committee on Nomenclature and Statistics)
instituted by the American Psychiatric Association. It is periodically revised,
and the fifth revision is going to be published in the short term.

According to DSM criteria the symptoms of a Major Depressive Episode
consist of: depressed mood, diminished interest or pleasure in all activities,
insomnia or hypersomnia, psychomotor agitation or retardation, fatigue and loss
of energy, feelings of worthlessness or excessive guilt, inability to concentrate or
act decisively, decreased appetite with weight loss and recurrent thoughts of
death or suicide. Usually, Major Depressive Episodes arises slowly, with an
onset period varying from a week to some months. Each episode typically lasts
for several months and ends gradually. The different combinations of major
depressive episodes, manic episodes, mixed episodes and hypomanic episodes
define the diagnosis of mood disorders. Single episodes do not have their own
diagnostic codes and cannot be diagnosed as separate entities, they serve as the
building blocks for diagnoses. Finally, psychotic features such as delusions or
hallucinations may occur during both manic or depressive episodes.

Do these definitions fit for genetic studies? In other words, are mood
disorders subtypes genetically distinct? And are genes that cause a specific
disorder completely different from those involved in other disorders, or do they
overlap each other? Even thought it is possible a clear diagnosis between typical
schizophrenia and Bipolar Disorder (BP), genetic distinction between other
disorders is not so clear (Winokur 1993 and 1995; Tsuang 1990; Maziade 1995).

Molecular genetic studies tried to overcome this bias by using a stratified
phenotype definition: from strict to broad. From family studies, in fact, emerges
a reasonable definition of a BP spectrum of mood disorders that would include,
from narrow to broad, BP Type I, BP Type II, Schizoaffective Disorder,
Recurrent Major Depressive Disorder (MD) and Single Episode Major
Depression, this last being considered the disorder with the lowest genetic
loading (Winokur 1995; Tsuang 1990; Gershon 1982; Weissman 1984; Maier
1993). It is unclear, however, if this spectrum represents a pleiotropic expression
of a single genetic susceptibility.

The overlap between different diagnostic phenotypes is even more
extensive when considering less severe disorders. The presence at the same time
of several psychic disorders in a single subject is, for example, common. This
phenomenon is called comorbidity. Do they really represent different nosologic
entities or do they evidence deficits in the present diagnostic systems criteria?
People suffering of mood disorders often experience anxiety symptoms. Are
genes implicated in anxiety disorders the same involved in depression? Does the
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overlap between different diagnostic phenotypes reflect an overlap between
involved genes? Family and twin studies show a large overlap between them
(Torgersen 1990; Kendler 1992). A more careful twin study about comorbidity
analysing different disorders, found evidences of two clusters of genetic factors:
one is related to MD and Generalized Anxiety Disorder, the other is involved in
Panic Disorder, Bulimia and Phobic Disorder (Kendler 1995). Even if
comorbidity could represent a bias, molecular and genetic researches would
provide some evidence for disentangling the overlap of these two pathologies.

From the abovementioned description it clearly appears that the definition
of an individual as “affected subject” is not based on biologically valid
measurements, but mainly on clinical features. This fact has been probably the
cause for the lack of definite results in molecular genetic studies. Therefore
during recent years researchers, prompted by inconclusive results, developed
alternative phenotype definitions, based on symptomatology, neuropsychologic
testing, neuroimaging, time course of the disease or drug response. This is a
quite difficult issue because any phenotype for the search of liability genes must
demonstrate a number of properties. Firstly, it should be a reliable measurement,
then the pathway linking it to the underlying biological mechanism should be at
least plausible, finally it should demonstrate a significant heritability in formal
genetic studies.

4. PHARMACOGENETICS

Pharmacogenetics is the use of genetic information to guide
pharmacotheraphy and improve outcome by providing individualized and
science-based treatment decisions. It gained increasing attention and holds great
promise for clinical medicine in the latest years (Roses 2000; Dettling 2001;
Segman 1999; Pickar 2001). Pharmacogenetic strategy studies how genetic
variation could affect the response of patients to psychotropic drugs and their
susceptibility to adverse drug reactions.

The emerging field of pharmacogenetics holds great potential, particularly
in psychiatry, for refining psychopharmacology, given the lack of biologically
based treatment guidelines (American Psychiatric Association 1994, 1997 and
2000; Catalano 1999). The main goal would be the possibility for clinicians in
the future to optimise the use of medications by choosing the drug most likely to
work in patients according to their particular genetic profile. Pharmacogenetics
could also be considered as a solution to bypass the problem of the biological
heterogeneity of psychiatric diseases. In fact heritability of response patterns to
psychotropic drugs showed to be more homogeneous and not influenced by
diagnostic biases.

Pharmacogenetic studies in mood disorder were performed only during
recent years (Serretto 2002). Drug response has the property to be reliably
measured (Hamilton 1967), the involved pathway is, at least partly, known (Post
1995; Maes 1995) and finally it showed to be heritable.

The pharmacotherapy of affective disorders has reduced morbidity and
improved outcomes for millions of individuals worldwide. In fact, since 1950
specific antidepressant drug treatments, able to improve symptomatology and
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increase the chance of a good long term outcome, have been used.
Unfortunately, not all subjects benefit from treatment, and efficient clinical
predictors have not been yet identified, but there is some evidence suggesting
that genetic factors play a substantial role (Orsini 1987; Sederer 1986; Berrettini
1998; Pare 1971). In 1994, it was reported that, in a family with eight relatives
suffering from major depression, individuals tended to respond to the
monoamine oxidase inhibitor, tranylcypromine (O’Reilly 1994).

Our group analysed data from forty-five pairs of relatives treated with
fluvoxamine (Franchini 1998); the sample included individuals with unipolar
and individuals with bipolar depression. Among their first-degree relatives,
thirty (67%) also responded to fluvoxamine and the families they belonged to
showed the higher genetic loading for affective disorders. Subsequently, in a
related study, we applied complex segregation analysis to 171 families of
bipolar and unipolar probands responsive to fluvoxamine: the results favoured a
single major locus transmission of mood disorders in a subset of 68 families of
bipolar probands (Serretti 1998).

5. CANDIDATE GENES

Polymorphisms at some genes have been studied to date, to test their
association with antidepressant response. The choice of candidate genes has
taken into account the possible involvement of each gene in the pathophysiology
of the disease and in the mechanism of action of the analysed drugs. The most
commonly worldwide used antidepressant drugs are Selective Serotonin
Reuptake Inhibitors

5.1. Tryptophan Hydroxylase

The Tryptophan Hydroxylase (TPH) gene, which codes for the rate-limiting
enzyme of serotonin biosynthesis, has been cloned (Boularand 1990) and
mapped on 11p15.3-p14 (Craig 1991).

Studies on administration of N-ethyl-3,4-methylenedioxyamphetamine
(MDE) to rats showed a significant concentration decline of 5-HT and of TPH
activity in the hippocampus (Johnson 1989). In addition, long-term treatment of
rats with sertraline has shown to up-regulate mRNA and protein levels of the
TPH, as determined by in situ hybridisation and immunocytochemistry,
respectively (Kim 2002). These findings suggest a crucial role of TPH in
pharmacological action of AD.

The best known TPH variants are the two biallelic polymorphisms in strong
disequilibrium on position 218 (A218C) and 779 (A779C) of intron 7 (Nielsen
1997). The polymorphism A218C is located in a potential GATA transcription
factor-binding site, so that it may influence gene expression, and consequently
the antidepressant response. The rarer TPH*a of A218C allele showed in fact to
be associated to a decreased serotonin synthesis (Jonsson 1997).

Our group published two pharmacogenetic studies on A218C
polymorphism. The first study involved a sample of major and bipolar
depressives, with or without psychotic features. 217 inpatients were treated with
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fluvoxamine 300 mg and either placebo or pindolol in a double blind design for
6 weeks, assessing the severity of depressive symptoms weekly with the
Hamilton Rating Scale for Depression. TPH allelic variants were determined in
each subject by using a PCR-based technique. No significant finding was
observed in the overall sample as well as in the pindolol group, while TPH*A/A
was associated with a slower response to fluvoxamine treatment in subjects not
taking pindolol (P = 0.001) (Serretti 2001). The other study was performed on a
sample of 121 inpatients with major depressive episode treated with paroxetine
20-40 mg with either placebo or pindolol in a double blind design for 4 weeks.
TPH*A/A and TPH*A/C variants were associated with a poorer response to
paroxetine treatment when compared to TPH*C/C (P=0.005); this difference
was not present in the pindolol augmented group. Other variables, such as sex,
diagnosis, presence of psychotic features, severity of depressive
symptomatology at baseline and paroxetine plasma level, were not associated
with the outcome (Serretti 2001).

Recently the same polymorphism was investigated with MAOA-VNTR in
66 Japanese patients with major depressive disorder during a 6-week controlled
study. Only 54 patients completed the study, and they failed to demonstrate the
association of the two polymorphisms with the antidepressant effect of
fluvoxamine (Yoshida 2002); however, it must be observed that the sample was
smaller than those of the previous studies, and belonging to a different ethnicity.
The same Japanese group also published a paper reporting lack of association
between this and other polymorphisms with the development of the development
of fluvoxamine-induced nausea (Takahashi 2002).

5.2. Mono Amino Oxidase

The catabolism of catecholamines is catalysed by catechol-o-
methyltransferase (COMT) and monoamine oxidase A (MAOA), which
catalyses also SHT catabolism (Berry 1994). These enzymes, being involved in
the elimination of biogenic amines from the synaptic cleft, could also be
involved in the different individual response to ADs, as potentially impaired
variants could be more constitutionally active in amine catabolism, contrasting
the action of ADs. In addition, MAOA is the specific target of the first
synthesised ADs, MAO inhibitors (MAOI).

MAO-A gene is located on Xpl1.23 (Sabol 1998). Animal models
suggested that deletion of MAO-A gene causes behavioural alterations (Cases
1995). MAO-A inhibitors were the first effective AD drugs to be discovered.
They were used as anti tubercular agents, and showed to have AD properties, by
increasing levels of catecholamines and serotonin (Berry 1994). The first were
not reversible and not selective inhibitors of both MAO-A and MAO-B, and
caused severe side effects when associated to foods or beverages containing
tyramine; this inconvenient was overwhelmed with reversible and selective
MAO-A inhibitors (RIMA) such as moclobemide. MAO-A is also supposed to
influence the mechanism of action of SSRIs through interaction with the 5-HT
transporter (Maes 1995).
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A polymorphism located 1.2 kb upstream of the MAO-A coding sequences
has been shown to affect the transcription of the MAO-A gene promoter. This
mutation consists of a 30 bp repeat in 3, 3.5, 4, or 5 copies, The polymorphism
was shown to affect transcriptional activity of the MAOA gene promoter by
gene fusion and transfection experiments involving 3 different cell types. Alleles
with 3.5 or 4 copies of the repeat sequence are transcribed 2 to 10 times more
efficiently than those with 3 or 5 copies of the repeat, suggesting an optimal
length for the regulatory region (Sabol 1998; Cases 1995; Denney 1999).

A pharmacogenetic study on moclobemide response (Muller 2000), found
no association between AD response and the variants at the polymorphism in the
promoter of MAO-A gene. A recent study found no association between the
same polymorphism and AD response to fluvoxamine in a Japanese sample
(Yoshida 2002). Our group tested the association between fluvoxamine and
paroxetine efficacy in a sample of 248 unipolar and 195 bipolar depressed
patients, with or without psychotic features. 307 in-patients were treated with
300 mg fluvoxamine and 136 with 20-40 mg paroxetine for 6 weeks. The
severity of depressive symptoms was assessed weekly with the HAMD, and
allele variants were determined by a PCR-based technique. We observed no
association between MAOA genotypes and antidepressant response (Cusin 2002).

5.3. Alpha 1 adrenergic receptor

Alpha 1 adrenergic receptors are members of the G protein-coupled receptor
superfamily and activate mitogenic responses regulating growth and
proliferation of many cells.

There are 3 alpha-1-AR subtypes: alpha-1A, (ADRA1A)-1B (ADRAI1B)
and -1D (ADRAI1D) (Bylund 1994), all of which signal through the Gg/11
family of G-proteins.

ADRAIB subtype mapped on 5q23-q32; this normal cellular gene is
identified as a protooncogene, and comprises 2 exons and a single large intron of
at least 20 kb that interrupts the coding region. The distribution of the adrenergic
receptor subtypes in the various organs and tissues and the functional response
mediated by each one were not easy to be established. In some areas of rat’s
brain, mRNA for both ADRATA and ADRAIB are equally expressed, while in
others one subtype predominates (Lomasney 1991).

particular attention has been paid to the expression regulation of this
receptor’>: nuclear factor 1 (NF1) has been reported to be a transcriptional
activator of ADRA1B promoter gene (Gao 1998).

At nucleotide 1165 a guanine (wild type) or cytosine was found leading to
the amino acid variation Gly389Arg which is located in the intracellular
cytoplasmatic tail near the seventh transmembrane-spanning segment. The C
allele of this polymorphisms is associated with an enhanced coupling to the
stimulatory Gs-protein and increased adenylyl cyclase activation, disturbances,
often observed in affective disorders.

This polymorphism, located in a putative G-protein binding domain might
be the basis of inter-individual differences in the pathophysiologic
characteristics or in the therapeutic response in major depression (Mason 1999).
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It was investigated for association with major depression or with the response to
antidepressant treatment in a sample of 259 patients compared to 206 healthy
controls. A tendency for a relation between CC homozygosity and a better and
even faster response to various antidepressant treatments was found, determined
by the HAMD and CGI score (P = 0.05). The patients were treated with tricyclic
antidepressants, noradrenergic and serotonergic specific agents, selective
norepinephrine reuptake inhibitors. Even if after correction for multiple testing
(Bonferroni) these results did not remain significant, these findings suggest that
the presence of the C allele might be an indicator for antidepressant treatment
response.

5.4. Dopaminergic receptors

The potentiation of dopamine transmission by antidepressant treatments, as
revealed by the increased motor stimulant response to dopamine agonists in
experiment animals, takes place after 2-3 weeks of treatment, and it is still
present 3 days, but not 10 days after treatment discontinuation. Antidepressant
treatments showed to enhance dopaminergic neurotransmission by increasing
the behavioural sensitivity to the stimulation of dopamine receptors in the
mesolimbic dopamine system, and such super sensitivity might underlie the
antidepressant therapeutic effect. The only AD that ignores the serotonin system
and acts exclusively on dopaminergic and adrenergic systems is bupropion
(Civelli 1995).

At least five different dopamine receptors were identified: D1, D2, D3, D4,
D5/D1b. Dopamine Receptor D2 (DRD2) was mapped on 11g23 (Grandy 1989).
This G-protein coupled receptor inhibits adenylyl cyclase activity. Alternative
splicing of this gene results in two transcript variants encoding different
isoforms: D2S and D2L. A third variant has been described, but it has not been
determined whether this form is normal or due to aberrant splicing. these
receptors have distinct functions in vivo; D2L acts mainly at postsynaptic sites
and D2S serves presynaptic autoreceptor functions, inhibiting D1 receptor-
mediated functions. The coding sequence is interrupted by 6 introns. The
additional amino acids present in the human pituitary receptor are encoded by a
single exon of 87 base pairs. DRD2 gene extends over 270 kb and includes an
intron of approximately 250 kb separating the putative first exon from the exons
encoding the receptor protein. D2-receptor-deficient mice are akinetic and
bradykinetic in behavioural tests and showed significantly reduced spontaneous
movements (Balk 1995).

DRD2 seems to exert a central role in the neuromodulation of appetitive
behaviours, as DRD2 knockout mice show a total suppression of rewarding
behaviour with morphine, with normal responses when food was used as a
reward. Knockout studies suggested a relevant behavioural activity of DRD2
(Balk 1995). D2-receptor-deficient animals were akinetic and bradykinetic in
behavioural tests and showed significantly reduced spontancous movements.
The human D2 receptor (DRD2) gene has been cloned and mapped to 11q22-23
(Grandy 1989).
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Itokawa et al. (1993) reported a putatively functional polymorphism causing
a structural change from Serine to Cysteine at codon 311 of DRD2 (S311C). The
signal transducing action of the DRD2 receptor following ligand binding is to
inhibit cAMP synthesis and the Cys311 variant is less effective in inhibiting it.

DRD4 showed considerable homology to DRD2 and to DRD3. Mutant mice
show to be less active than wild type controls in open field tests in both novel
and familiar environments. However, mutant mice outperformed wild type mice
on the rotarod and displayed locomotor super sensitivity to ethanol, cocaine, and
methamphetamine. Biochemical analyses indicated that dopamine synthesis and
its conversion to DOPAC were elevated in the dorsal striatum of mutant mice.
Rubinstein et al. (1997) proposed that DRD4 modulates normal, coordinated,
and drug-stimulated motor behaviours as well as the activity of nigrostriatal
dopamine neurons. Dopamine D4 receptor activation was shown to inhibit
presynaptically glutamatergic neurotransmission in the rat supraoptic nucleus
(Price 2001).

DRD4 was mapped on chromosome 11p15.5; it is one of the most variable
human genes known. Most of this diversity is the result of length and single-
nucleotide polymorphism (SNP) variation in a 48-bp VNTR in exon 3 (Van Tol
1992), which encodes the third intracellular loop of this dopamine receptor.
Variant alleles containing 2 (2R) to 11 (11R) repeats are found, with the
resulting proteins having 32 to 176 amino acids at this position. The frequency
of these alleles varies widely, the 4-fold repeat (D4.4) being most frequent.

Concerning Dopaminergic receptors, our group investigated the possible
association of the DRD2 (Ser 311Cys) and DRD4 exon 3 VNTR gene variants
with the antidepressant activity of selective serotonin reuptake inhibitors
(SSRIs). The sample consisted of 266 depressed inpatients treated with
fluvoxamine 300 mg/day, and 98 treated with paroxetine, 20-40 mg/day. The
severity of depressive symptoms was assessed weekly with the Hamilton Rating
Scale for Depression. DRD2 and DRD4 allelic resulted not associated with
response to treatments. Possible stratification factors, such as sex, diagnosis,
presence of psychotic features, depressive symptoms at baseline, paroxetine and
fluvoxamine plasma levels, and pindolol augmentation did not significantly
influence the observed results (Serretti 2001).

5.5. Serotonergic receptors

Serotonin (SHT) is found in neuronal cell bodies clustered specifically in
the brainstem. The axons of these cells, however, innervate almost every area of
the central nervous system. Beside its fundamental role in mood tone, SHT is
also involved in eating, sleeping, sexual behaviour, the circadian cycle, and
other neuroendocrine functions. In addition, the serotonergic pathway is the
main target of SSRIs, the most widely used antidepressant compounds.

There are multiple subtypes of SHT receptors, with varying affinity. They
are categorised into seven main classes (SHT1-7).

SHT2A gene was mapped on chromosome 13ql4-q21 (Sparkes 1991); it
consists of 3 exons separated by 2 introns and spans over 20 kb. When the
SHT2A receptor is stimulated by 5SHT, it causes the production of second
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messengers, modulating phosphatidylinositol production and intracellular Ca2+
flux. The activation of SHT2A receptors of medial prefrontal cortex and anterior
cingulate cortex is thought to mediate the hallucinogenic properties of LSD,
whereas in amygdala SHT2A receptor activation is a component of the response.
The SHT2A receptors may mediate some of the antidepressant effects seen in
experimental animal models of depression (Skrebuhhova 1999). Nefazodone
exerted its antidepressant effects partially through SHT2A receptor antagonism
(Hemrick-Luecke 1994).

A polymorphism in the promoter region was identified (A-1438G) which
creates an Hpall restriction site (Spurlock 1998) and associated to clozapine
response (Arranz 1998). A silent polymorphism T102C was identified by
Warren (1993) and was associated to individual responses to risperidone (Lane
2002) and clozapine (Arranz 1995).

A study was performed to investigate whether -1438G/A polymorphism in
the promoter region of the 5-HT2A receptor gene is associated with therapeutic
response to fluvoxamine in 66 Japanese patients with major depressive disorder.
Fifty-four patients completed the study, and the genotype distribution and the
allele frequencies showed no significant difference between responders and non-
responders. The time-course of the Montgomery-Asberg Depression Rating
Scale scores showed no significant difference among -1438G/G, -1438G/A, and
-1438A/A genotype groups (Sato 2002).

Our group tested the effect of SHT2A gene T102C variants on the
antidepressant activity of fluvoxamine and paroxetine in the same sample of
MAOA study (248 major and 195 bipolar depressed patients, with or without
psychotic features, see above), and we observed a marginal association between
SHT2A variants and antidepressant response (Cusin 2002). Another paper,
besides investigating association between T102C polymorphism and major
depression, tested the association with antidepressant treatment response in a
sub-sample of patients; the treatment were non standardized and the sub-sample
size was exiguous but they find an association between good response
(calculated as a decrease in HAMD 17 and CGI item 1) and the presence of C
allele (Minov 2001).

SHT6 receptor is G protein coupled and stimulates adenylyl cyclase. In the
rat it shows high affinity for several therapeutically important antidepressant
such as mianserin and clomipramine and antipsychotic drugs, particularly the
atypical antipsychotics such as clozapine. A mutant receptor in which serine 267
in the c-terminal region of the third intracellular loop was changed to lysine
shows 10-fold higher affinity for serotonin than the native receptor and
demonstrates agonist-independent activity; clozapine decreased the basal
activity of this mutated receptor to vector control levels.

Kohen et al. (1996) cloned and characterized the human serotonin SHT6
receptor gene, which encodes a 440-amino acid polypeptide and mapped to
human chromosome 1p36-p35, not far from the location of the SHT1D alpha
receptor. They showed that the receptor is expressed in several human brain
regions, most prominently in the caudate nucleus. Study of genomic clones
revealed that the open reading frame is interrupted by 2 introns in positions
corresponding to the third cytoplasmic loop and the third extracellular loop,
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respectively. SHT6 receptor antagonists seem to improve retention performance
and behavioural studies on animals implicated a role for SHT6 in cognition
enhancement: this has been supported by in vivo microdialysis studies that
showed how a selective SHT6 antagonist produce an increase in extracellular
glutamate levels in the frontal cortex.

A silent thymidine to cytosine polymorphism at position 267 (TC 267),
within the first exon of HTR6, has been identified”®. This genetic polymorphism
was investigated for association with antidepressant response in 34 Major
Depressive Disorder patients completing a 4-week treatment with various
antidepressants, administered at not fixed doses, assessed with the HAMD
before antidepressant treatment and at the end of the trial. The results provide a
lack of association between C267T genetic variants and antidepressant response
for these patients (Wu 2001).

5.6. Serotonin transporter

The brain SHT transporter (SERT) appears to be a principal site of action of
many antidepressants and may mediate behavioural and toxic effects of cocaine
and amphetamines. Its role is to take up SHT into the presynaptic neuron, which
thus terminates the synaptic actions and recycles it into the neurotransmitter
pool.

Ramamoorthy et al. (1993) identified and cloned a single gene encoding the
human SERT, localised to chromosome 17q11.1-q12. The gene spans 31 kb and
consists of 14 exons (Lesch 1994). Ogilvie et al. (1996) identified a variable
number tandem repeat (VNTR) polymorphisms. Heils et al. (1996) reported a
polymorphism in the transcriptional control region upstream of the SHTT coding
sequence (SERTPR). Initial experiments demonstrated that the long and short
variants of this SHTT gene-linked polymorphic region have different
transcriptional efficiencies. The polymorphism is located approximately 1 kb
upstream of the transcription initiation site and is composed of 16 repeat
elements. It consists of a 44-bp insertion or deletion involving repeat elements 6
to 8. Lesch et al. (1996) called it 5-HTTLPR and studying lymphoblastoid cell
lines found that the basal activity of the long variant was more than twice that of
the short form of the SHTT gene promoter. They next studied the expression of
the native SHTT gene in lymphoblast cell lines cultured from subjects with
different SHTT promoter genotypes. Cells homozygous for the 1 form produced
steady-state concentrations of SHTT transporter mRNA that were 1.4 to 1.7
times those in cells containing 1 or 2 copies of the s variant. At the protein level,
membrane preparations from 1/1 lymphoblasts bound 30 to 40% more of a
labelled marker than did membranes from I/s or s/s cells. Moreover, uptake of
labelled serotonin in cells homozygous for the 1 form of the promoter
polymorphism was 1.9 to 2.2 times that in cells carrying 1 or 2 endogenous
copies of the s variant. In all of their studies, the data associated with the s/s and
/s genotypes were similar, whereas both differed from the 1/1 genotype,
suggesting that the polymorphism has a dominant-recessive effect.

Our group performed several studies on SERPR (the new official name of
SHTTLPR polymorphism), the firs paper being published in 1998. We tested the
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hypothesis that allelic variation of the 5-HTT promoter could be related to the
antidepressant response to fluvoxamine and/or augmentation with pindolol. 102
inpatients with major depression with psychotic features were randomly
assigned to treatment with fluvoxamine and either placebo or pindolol for 6
weeks. Depression severity was assessed weekly with HAMD, and allelic
variations were detected by a PCR-based method. Data were analysed with a
three-way repeated measures analysis of variance. Both homozygotes for the
long variant (I/1) and heterozygotes (I/s) showed a better response to
fluvoxamine than homozygotes for the short variant (s/s). In the group treated
with fluvoxamine plus pindolol all the genotypes acted like 1/1 treated with
fluvoxamine alone (Smeraldi 1998). A following study analysed a wider sample
of major and bipolar depressives, with or without psychotic features, composed
by 155 inpatients treated in the same standardized method of the previous study,
and doing the same assessment of the antidepressant outcome. Also in this study
SERTPR s allele was associated with a poor response to fluvoxamine treatment,
and the diagnosis, the presence of psychotic features, and the severity of
depressive symptomatology did not influence the association (Zanardi 2001). In
a third study we investigated the persistence of the finding for another
antidepressant treatment, analysing the association of alleles at SERTPR
polymorphism with paroxetine treatment and evidencing an analogue finding
(Zanardi 2000). The s allele was in fact associated with a less favourable and
slower response, and the finding was independently replicated by Pollock et al.
(2000) who examined 95 elderly patients receiving paroxetine or nortriptyline in
a standardized treatment. Patients were treated for up to 12 weeks and assessed
weekly with clinical ratings and measurements of plasma drug concentrations;
they found a significantly more rapid mean reductions from baseline in HAMD
for patients with the 1/l genotype, despite equivalent paroxetine concentrations.
Similar findings were obtained with citalopram, in a Spanish sample (Arias
2001).

Studies performed in Asian population showed contrasting results: Kim
et al. (Kim 2000), found an association in the opposite direction, as in their
sample homozygotes subjects for the s allele showed a better response both to
fluvoxamine and to paroxetine. Two subsequent studies confirmed this result in
Asian population: one analyzed 66 Japanese patients with major depressive
disorder in a 6-week study with fluvoxamine; the short allele frequency was
significantly higher in responsive individuals than in non responsive ones
(Yoshida 2002). Conversely, the second study on 121 Chinese patients
diagnosed with major depression revealed that patients with the 1/1 genotype had
a significantly better response to fluoxetine, as evaluated on the basis of total,
core, psychic-anxiety and somatic-anxiety HAMD score percentage change,
according to the results in Caucasians populations (Yu 2002). Finally, Ito et al.
studied the association between SERTPR and response to fluvoxamine
prescribed up to 200 mg/day for 6 weeks in 66 patients with major depressive
disorder, and found no significant association either for s or for 1 variant (Ito
2002). In Asian population the results are thus very conflicting, most probably
the small sample sizes do not allow to draw a definite conclusion on the role of
the SERTPR polymorphism.
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In a recent study the presence of s allele was also associated to
antidepressant-induced mania (Mundo 2001), but this finding was not confirmed
in our data (Artioli 2002).

5.7. Nitric Oxide Syntase

Nitric Oxide (NO) is probably involved in the processes of learning and
memory, as it influences synaptic plasticity in the striatum and elsewhere. NO is
produced from its precursor L-arginine by the enzyme NO synthase (NOS),
which includes at least three distinct isoforms - neuronal (NOS1), endothelial,
and inducible NOS. The neuronal but so far not the endothelial NO syntase
isoform (NOS3) was detected in some striatal interneurons with a large axonal
arborisation. On the other hand, in the hippocampus, NOSI is localized to
GABAergic interneurons, whereas endothelial NOS is found in pyramidal
neurons.

A microdialysis study in endothelial NOS- and NOSI-deficient mice
revealed differences in NMDA-stimulated amino acid release in the striatal
probes: GABA release was reduced in eNOS-/- and not in NOS1-/- mice, while
glutamate release showed an opposite pattern (Doreulee 2003). Initial
observations indicated that male NOSI-deficient mice engaged in chronic
aggressive behaviour, not apparent among NOS1-deficient female mice or wild
type male or female mice housed together.

Relevance of the observations to human behaviour was suggested. Voltage-
dependent calcium channel antagonists have been reported to produce
antidepressant-like effects in rodents. A major target of increases in subcellular
calcium concentration is NOS which liberates NO in response to stimulation. In
addition, NOS antagonists were shown to produce antidepressant-like response
(Paul 2001). Recent studies have implicated NOS in the mechanism that
underlies the therapeutic efficacy of antidepressant medication. In addition, MD
patients were found to have significantly higher plasma nitrate concentrations
than normal subjects, an index of NO production, in comparison to normal
subjects.

The NOSI gene was mapped to chromosome 12q24.2-q24.31. In a
population-based association study, the NOS1 C276T polymorphism was
investigated for its involvement in conferring susceptibility to MD, and its
association to fluoxetine response in 114 MD patients who underwent a 4-week
fluoxetine treatment. The results demonstrate the NOS1 variants to be found at
similar frequencies in MD patients and healthy control subjects. Further, the
variants did not influence the fluoxetine response in MD patients (Yu 2003).

5.8. G-protein beta 3 subunit

G proteins are key components of intracellular signal transduction in
neurons and in all cells of the body (Neer 1995). They are trimers, whose
function depends on the ability to dissociate into an alpha monomer bound to
GTP dissociated from a beta-gamma dimmer. In the trimeric state the G protein
is inactive, and it is constitutively associated with the receptor; Chronic
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treatment with fluoxetine showed to attenuate GTP binding to gamma subunit in
the dorsal raphe nucleus of rats, thus inducing desensitisation of SHTI1A
receptors (Elena Castro 203).

Beta subunit could be subdivided into three subtypes: 1, 2 and 3. G beta3
subunit (GNB3) gene was mapped on locus 12p13, and spans 7.5 kb and is
composed of 11 exons and 10 introns. Its promoter lacks a TATA box but
harbours GC-rich regions. A polymorphism of a G-protein beta3 subunit
(C825T) has been shown to be associated with increased signal transduction and
ion transport activity (Siffert 1995); GNB3 825T variant is associated with the
occurrence of the splice variant Gbeta3s, which, despite a deletion of 41 amino
acids, is functionally active in reconstituted systems. Although the
polymorphism did not affect the amino acid sequence of the beta-3 subunit, the
T allele was associated with deletion of nucleotides 498-620 of exon 9; this was
found to be an example of alternative splicing caused by a nucleotide change
outside the splice donor and acceptor sites.

Gbeta3 polymorphism was associated with response to AD treatment in 88
depressive patients (10 bipolar disorder, 78 major depression) compared with 68
schizophrenic patients and 111 healthy controls. A statistical significant
association was found between TT homozygosity and response to various AD
treatments after four weeks (Zill 2000). In our centre we could replicate this
finding in a sample of 490 subjects, bipolars and major depressives, treated with
SSRIs fluvoxamine and paroxetine. Subjects with Gbeta3 T/T variants showed
better response to treatment (p=0.009) and this effect was independent from
analysed demographic and clinical variables (Serretti 2003). These are to our
knowledge the first studies investigating association between a polymorphism in
a molecule involved in intracellular signal transduction pathway and AD action.

5.9. Angiotensin Converting Enzyme

Angiotensin I-converting enzyme, or kininase II, is a dipeptidyl
carboxypeptidase that plays an important role in blood pressure regulation and
electrolyte balance. Although angiotensin-converting enzyme has been studied
primarily in these contexts, this widely distributed enzyme has many other
physiologic functions. The ACE gene encodes 2 isozymes (Ramaraj 1998).

Ehlers et al. (Ehlers 1989) determined the cDNA sequence for human
testicular ACE, identical, from residue 37 to its C terminus, to the second half or
C-terminal domain of the endothelial ACE sequence. The inferred protein
sequence consists of a 732-residue preprotein including a 31-residue signal
peptide. Using a DNA marker at the growth hormone gene locus, which they
characterized as ‘extremely polymorphic’ and which showed no recombination
with ACE, Jeunemaitre et al. (1992) mapped ACE to 17q22-q24.

After the ACE gene was cloned, it was shown that 50% of the
interindividual variability of plasma ACE concentration is determined by an
insertion (I)/deletion (D) polymorphism situation in intron 16 of the ACE gene
and known as the ACE I/D polymorphism (Rigat 1990), with the D allele
showing dominance rather than codominance relative to the I allele (Jeffery
1999).
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Angiotensin-converting enzyme (ACE) inhibitor has mood-elevating effects
(Vuckovic 1991), and central ACE activity is increased for suicidal patients
(Arregui 1979). In addition, substance P (SP), which is degraded by ACE, has
been implicated in the pathogenesis of depressive symptoms (Arinami 1996) and
evaluated in the treatment for MD (Kramer 1998).

A study on 99 Caucasians unrelated patients with MD and 99 age- and sex-
matched healthy controls from the general population, rated with the Hamilton
rating scale for depression (HAM-D17) and the clinical global impression scale
(CGlI, Item 1 - severity of disease) and receiving different treatments (tricyclic
anti-depressants, mirtazapine, selective serotonin reuptake inhibitors,
venlafaxine, electroconvulsive therapy, repetitive transcranial magnetic
stimulation and combinations, found that after 4 weeks of treatment, D-allele
carriers showed significantly lower HAM-D17 scores, remitted more often and
had a significantly shorter duration of hospitalisation. Also, the number of
treatment alterations during hospitalisation was significantly higher in 1/I-
genotypes. Thus, the D-allele might positively influence the onset of therapeutic
efficacy, while homozygosity for the I-allele seems to be associated with
delayed response (Baghai 2001). Another recent study has tested the hypothesis
that an ACE-gene I/D polymorphism could be associated with antidepressant
response in 58 MD patients treated with venlafaxine slow-release 75mg or
fluoxetine 20 mg, not replicating the previous finding (Hong 2002).

5.10. Interleukin 1-beta

Interleukin-1, produced mainly by blood monocytes, mediates the host
reactions of acute phase response. It is identical to endogenous pyrogen. The
interleukin-1 (IL-1) complex consists of 3 linked genes mapping to chromosome
2q13-14 that encoding the secreted glycoproteins IL-1, IL-1, and IL-1 receptor
antagonist (IL-1Ra). All three molecules bind to IL-1 receptors. Auron et al.
(1984) isolated human IL1 cDNA, while Webb et al. (Auron 1985) assigned the
IL1 gene to chromosome 2q13-q21. IL1B was assigned to the end of 18q (Le
Beau 1986). Patterson et al. (1993) assigned the ILIRN gene to 2q14.2, mapping
the human genomic region containing the 3 related genes (Patterson 1993).

Owen et al. (2000) report elevated plasma concentrations of interleukin-1
(IL-1) in major depression and post-viral depression. Previously it has been
reported that the production rate of IL-1 is increased in dysthymia and major
depression (Maes 1993; Anisman 1999 and 2002); thus, increased production of
IL-1 and other proinflammatory cytokines may provide a mechanism for the
psychological and organic etiologies of the disease. The acute stage of unipolar
and bipolar depression is accompanied by activation of the inflammatory
response system (IRS), with an increase in the number and percentage of
peripheral blood leukocytes, neutrophils and activated T cells, increased
neopterin secretion in serum and urine, an increased production of
prostaglandins in plasma or cerebrospinal fluid (CSF), and the presence of an
acute phase response (Maes 1999).

IL1 has behavioural effects, and may induce a behavioural complex in
female rats, called sickness behaviour, characterized by loco-motor retardation,
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sleep disorders, soporific effects, anorexia, weight loss, hyperalgesia, decreased
social exploration, and inhibition of sexual behaviour (Maier 1998). The
mechanisms whereby IRS activation may induce depression is still not known,
but it is hypothesised that modulation of the HPA-axis activity, with increased
corticotropin-releasing hormone (CRH) secretion, and modulation of the
serotonergic turnover may be involved.

Prolonged desipramine administration (seven and 28 days) significantly
increased the bioactivity of IL-1 (Kubera 2000), and several lines of evidence
indicate that brain cytokines, principally IL-1beta and IL-1 receptor antagonist
may have a role in the biology of major depression, and that they might
additionally be involved in the pathophysiology and somatic consequences of
depression as well as in the effects of antidepressant treatment (Licinio 1999).

Four SNPs have been reported in the IL-1 gene: -31C/T (promoter),
-511C/T (promoter), +3954C/T (exon 5) and A/G (intron 4) at position 5810 (Di
Giovine 1992; Pociot 1992; Guasch 1996). The -31 SNP is in strong linkage
disequilibrium with the -511 SNP !48. The association of the biallelic
polymorphism -511C/T, located in the promoter region of the IL-1beta gene, to
fluoxetine response was studied in 119 MD patients who received a 4-week
fluoxetine treatment. MD patients who were homozygous for the -511T allele of
the IL-1beta gene had a trend of less severity of depressive symptoms and more
favourable fluoxetine response than -511C carriers (Yu 2003).

6. PERSPECTIVES
6.1. New approaches in molecular studies

Molecular genetic techniques are changing very rapidly. Until recently, few
hundreds evenly spaced markers on the whole genome were used for genome
scans, but it has been shown that disequilibrium may be not detectable for
distances larger than 60 kb, or even less in hot regions (Ardlie 2002). This
leaded to the use of the single nucleotide polymorphism (SNP), the most
abundant type of polymorphism in the genome. SNPs occur about once every
1000 base pairs, there are thus more than 3 million of them in the genome.

Performing simultaneously large numbers of SNP genotypes using “gene
chips” (Lipshutz 1999; Service R.F. 1998; Shoemaker 2001), which are small
slides where thousands of genes may be analysed at time, a lot of information
could be collected. Despite their potential usefulness, their use is still limited by
the high costs (about 1000 USD each) and the lack of adequate statistical
analysis for the large amount of data they provide. In fact a simultaneous
analysis of thousands of genes, many of which are non functional or which are
not related with the trait under analysis, leads to an unacceptable risk of false
positive findings.
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6.2. Research strategies

The emergence of pharmacogenetics will require advances in the selection
of appropriate candidate genes. Such genes are to be sought for among those
related to the mechanism of drug action and illness pathophysiology.

Drug response is just as complex as disease genetics, resulting not only
from underlying genotypic variation at several mostly unknown loci, but also
from variation in gene expression, post-translational modification of proteins,
drug dose, drug interactions, diet, and other non-genetic factors. Therefore, we
expect to see relatively slight effects of individual genes regarding drug response
as well. In fact, pharmacogenomic markers reported on to date confer only about
a twofold increased likelihood of response (Poirier 1995; Drazen 1999).

The pharmaceutical industry has the potential to apply pharmacogenomics
strategies; pre-marketing studies could include genetic analyses in order to
identify both whether a compound is clinically effective and for whom it is
likely to be most effective (Pickar 2001).

6.3. Genetic counseling

Genetic counseling (GC) evolved with the aim to collect information about
families burdened by some disease, to estimate and to communicate the risk of
contracting it. In last years, the applications of GC have become increasingly
wider, due to the possibility of DNA-level genetic test and to the knowledge
deriving from the Human Genome Project.

The purposes of contemporary GC are formulated as strongly non-directive.
The objectives are to provide a possibly neutral information, to protect and
promote the personal autonomy, to help the individuals directing their lives in
accord to their own liking. For long time, GC has been a rather uncommon
practice for clinicians, concerning only rare conditions in especially burdened
“risk-families”. However, due to the fast development of technologies, genetic
test and GC will soon be utilised for a much larger population and for a wider
spectrum of conditions.

With the completion of the SNP map of the whole genome, it could be
possible to enhance the power of genetic studies. Several genotyping platforms
have been developed, including nucleic acid hybridisation on filter (Orr 2002),
gene chips (Anthony 2001), single strand conformational polymorphism
(Nataraj 1999) and primer-extension methods (Kwok 2000), but at present the
expensiveness of these technologies makes their large scale use impossible. In
the future they may potentially allow rapid and cost effective screens for all the
possible mutation and sequence variation in genomic DNA.

Maybe it will not address on traditional genetic counseling targets, because
heritability of the disease is complex and influenced by many variables. It could
be rather addressed on the direction to make prediction about drug response and
adverse effects, to choose the most appropriate and effective treatment for each
schizophrenic patient.

In a future, a kit for genetically determined characterisation of MD would
be developed, involving multiple genes relevant to the disease characteristics



DEPRESSIVE DISORDERS 63

and to the therapeutic outcome. This fact could lead to the selection of the
medication and dosages, to minimise adverse effects and to reduce the overall
direct treatment costs, with a considerable improvement of the quality of life and
other functioning aspect (Kawanishi 2000).

6.4. Ethical issues

A great deal of works and books have been written about the ethics of
genetic studies, including issues surrounding informed consent, DNA storage
and communication of information regarding genetic features of individuals.
The study of psychiatric disorders represents a particular challenge for the
uncertain and complex nature of its pathogenesis and the stigma surrounding
mental health. The particular nature these disorders, which give an emotional but
also a cognitive impairment rises problems concerning the freedom of choice
and the accessibility of information, the basic features for informed consent.
Currently, from an ethical and legal perspective an individual with a psychiatric
diagnosis is nor necessarily deemed to be incompetent, to lack the capacity to
give informed consent or to oppose a refusal to participation in a genetic study.

The general greater paternalism in the research environment is justified by a
lot of reasons. Nevertheless, it should leave some place to a general favourable
opinion for a research made to follow the wellbeing of the human community,
instead of worrying excessively about the privacy of the single person.
Basically, the human community is made of single individuals, who should take
benefit of the science conquests, even if the price to pay is to give up a little bit
of their privacy. In fact, recent views about ethical principles of research makes
wish of this new trend, by underlying the importance of research for the future
of psychiatric treatments (Forster 2001; Human 2001; Ramsay 1999).
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7. TABLE
Table. Pharmacogenetic studies on major depressive disorder treatments

Ref. Gene Drug Results

103 SERTPR Fluvoxamine 1 allele subjects were more likely to
respond (p=0.017)

104 SERTPR Fluvoxamine 1 allele subjects were more likely to
respond (all sample p=0.029 - without
pindolol p=0.002)

105 SERTPR Paroxetine s allele associated with less favourable and
slower response (p<0.001)

106 SERTPR Paroxetine s allele associated with slower response
(p=0.028)

108 SERTPR Fluoxetine, s/s genotype showed better response

SERT-VNTR Paroxetine (p=0.007)
(intron 2)

109 SERTPR Fluvoxamine s variant more frequent in responsive
individuals than in non responsive

107 SERTPR Citalopram s/s genotype was significantly more
frequent in no remission group (p=0.006)

111  SERTPR Fluvoxamine No association

110 SERTPR Fluoxetine /1 genotype shows a better response (p=0.013)

112 SERTPR SSRI, TCA Patients with manic or hypomanic
episodes induced by AD treatment had an
excess of s alleles (p<0001)

63  TPH A218C Fluvoxamine  A/A genotype was associated with slower
response (no pindolol p=0.001)

64  TPH A218C Paroxetine A/A and A/C genotypes were associated
with slower response (no pindolol p=0.005)

65 MAOA VNTR, Fluvoxamine No association in a Japanese sample

TPH A218C
71 MAOA VNTR Moclobemide No association
72 MAOA VNTR, Fluvoxamine, Marginal association between SHT2A C
SHT2A T102C paroxetine variants and AD response; No association
with MAOA genotypes

95  SHT2A T102C Various ADs  Association between C variants and AD
response

94  SHT2A -1438G/A  Fluvoxamine No association

97  5HT6 C267T Venlafaxine, No association

fluoxetine
85 DRD2 S311C, Fluvoxamine, No association
DRD4 VNTR paroxetine

132 ACEI/D Venlafaxine, = No association

polymorphism Fluoxetine

131 ACEI/D Various ADs D allele associated with better outcome

polymorphism

120  G-protein beta3 SSRI, TCA, TT homozygous associated with response

C825T ECT, (p=0.01)

combinations
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Table (continued): Pharmacogenetic studies on major depressive disorder
treatments

Ref Gene Drug Results
121 G-protein beta3 ~ Fluvoxamin TT homozygous associated with response
C825T e, paroxetine (p=0.009)
164 ADRBI1 G1165C TCA SSRI, tendency for association between CC
homozygosity
NARI, NSRI and better and faster antidepressant response
116 NOS C276T Fluoxetine ~ No association
polymorphism
149 IL-1beta C-511T Fluoxetine  homozygous for the -511T allele had a trend of
polymorphism more favorable fluoxetine response
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4. PHARMACOGENETICS OF BIPOLAR
DISORDER

Pierre Oswald, Daniel Souery, Julien Mendlewicz

1. INTRODUCTION

Writers of Ancient Greece already used the terms mania and melancholia to
describe what we consider now as bipolar disorder, but in a broader sense
(Gouveritch, 1994; Cookson, 2002). Mania was considered as a chronic disease
with agitation and delusion, as opposed to frenzy (“phrenitis”), which is a more
acute disease with fever. The concept of melancholia included two characteristics,
sadness and fear. Hippocrates (5" century BC) argued that “if fear and sadness
persist, it is a melancholic state”. But the first author to consider that melancholia
and mania could be two manifestations of the same disease is Aretacus of
Cappodocia, in the 2th century AC: “After a despondency phase, an improvement
could sometimes happen: most of the people become joyful but the others become
manic”. In the Middle Ages, mental illness was more associated with supernatural
forces but physicians still continued to use the same nosology as in the Ancient
Greece. With the Renaissance and during the Age of Enlightenment, clinical
science began to re-emerge. In the 19™ century, considerable advances were made
in the nosography of manic and depressive states. Falret described the so-called
“folie circulaire” in 1854, recognizing that mania and depression could occur
during the same episode. From 1893, Kraepelin introduced the concept of manic-
depressive insanity (“manisch-depressives irresein”), distinguished from dementia
praccox. Based on clinical observation, longitudinal course and family history,
Kraepelin envisaged a real continuum between manic and depressive states.
Bleuler (1920) used the term “affective illness” to describe the condition. This
unitary vision dominated psychiatry until the late 1960s. Since then, following
the works of Leonard and Angst, the bipolar-unipolar dichotomy replaced
the traditional nosography of Kraepelin in formal classification systems, such as the
Diagnostic and Statistical Manual for Mental Disorders, fourth edition (DSM-1V,
American Psychiatric Association, 1994) and the International Classification of
Diseases, tenth edition (ICD-10). Besides this evolution, there is a considerable
need for improved treatments for the different phases of the disease. Lithium
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discovery in the late 40s was considered as a revolution in the psychiatric field.
For the first time, it was possible to stabilize bipolar patients and to allow them a
social insertion. But the response remained difficult to predict. Some people were
largely improved, but some others not. Until now, the response to the current
mood stabilizers is not optimal in terms of recurrence or side -effects.
Pharmacogenetics represents thus a considerable hope for many clinicians and
patients in its possibility to understand why some people are able to respond and
why some others will never respond to one or another mood stabilizer.

2. THE CLASSIFICATIONS OF BIPOLAR DISORDERS

The DSM-IV distinguishes between Bipolar I Disorder (BPAD I), Bipolar II
Disorder (BPAD II), Cyclothymic Disorder and Bipolar Disorder Not Otherwise
Specified. BPAD 1 is defined as episodes of mania (with or without major
depressive episode) and BPAD II as recurrent episodes of major depression with
hypomanic episodes. Cyclothymic Disorder is defined as the presence, for at
least 2 years, of numerous periods with hypomanic symptoms and numerous
periods of depressive symptoms that do not meet criteria for major depression.
The Bipolar Disorder Not Otherwise Specified includes disorders with bipolar
features that do not meet criteria for any specific bipolar disorder. In addition to
manic, hypomanic and major depressive episodes, the DSM-IV describes
“mixed episodes” where the criteria are met both for a manic episode and for a
major depressive episode. The term of “dysphoric mania” has been proposed
since phenomenologic studies have shown that patients with mania experience
irritability, depressed mood and mood lability, as often as euphoria (Goodwin
and Jamison, 1990). Moreover, if the patient has four or more affective episodes
in a year, they are considered as rapid-cycling patients. Ultra-rapid cycling
describes four or more episodes in a month. Finally, ultradian cycling represents
mood changes within the same day.

DSM-IV also proposes additional specifiers, describing severity, clinical
type and the longitudinal course. BPAD may thus be: mild, moderate, severe
without psychotic features, severe with psychotic features, in partial remission,
in full remission; with catatonic features; with post-partum onset. If the most
recent episode is depressive, it may be chronic, melancholic or with atypical
features. The longitudinal course specifiers are: with or without full inter-
episode recovery, with a seasonal pattern, or with rapid-cycling.

More recently, novel approaches have been proposed in the nosography of
BPAD to take into account subthreshold syndromes in the so-called bipolar
disorder spectrum from pure mania to depression (Zurich criteria). Angst
distinguishes three subtypes of BPAD I: pure mania, predominantly manic
bipolar I disorder and the nuclear form of bipolar I with severe mania and severe
depression (Angst and Gamma, 2002). Besides the BPAD II group lies the group
of minor bipolar disorder, defined by the combination of mild depression with
hypomania or hypomanic symptoms. Applying the Zurich criteria, Angst
suggests that approximately half of all patients suffering from major depression
may have been misdiagnosed and are likely to be suffering from BPAD II.
These findings have important consequences in the treatment and the outcome of



PHARMACOGENETICS OF BIPOLAR DISORDERS 71

affective disorders. In the same effort to return to Kraepelin’s broad concept of
manic-depressive spectrum, Akiskal and Pinto (1999) have proposed further
subtypes of bipolar disorder. In addition to bipolar I and II subtypes, Bipolar I'4
is defined as depression with protracted hypomania (causing some trouble to the
patient without the destructive potential of mania). Bipolar 11% is the alternance
of major depressive states and short hypomanic symptoms (cyclothymic
depressions). Bipolar III is represented by the antidepressant-associated
hypomania. Bipolar III% is the bipolarity masked by stimulant abuse. Finally,
Bipolar IV subtype is the hyperthymic depression. One of the major finding
from these approaches reveals that many patients considered as unipolar
affective disorder (UPAD) patients are in reality part of the bipolar spectrum.

3. BURDEN AND OUTCOME OF BIPOLAR DISORDER

BPAD are chronic disorders with a high rate of recurrence and relapses.
More than 90% of individuals who have a single manic episode will have future
episodes (Hopkins and Gelenberg, 1994). Ten to 15% of patients will have more
than 10 episodes in their life. Bipolar disorder is therefore one of the leading
causes of disability which contributes to the important economic burden of
bipolar disorder to society. Patients with BD suffer great losses in productivity,
with more bed rest and absenteeism days (see Pini et al., 2005 for review). The
economic burden was estimated in a cost-to-illness study around US$45 billion
in 1991 in the USA, representing 70% of the annual cost of schizophrenia
(Wyatt and Henter, 1995). Worldwide, bipolar disorder is listed as the sixth
leading cause of disability (Murray and Lopez, 1996).

The lifetime prevalence of BPAD, based on the DSM-IV criteria, is ranging
from 1,3% to 1,6% with a sex-ratio around 1 (Weissman et al., 1996). The peak
age of onset seems to fall around 20 yo in Hungary (Szadoczky et al., 1998),
from 18 to 23.8 yo in Germany (Wittchen et al., 2003) and 25 yo in Australia
(Morgan et al., 2005). The age of onset of manic episodes is usually 6 to 8 years
before depressive episodes. There is often a 5 to 10 years interval before correct
diagnosis is obtained. After a first episode of mania, most of the patients show a
low functional recovery. Although the overt symptoms are relatively well
controlled, continued impairments in the overall quality remain. This fact con-
cerns both BPAD I and BPAD II. BPAD II has been considered for a long time
as a minor expression of the classic BPAD 1. Recently, important studies have
focused on the natural history of BPAD II. Judd et al. (2003) have followed a
cohort of BPAD II patients during a mean of 13.4 years of prospective follow-
up. They showed that patients were symptomatic 53.9% of all follow-up weeks.
Most important, depressive symptoms (50,3% of the weeks) dominated the
course over hypomanic (1,3% of the weeks) and cycling/mixed (2.3% of the
weeks) symptoms. They concluded that BPAD II is a chronic disease with a high
rate of major depressive episodes but also periods involving minor or
subsyndromal symptoms, as already suggested by Angst and Akiskal (see above).

One of the major concerns about BPAD remains the suicide risk. According
to epidemiologic studies, at least 25% of patients with BPAD attempt suicide
and 10% to 15% will complete suicide, explaining in part the fact that the
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mortality rate of the disease is two to three times higher than that of the general
population (Jamison, 1998). Furthermore, the rate of suicidal behavior among
BPAD patients (including BPAD I and BPAD 1) is significantly higher than
that of UPAD patients. Rihmer and Pestality (1999) have combined
epidemiologic studies on the suicide risk in UPAD, BPAD I and BPAD II. They
found that the lifetime history of suicide attempts is significantly higher in
BPAD II patients than in BPAD I patients. When considering suicide completers
among a population of BPAD and UPAD patients with primary major
depression at the time of their suicide in two independent studies, Rihmer and
Pestality found that 46% in the first study and 36% in the second study had a
diagnosis of BPAD II (compared to 1%-8% of BPAD I patients and 53%-56%
of UPAD patients). Given the fact that the lifetime prevalence rate of BPAD II is
relatively lower than UPAD, the authors suggested that BPAD II represented a
high risk of completed suicide among the population of primary major mood
disorder. Because of the high risk of recurrence and suicide, long-term
prophylactic treatment is indicated.

4. TREATMENT OF BIPOLAR DISORDERS

Ideally, successful treatment should treat both mania and depression,
prevent recurrence, and improve quality of life between episodes. But, in the
reality, the features of BPAD make it a challenging illness to manage.
Pharmacologic treatment is further complicated by the risk of inducing mood
changes (“switches”). We will here briefly review the current available
strategies for the acute management of BPAD and the long-term treatment
(maintenance treatment) (table 1 [modified]).

Table 1: Current Treatment Strategies in BPAD (based on international
guidelines and expert consensus)

First-line Adjunctive Alternative
Treatment Treatment Treatment
e Lithium '
e  Valproate * Atypical (or
e  Carbamazepine classical) ECT'
A h
(Hypo)Manic e  Atypical ntipsychotics
Episode Antipsychotic e Benzodiazepines
e Lithium gt
. e Valproate e  Atypical antpsychotic
Maintenance e Cab . antisvchotics alone
Phase ar am.az.epme psy (olanzapine)
e Lamotrigine
Antidepressants
Depressive Lithium Lamotrigine Atypical ECT'
Episode Antipsychotics

"ECT: Electroconvulsivotherapy
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4.1. Acute Episode: Manic and Mixed States

Lithium remains the golden standard treatment in acute mania. Data from
randomized, controlled trials found lithium to be significantly more efficacious
than placebo in the reduction of manic symptoms (for review see Keck et al.,
2000a). In addition, when comparing lithium to typical antipsychotics, lithium
showed comparable efficacy in reducing both manic and psychotic symptoms.
More specifically, lithium as monotherapy is generally effective in mild to
moderate mania and in euphoric mania (Prien et al., 1972; American Psychiatric
Association, 2002). On the other side, patients with prominent depressive
symptoms during mania (mixed state) have lower acute antimanic response rates
to lithium than patients without these features (Swann et al., 1997). In acute
manic or depressive episodes, lithium should be initiated at higher doses than in
prophylactic treatment to reach serum concentrations of 1.0-1.2 mmol/L. In
addition, benzodiazepines, such as clonazepam and lorazepam, are often
required before a therapeutic effect of lithium is reached. In case of severe or
psychotic mania, a combination with antipsychotics is required. Carbamazepine
is also widely used in the treatment of mania. Efficacy of carbamazepine was
assessed in several controlled trials (Ballenger and Post, 1978; Okuma et al.,
1979; Grossi et al., 1984; Lerer et al., 1987; Small et al., 1991; Keck et al.,
1992). It may cause ataxia and vertigo when high-dose treatment is initiated but
the sedative effect might be an advantage. Valproate has been shown to be
effective in the treatment of acute mania in 10 controlled trials (for review,
see Keck et al. 2000). High-dose treatment is usually well tolerated and, unlike
carbamazepine, this drug does not interact with other medications. Valproate
seems to show a better efficacy in mixed and dysphoric manic states (Bowden
et al., 1994). Finally, valproate is also recommended in rapid-cycling patients. In
Europe, antipsychotics are traditionally preferred to lithium, carbamazepine and
valproate and are considered as the cornerstone of treatment of acute mania.
Newer (“atypical”) antipsychotics, such as olanzapine, risperidone, quetiapine
and ziprasidone (See Vieta and Goikolea, 2005 for review), have shown efficacy
alone in the treatment of acute mania Olanzapine has been shown to be effective
in acute mania on the pivotal Young Mania Rating Scale at 3 weeks (Tohen et al.,
1999) and at 4 weeks (Tohen et al., 2000). Risperidone, in monotherapy or as
adjunctive treatment, has well established antimanic properties with an early
response (Hirschfeld et al., 2004; Khanna et al., 2005). Quetiapine was
evaluated in mania and was found also to be effective (See Vieta and Goikolea,
2005 for review). Atypical antipsychotics are useful in combination with lithium
or valproate (Goodwin, 2003). Finally, in refractory severe mania, electro-
convulsivotherapy remains the treatment of choice (Keck et al., 2000).

4.2. Acute Episode: Bipolar Depression

The treatment of acute bipolar depression has been largely ignored during
the last 20 years. Lithium is the most studied medication in this indication.
Pooled results from the few controlled trials found than one third of patients had
marked improvement in depressive symptoms with lithium and 80% had at least
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partial improvement (Zornberg and Pope, 1993). Most studies investigating the
efficacy of antidepressants have been found to be effective in the treatment of
bipolar depression. Most trials, conducted in the 80s and the 90s, investigated
the efficacy of tricyclic agents and monoamine oxidase inhibitor (Zornberg and
Pope, 1993). More recently, fluoxetine and paroxetine have been reported to
reduce depressive symptoms when administered in combination to lithium
(Cohn et al., 1989; Nemeroff et al., 2001). However, controlled trials
investigating the usefulness of antidepressants in bipolar depression remain
sparse and neef further studies. Mood switches into mania, hypomania and
mixed states are the major risk when administrating antidepressants. The extend
of this complication remains unclear (Altshuler et al., 2003; Gijsman et al.,
2004). Recent data have shown that the fluoxetine-olanzapine combination was
more effective in bipolar depression than fluoxetine alone with a lower risk to
switch into hypomanic, manic or mixed states (Tohen et al., 2003). If replicated
this finding may confirm the benefit of combining an SSRI and an atypical
antipsychotic in minimizing the risk of switch. More recently, interesting
findings have raised questions on the antidepressant-induced mania or
hypomania (Altshuler et al., 2003). In this study, the authors argued that early
antidepressant treatment discontinuation is more associated with depressive
relapse. Given the morbidity associated with subsyndromal or major depression,
it is recommended to prolong the antidepressant treatment even if the risk of
switches is present in some cases.

Encouraging data from large, multicenter randomized, placebo-controlled
trials have shown that an antiepileptic agent, lamotrigine, was superior to
placebo in the reduction of depressive symptoms in BPAD I patients (Calabrese
et al., 1999; Goldsmith et al., 2003). In addition, there was no significant
induction of mood switches. Lamotrigine has been recently recommended as a
first-line treatment in bipolar depression by the American Psychiatric
Association (APA). However, recent reports of pooled studies did not reach
significance of superior efficacy of lamotrigine to placebo (Hirschfeld et al.,
2005). Finally, quetiapine in doses of both 300mg and 600mg a day showed a
significant separation from placebo from week one to week 8 on the pivotal
MADRS scale in a population of bipolar I or II with a major depressive episode
(Calabrese et al., 2005). The important data must be confirmed but may imply a
putative specific antidepressive efficacy of quetiapine.

4.3. Maintenance Treatment

The prevention of mood episodes is the most important goal in the long-
term treatment of BPAD. Currently, lithium is the only medication with a FDA-
approved indication, although newer compounds are frequently used in this
purpose. Evidences from randomized placebo-controlled trials in the 1960s and
1970s have shown that lithium reduced the rate of recurrence by 4-fold over
placebo after one year of treatment (Keck et al., 2000b). Several meta-analyses
confirmed these data later (Baldessarini et al., 2002; Geddes et al., 2004).
Unfortunately, many patients do not respond completely to maintenance
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treatment with lithium. One of the reasons seems to be the high rate of
psychiatric comorbidity (substance abuse, psychotic features and medication-
induced switches). The lack of compliance is also suggested. In addition, genetic
component may also play a role in treatment response. The relatively high rate
of unsatisfactory response to lithium has induced a broadening of treatment
options and the emergence of anticonvulsivants. Carbamazepine is effective in
long-term treatment, but interactions with other medications may limit its use
(Denicoff et al., 1997; Greil et al., 1997). The efficacy of valproate in the
maintenance treatment was investigated in one large, placebo-controlled, lithium
comparison study (Bowden et al., 2000). No significant difference in time to
relapse over 1 year was observed between valproate and lithium. Lithium,
carbamazepine and valproate show a high rate of side effects which may limit
their use (table 2). More recently, atypical antipsychotics have focused interest.

Table 2: Brief overview of side effects of lithium, valproate and
carbamazepine

Lithium Valproate Carbamazepine
Polyuria, Polydipsia 4 - -
Hypothyroidism 4= - -
Nausea, Vomiting, Diarrhoea == -+ ++
Hepatotoxicity = - o
Sedation ++ + 4+
Asthenia, Dizziness = A+ ++
Ataxia 4 + ++
Tremor, Parkinsonism ++ ++ +
Decreased cognition, + - 4
Incoordination
Weight Gain e ++ -
Oedema 4= - -
Psoriasis, Acne, Allergic ++ - +
Reaction
Alopecia - ++ :
Teratogenicity + + 5
Haematological abnormalities + +
Hyponatremia - - +

+ rare; ++ frequent; +++ very frequent
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Results from open, placebo-controlled studies on risperidone, olanzapine and
clozapine suggest a prophylactic effect, when prescribed as adjunctive treatment
to classical mood stabilizers or in monotherapy (Tohen et al., 2004; 2005). One
of the major side effects remains the weight gain which can contribute to the
lack of compliance and an early treatment discontinuation. Lamotrigine also
showed encouraging results when compared to placebo in maintenance relapse
prevention in patients with rapid cycling BPAD I and BPAD II in a 6-month
trial (Calabrese et al., 2000) and more recently in larger trials in recently manic
and depressed patients (Calabrese et al., 2003; Goodwin et al., 2004). These
results suggest that lamotrigine may a have depression prevention effect, but not
a manic prevention effect. Lamotrigine has a few side effects, does not increase
weight and has no medication interactions (Yatham et al., 2002b). In clinical
practice, it is often necessary to combine different mood stabilizers, mood
stabilizers and antidepressants or mood stabilizers and atypical antipsychotics.
This fact is consistent with the disappointment of many clinicians when facing
the lack of response, the importance of side effects in the long-term treatment of
bipolar disorder.

5. RESPONSE TO MOOD STABILIZERS IN FAMILY STUDIES
As it is now, it remains difficult to predict who will respond to lithium and
who will not. At a clinical level, some predictors of favourable long-term

response to lithium have been studied and recently reviewed by Serretti (2002a,
table 3). Besides clinical features, there is evidence of a genetic component in

Table 3: Clinical predictors of favourable long-term response to lithium

1. A typical symptomatology of mood disorders and the absence of
comorbidity with other DSM-IV axis I disturbances (e.g., substance
abuse or mental retardation)

2. Presence of retarded-endogenous symptomatology profile, i.c.,
characterised by psychomotor inhibition, diurnal variation,
neurovegetative symptomatology, though this is not an univocal finding

3. Presence of psychotic features, such as auditory or (less frequently)
visual hallucinations, that for their content may be considered mood-
congruent (e.g., guilt)

4. An initial response during the first 6 - 12 months of lithium, even if this

evaluation should not be considered a predictor because it is not

available at the beginning of treatment

Female sex

Absence of personality disorder

7. Good social adjustment, even if social adjustment could influence
directly the disease time course therefore producing a spurious
association

8. A peculiar sequence of episode characterised by the mania-depression
normal interval

9. Early start of treatment

AN W

(reproduced with kind permission of Ashley Publications) (Serretti, 2002a)
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the response to mood stabilizers based on family studies. A substantial number
of studies have focused on the role of genetic factors in the response of BPAD
patients to prophylactic treatment with lithium. Lithium has been extensively
studied compared to other medications in this type of studies because of the
stable dose and the fact that many relatives received the same agent.

5.1. Family Studies of Lithium Response and Non Response

The first studies on the relationship between response to lithium and family
history have been published in the 1970s, supporting an association between a
family history of BPAD and satisfactory response to treatment. Mendlewicz
et al. (1973) first reported a study of 36 patients through a double blind study of
lithium prophylaxis. They found that 66% of the responders to lithium had at
least one first-degree relative with BPAD, and that only 21% of the lithium non
responders had a first-degree relative with BPAD. Several family studies have
confirmed the initial results from Mendlewicz et al. (1973). Zvolsky et al. (1979)
compared a sample of 26 responders to a sample of 17 non responders. They
found higher rates of psychiatric disorders in first-degree relatives of responders
compared with first-degree relatives of nonresponders. Mendlewicz et al. (1979)
examined forty-two pairs of monozygotic twins (n = 25) and dizygotic (n = 17)
with BPAD. Concordant twins as a group showed better lithium prophylaxis
than do discordant twins. Grof et al. (1994) investigated morbidity risks of
BPAD and schizophrenia in first-degree relatives of BPAD responders and
nonresponders to lithium. They found an increased risk of BPAD in families of
responders and an increased risk of schizophrenia in families of nonresponders.
Some other studies were unable to find an association between family history
and lithium response but they were based on indirect diagnostic information and
not on interview with as many relatives as possible (Dunner et al., 1976; Misra
et Burns, 1976; Strober et al., 1988; Alda, 2002). More recently, Engstrom et al.
(1997) conducted a study on the frequency of episodes during lithium treatment.
Interestingly, they found that the patients without a family history of BPAD had
fewer episodes on lithium compared with those with a family history of BPAD.
Coryell et al. (2000) studied psychiatric morbidity in relatives of probands
subdivided according to their frequency of episodes in the course of prophylactic
lithium treatment (low-medium-high). No difference was found between the
three groups on the rates of BPAD in families of probands. Those last two
results can not be considered as contradictory with previous studies. As argued
by Alda (2002), it is impossible to compare 2 different phenotypes: frequency of
episodes and response to lithium. Furthermore, BPAD is more largely diagnosed
since the 1990s, increasing, maybe falsely, the morbidity risk in relatives (Grof
et al., 1995; Alda, 2002). Those results can be interpreted in two ways. First,
response to lithium can be considered as a specific phenotype, with a higher
family loading. Therefore, linkage studies could be applied in these family
samples. Second, we can consider that lithium responsiveness is a familial,
pharmacogenetic trait.



84 P. OSWALD ET AL.

5.2. Lithium Response as Phenotype

Rather than comparing the rate of BPAD in relatives of lithium responders
and nonresponders, some studies have focused on lithium responsiveness alone
as phenotype in genetic studies (Lerer and Macciardi, 2002). This type of study
is difficult to perform, because many affected subjects taking the same mood
stabilizer for a long time must be recruited within the same families. For
example, Grof et al. (2000) reported a higher response rate to lithium (67%) in
the relatives of bipolar probands considered as lithium responders than in a
comparison group (30%). This finding confirms the earlier report from McKnew
et al. (1981) suggesting that children of bipolar lithium responders have a
response concordant with that of their parents.

5.3. Other Mood Stabilizers

Studies are lacking showing a family component in the response to
carbamazepine and valproate. Coryell et al. (2000) investigated a small group of
BPAD patients taking carbamazepine or valproate alone during 26 weeks. The
presence of major depressive disorder among relatives was associated with
slower improvement during acute treatment and with higher symptom levels
during continuing treatment. But due to the small sample size, no definitive
conclusion can be drawn. Further studies are needed to exclude that response to
carbamazepine or valproate can be considered as a pharmacogenetic trait or that
these groups are subphenotypes in the BPAD phenotype. More recently,
Passmore et al. (2003) compared two groups of patients responsive to lithium
and lamotrigine. Here also, samples were small but the authors suggested that
lithium- and lamotrigine-responsive patients differ with respect to family history
and may represent distinct subtypes of BPAD.

6. BIOCHEMICAL MECHANISM OF ACTION OF MOOD
STABILIZERS: SEARCH FOR SUSCEPTIBILITY GENES

The mechanism of action of mood stabilizers, and lithium particularly, are
not yet exactly elucidated. Recent progresses in the knowledge of their
biochemical effects have confirmed that they are complex involving different
systems, mainly first messengers, transduction pathways and gene expression
mechanisms. The understanding of the mechanism of action is crucial to select
candidate genes for genetic association studies.

6.1. Mechanisms of Action of Lithium, Carbamazepine et Valproate
6.1.1. Lithium Ratio
Lithium is distributed between extracellular and intracellular compartments.

Dorus et al. (1974; 1975) brought evidence from twin studies that the
extracellular/intracellular ratio concentration of lithium (“lithium ratio”) is
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genetically determined. In addition to these findings, it is been argued that the
lithium ratio could influence treatment response, but other studies refuted this
suggestion (for review see Serretti, 2002a). More recently, the lithium ratio has
been implicated in the occurrence of side effects (De Maio et al., 1994).

6.1.2. First messengers, pre- and postsynaptic receptors

The effects of mood stabilizers, and in particular lithium, have been studied
on virtually every neurotransmitters: serotonin (5HT), dopamine (DA),
noradrenaline (NA), acetylcholine (Ach), y-aminobutyric acid (GABA) and
glutamate (GLU). From early reports in the 1970s showing increased
5-hydroxyindolacetic acid (5-HIAA, main serotonin metabolite) levels in manic
patients, the relationship between SHT, BPAD and lithium has been extensively
studied (Mendels, 1971). An exhaustive review by Serretti (2002a) shows that
chronic lithium administration may enhance SHT function at different levels:
precursor uptake, synthesis, storage, catabolism, release, receptors and receptor-
effector interactions. Lithium may thus act as a SHT function corrector, function
which is thought to be abnormal in BPAD. Other mood stabilizers seem to
modulate SHT function. Valproate and carbamazepine increased extracellular
SHT in animal models (Whitton et al., 1985; Dailey et al., 1997). Maes et al.
(1997) investigated the putative action of valproate on SHT neurotransmission
by examining plasma cortisol response to L-5-hydroxytrophan (SHTP, precursor
of 5HT) in manic patients before and after valproate treatment. They showed
that L-SHTP-induced cortisol response was higher after valproate treatment than
before, indicating a possible action of valproate on SHT function. Lithium has
not shown consistent results on a putative regulation of DA receptors D; and D,
but classic works have demonstrated that lithium increases the DA turnover in a
region-specific manner and may decrease DA formation (Ahluwalia et al.,
1981). Valproate, but not carbamazepine, has induced increased DA turnover in
several brain areas, according to some reports (Sokomba et al., 1988; Loscher
and Honack, 1996). A recent PET-study demonstrated a decreased presynaptic
DA function in the basal ganglia after 3-5 weeks of valproate treatment (Yatham
et al., 2002a). The effects of lithium on NA receptor binding remain inconclusive
(El-Mallakh, 1996). But, by acting on the postsynaptic receptor sensitivity and on
cyclic adenosine monophosphate (cAMP) accumulation, chronic administration of
lithium may facilitate NA release, possibly via the effects on the presynaptic o,
autoreceptors (Manji et al., 1991; Lenox and Hahn, 2000). Chronic lithium
treatment modifies various behavioral responses that are mediated by Ach.
Unfortunately, studies on muscarinic receptors regulation by lithium have shown
contradictory results (Dilsaver and Coffman, 1989). GABA is the major inhibitory
neurotransmitter in brain and has been implicated and studied for years in the
mechanism of action of lithium, valproate and carbamazepine. Lithium increases
GABA levels in cerebrospinal fluid (CSF) and GABAg receptors were found to be
increased in hippocampus during chronic lithium treatment (Berrettini et al., 1986;
Motohashi, 1992). GABA seems to be the key neurotransmitter in the mechanism
of action of valproate. Valproate appears to modulate the effects of GABA by
increasing its synthesis and its release, by inhibiting its breakdown, reducing its
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reuptake into GABA neurons or augmenting its effects at GABA receptors (Stahl,
2000). These effects are related to an inhibition of calcium and sodium channels.
The action of carbamazepine on GABA remains unknown but, like other
anticonvulsivants and valproate, it may exert its effects by increasing GABA
activity. Finally, lithium was implicated in glutamatergic neurotransmission
regulation. For example, GLU release has been demonstrated to be increased in
animal models during lithium treatment (Dixon et al., 1994). In conclusion, it
appears that mood stabilizers exert their function in the majority of
neurotransmitters systems, which may certainly interact. A lot of candidate genes
emerge from this review and could be investigated in pharmacogenetic studies.

6.1.3. Transduction pathways

Extensive research has been carried on second messengers implicated in the
mechanism of action of lithium, valproate and carbamazepine. We will here
review briefly the current theories on phosphoinositol, protein kinase C,
glycogen synthase kinase-3 and adenylyl cyclase, thought to be implicated in the
psychopharmacology of mood stabilizers, in order to point out promising target
proteins for future association studies. Excellent and exhaustive reviews are
available elsewhere (Manji and Duman, 2001; Gould and Manji, 2002; Gray
et al.,, 2003 Brunello and Tascedda, 2003). After combining at a postsynaptic
receptor, lithium inhibits a small group of enzymes including inositol
polyphosphate 1-phosphatase (IPPase) and inositol monophosphate phosphatase
(IMPase), which are involved in recycling inositol polyphosphates to inositol.
The mechanism of action of lithium could thus be related to a depletion of free
inositol (Berridge et al., 1989). However, the extremely fast delay to inhibit
IPPase and IMPase is not correlated to clinical effects of lithium, which need
several days or weeks to be initiated. The inositol is thus not the direct
responsible of lithium response but the first step of a cascade implicating
ultimately gene expression factors. A recent important study confirmed the
hypothesis that the therapeutic target of lithium in the treatment of BPAD
depends on inositol depletion and has succeeded in extending these findings to
valproate and carbamazepine (Williams et al., 2002). In addition, the authors
suggested that a cytoplasmic protein, prolyl oligopeptidase (PREP), could
regulate inositol metabolism. Two specific inhibitors of PREP activity have
abolished in vitro the effects of lithium, valproate and carbamazepine,
suggesting an important role of PREP in BPAD (Harwood and Agam, 2003).

Another important research field concerns the effects of mood stabilizers on
protein kinase C (PKC) pathway (Jope, 1999; Manji and Lenox, 2000a). Reports
have documented that chronic lithium administration decreases PKC levels, maybe
via lithium’s effect on IMPase (Manji et al., 1993; Manji et al., 1996; Manji et al.,
1999). Further studies have also reported that a major PKC substrate,
myristoylated alanaine-rich C kinase substrate (MARCKS), is depleted during
chronic lithium treatment in rats (Lenox et al., 1992). Here also, IMPase and
[PPase inhibitions may be causative factors. In culture cells, valproate has been
shown to reduce PKC activity (Chen et al., 1994). And, similar to lithium,
valproate decreases the levels of MARCKS (Watson et al., 1998).
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Glycogen synthase-3 (GSK-3) is also a target for lithium and valproate.
This enzyme is an important effector for several endogenous growth factor (such
as BDNF, see below) and seems to play a crucial role in regulating neuronal
survival and synaptic plasticity. GSK-3 is specifically inhibited by lithium and
valproate (Klein and Melton, 1996), suggesting that mood stabilizers may have
some neuroprotective effects, due to the inhibition of GSK-3 (Manji et al.,
2000b). More largely, GSK-3 is a component of the Wnt signalling pathway.
Recent evidences show that lithium and valproate exert effects on component of
the Wnt signalling pathway, such as GSK-3 but also B-catenin protein (Gould
and Manji, 2002). The authors strongly suggest that Wnt/GSK-3 regulation
could be a target for further mood-stabilizing drugs.

Finally, some contradictory reports have implicated chronic administration
of lithium in the modulation of G protein subunits, without changing the overall
density of G protein coupled receptors (Casebolt et al., 1990). There is also
evidence for an increase in basal cyclic AMP activity during lithium treatment
suggesting that lithium could act in the interaction between an inhibition of
adenylate cyclase, an upregulation of adenylate cyclase subtypes and different
effects on the stimulatory and inhibitory G proteins (Gould and Manji, 2002).
Carbamazepine has been shown to be a direct inhibitor of adenylate cyclase,
thus attenuating cyclic AMP mediated signalling (Chen et al., 1996a). One
report suggested that valproate may exert its effect on AMP signalling at
different levels, but this hypothesis must be further tested (Chen et al., 1996b).

6.1.4. Gene expression

Previous paragraphs have attempted to point out some proteins of interest
that could be tested in further genetic studies. It is clear that these different
pathways interact and are the first step to a long-term neuroplastic modulation
mediated by gene regulation, explaining the delayed therapeutic effect of mood
stabilizers. The key finding of recent studies is the role of the ERK MAP kinase
pathway (Gould et al., 2002). ERK MAP kinases are abundantly present in the
brain and are involved in several neuroplastic processes. This pathway is
activated by neurotrophins (such as nerve growth factor (NGF), brain-derived
neurotrophic factor (BDNF) or neurotrophin 3 (NT3)). The activation of the
ERK MAP kinase pathway is responsible for the increasing expression of an
important antiapoptotic agent, B-cell lymphoma/leukaemia-2-gene (bcl-2) and
an important transcription factor, cAMP responsive element binding protein
(CREB). It has been recently demonstrated that both lithium and valproate
increase bcl-2 in rodent frontal cortex, hippocampus and striatum. Further
studies have recently shown that lithium and valproate activate not only bcl-2
but also the whole ERK MAP kinase pathway, including its upstream and
downstream factors, CREB and BDNF (Yuan et al., 2001, Manji and Chen,
2002). For example, neurogenesis seems to be activated in the dentate gyrus in
the hippocampus during lithium treatment (Chen et al., 2000). Based on in vivo
and postmortem imaging studies on BPAD patients suggesting structural brain
abnormalities, it has been suggested for years that lithium and valproate could
act as real neuroprotective agents. Taking together recent findings on the ERK
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MAP kinase pathway and previous imaging studies, Manji et al. (2000b)
undertook quantitative three-dimensional magnetic resonance imaging studies in
BPAD patients and demonstrated that the total gray matter volume increases
during lithium treatment. Besides the fact that the elucidation of the mechanism
of action of mood stabilizer have helped in the comprehension of the
pathophysiology of BPAD, these finding have pointed out a huge amount of
candidate genes for further pharmacogenetic studies.

6.2. Mechanisms of Action of Lamotrigine

As exposed above, lamotrigine has focused interest since it has been shown
to have antidepressant effects but also a prevention efficacy in relapses and
recurrences of depressive episodes. Further studies are needed to consider
lamotrigine as a real mood stabilizer but growing evidences imply that this
compound will be largely used in BPAD, as well in the acute depressive state
and during maintenance phase. Lamotrigine exert effect by inhibiting the release
of GLU and aspartate by blocking sodium channels (Grunze et al., 2002). An
increased of extracellular SHT has been observed in vitro (Southam et al., 1998).
Lamotrigine may also exert part of its action by calcium antagonistic effects
(Grunze et al., 2002). Recently, Vinod and Subhash (2002) have suggested that
one mode of action of lamotrigine may be by the down regulation of cortical
5-HT; A receptor-mediated adenylyl cyclase response. On the other side, it seems
that lamotrigine did not affect BDNF-mediated signalling (Mai et al., 2002) even
lamotrigine had neuroprotective effects in several animal models of ischemia
(for review see Li et al., 2002). A recent review suggests that lamotrigine
psychotropic effects are mainly due to antiglutamatergic and neuroprotective
actions and that sodium channel blockade is more important in the antiseizure
effect (Ketter et al., 2003).

7. MOLECULAR GENETIC STUDIES
7.1. Associations Studies

Candidate-gene association studies have become the appropriate strategy for
studying genetic factors involved in complex diseases and treatment response in
which the mode of inheritance is unknown (Souery et al., 2001). Association
studies investigate gene polymorphisms thought to be implicated in the
mechanism of action of a disease or which may modulate the action of a
medication, lithium in our case. However, limitations in association studies exist
and are largely discussed elsewhere (Craddock et al., 2001; Potash and DePaulo,
2000; Oswald et al., 2003). The major limitation, because of the difficulty to
recruit cases and controls, is small sample sizes which do not provide enough
statistical power for minor gene effects. Furthermore, spurious associations
between a genetic marker and a disorder or a (sub)phenotype may result from
variation in allele frequency between cases and controls if the two populations
are ethnically different (population stratification). It is thus important in this case
to test populations that are comparable in ethnic background. Finally, caution
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must be used in the interpretation of the association observed. In fact, the result
may be interpreted as linkage disequilibrium between the locus implicated in the
studied phenotype and an associated marker allele, located near the tested gene.
In the specific case of pharmacogenetic studies, the major issue remains the
phenotype definition. In the treatment of BPAD, it is difficult to establish what
is exactly response and efficacy to lithium. Environmental factors and
concomitant treatment are relevant features which need to be monitored during
treatment. Another issue is the definition of response itself. The dichotomous
approach in association studies has implied the definition of a cut-off point
(Serretti, 2002a). Therefore, response may be defined as the complete absence of
manic or depressive episode during lithium treatment, considering an adequate
blood level. In some papers, response is defined as the absence of recurrence
during lithium treatment for >= 3 years (Lipp et al., 1997). Other authors tend to
consider response as a quantitative variable, reflecting the frequency of episodes
on and off lithium (Engstrom et al., 1997; Serretti et al., 2002a). These different
approaches may explain the apparent contradictory results between studies.

Results from extensive research on the mechanism of action of lithium have
provided a huge amount of candidate genes which could be implicated in
treatment response. For now, genes coding for enzymes or receptors implicated
in the first messengers pathways have been largely studied (table 4). A few
markers implicated in the transduction pathways have been studied. Further
studies will have to focus on gene expression markers, thought to be the ultimate
site of action of mood stabilizers.

Two approaches have been applied in association studies on lithium
response. The first uses the pharmacogenetic trait of lithium response as the
phenotype. The rationale underlying this purpose is to consider that lithium-
responsive BPAD is more likely to be a genetically distinct category of the
illness. Evidences from family studies tend to show that response to lithium is a
highly familial trait (see above). This finding may thus help define that response
to lithium prophylaxis is a distinct bipolar phenotype with less genetic
heterogeneity and stronger genetic effect (Turecki et al., 2001). An international
collaborative group (International Group for Study of Lithium, IGSLI) has
constituted a sample of “excellent” responders to lithium (Cavazzoni et al.,
1996; Turecki et al., 1996; Turecki et al., 1998; Turecki et al., 1999; Alda et al.,
2000; Duffy et al., 2000). Excellent responders to lithium must have
demonstrated a high risk for recurrence before they began treatment with lithium
and must have been maintained on lithium exclusively, with no further episodes
for at least 3 years. In addition, all these patients had a family history of BPAD.
Results from these studies are shown in table 4. In summary, a positive result
has been found on phospholipase Cyl gene (PLCG1), implicated in the
phosphoinositol pathway, with a modest odd-ratio (OR=1.88) (Turecki et al.,
1998). It has thus been concluded that PLCG1 has a modest implication in the
response to lithium, or in the disease itself. The second approach is to compare
directly responders and nonresponders to lithium in a case-control design. Lipp
et al. (1997) first reported an association between DRD2 and nonresponse to
lithium (table 4). Several studies have followed, mainly from the University of
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Milan (Serretti et al., 1998; Serretti et al., 1999a; Serretti et al., 1999b; Serretti
et al., 2000; Serretti et al., 2001; Serretti et al., 2002b). Several genes coding for
receptors of neurotransmitters or enzymes implicated in their synthesis or
degradation were tested in a sample of both BPAD and UPAD lithium-treated
patients, considering the response to lithium as a continuous measure. Positive
results were found in TPH and SHTT, where the S-HTTLPR s-s genotype was
associated with poor response (Serretti et al., 1999; Serretti et al., 2001). This
last result is comparable with previous findings showing a higher frequency of
s-s genotype among nonresponders to fluvoxamine, fluoxetine or paroxetine in
major depression (Smeraldi et al., 1998; Kim et al., 2000). On the other side, a
previous study showed a higher frequency of s-allele among responders (Del
Zompo et al., 1999). Serretti et al. (2003) recently confirmed that a marginally
better response to lithium treatment was associated with 5S-HTTLPR s/I genotype
among subjects who had a low number of manic episodes before lithium
administration and among subjects with a high daily dose of lithium (more than
1200 mg). The group of V.Steen has shown that one polymorphism within the
inositol polyphosphate 1-phosphatase was associated with lithium response, but
only in the Norwegian subsample (Steen et al., 1998)

7.2. Linkage Studies

Only a few linkage studies were performed in lithium responder patients.
The majority were done in addition to association studies from the IGSLI.
Turecki et al. (1998) added a linkage study to their positive results on PLCGI,
found using a case-control design. PLCG1 was studied in 32 families ascer-
tained through lithium-responsive bipolar probands. A modest involvement
of this gene in the pathogenesis of BD was found when unilineal families were
considered, but not in the whole sample. Additional linkage studies on MAOA,
CRH, PENK, GABRA3, GABRAS5, GABRB3 did not support an implication of
these genes in the response to lithium and in the occurrence of BPAD (Turecki
et al., 1999; Alda et al., 2000; Duffy et al., 2000).

7.3. Genome-Wide Scans

A complete genome scan was recently performed. Turecki et al. (2001)
recruited 247 subjects in 31 families ascertained through excellent lithium
responders. 378 markers were scanned spaced at an average distance of 10 cM.
BPAD and UPAD were first considered as phenotypes. Evidences for linkage
were found on 15q14 (lod=3.46; p=.000014) and 7q11.2 (1od=2.68; p=.00011).
When considering treatment response as phenotype, the highest lod score (1.53;
p=.003) was for the marker D7S1816 located on chromosome 7q11.2. As argued
by the authors, it has been difficult to assess lithium response in the relatives,
particularly among those who are unaffected, apparently nonresponders or who
have not been treated with lithium. These issue has led to a considerable power
decrease, compared to the analyse using BPAD and UPAD as phenotypes.
However, these results, based on a genome scan approach, are promising and
provide arguments for future genome wide scans.
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8. CONCLUSION AND PERSPECTIVES FOR FUTURE RESEARCH

Different approaches are available to identify genetic markers that could
contribute to the response to mood stabilizers. The priority is a considerable
need for improved methodology in case-control association studies. The
different ways to improve it are discussed elsewhere (Lerer and Macciardi,
2002; Oswald et al., 2003). In the specific field of pharmacogenetics of BPAD,
we will have to improve the specific design of mood stabilizers pharmacogenetic
studies. In the “classical studies, responsiveness is dichotomously defined
(response or non-response). More recent studies use treatment response as a
continuous measure allowing multivariate statistical analyses, including a large
number of factors (Cusin et al., 2002).

Another way to consider future research is to focus on new candidate genes,
believed to be the ultimate sites of action of mood stabilizers (see above). This
must also be considered in parallel to a better understanding of the mode of
action of “newer” mood stabilizers, i.e. atypical antipsychotics and lamotrigine.
Some studies tend to show that lamotrigine may have neuroprotective effects,
thus implicating gene regulation.

New lab techniques, such as expression and proteomic array technologies,
will also help in defining new candidate genes.

Finally, it seems more and more obvious that, in addition to single-gene
pharmacogenetic studies, it will be crucial to take into account gene-gene
interactions, and certainly interactions with environment, which need to be
incorporated in statistical models.

Many ethical issues need also to be resolved (Mancinelli et al., 2000). It has
been shown that the cost of developing a new drug could be reduced to about
60% using pharmacogenetics, mainly by reducing the number of needed
participants in clinical trials (Lipton, 2003). Pharmacogenetic studies will be
therefore developed in the future with many stored genetic data for each
participant. Obviously, information of this type must be carefully safeguarded to
ensure privacy. In addition, there also questions about feedback to be given to
the patient. For example, it may be possible to make some predictions on the
propensity for a patient to respond to a medication and to classify him as a “bad
responder”, with all the psychological consequences. Another concern is that
individuals may find it more difficult to find affordable health insurance as a
consequence pharmacogenetic test. Many legal and economic issues will thus
need to be resolved.

In the future, after refining the methodology and the investigated
phenotypes of lithium pharmacogenetic studies, the prediction of drug efficacy
and side effects, using a pharmacogenetic tool, could be considered as a helpful
assistance in selection and monitoring of treatment in BPAD. In parallel to a
better understanding of the neurobiology of BPAD, progress in pharmaco-
genomics could improve the outcome of a still chronic disease, with a high rate
of mortality.
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5. PSYCHOPHARMACOGENETICS OF
SCHIZOPHRENIA AND PSYCHOSIS

Dr. Joachim Scharfetter*

1. INTRODUCTION

Psychotic disorders are severe psychiatric conditions, frequent, disabling,
with patients at high risk for suicide, for addiction and social decline. The most
prominent of psychotic disorders is schizophrenia with a lifetime prevalence of
about 1%. Almost all insights into the pharmacogenetics of psychosis are
derived from schizophrenic patients therefore all the following comments will
generally refer to this disorder.

Until the development of antipsychotic medication means for therapy have
been sparse and the course of the disease frustrating, often leading to chronic
illness and social decline. The situation improved profoundly with the advent of
antipsychotic medication in the 1950’s, later called the typical antipsychotics or
neuroleptics. These pharmacological substances are very potent in their
antipsychotic efficacy but often inducing severe side effects, for the most part
extrapyramidal motor disorders like akathisia, parkinsonism, and early and late
onset dyskinesias, beyond else.

The next milestone in pharmacological antipsychotic treatment was the
development of the so called atypical antipsychotics (second generation
antipsychotics) with Clozapine as their prototype in the 1970’s. The term
atypical was coined for pharmacological agents (almost) without extrapyramidal
side effects that generally have a higher affinity to the 5-HT2A receptor than to
the Dopamine D2 receptor. Clozapine was a big success, improving psychotic
conditions in patients that were hitherto refractory to treatment. Nevertheless
Clozapine was withdrawn from the market due to the severe side effect of
agranulozytosis. Owing to its unique and indispensable efficacy in treatment
refractoriness the substance was reintroduced in the late 1980°s under stringent
safety regulations. The 1990°s saw the advent of further atypical antipsychotics
and today we are equipped with a multitude of pharmacological treatment
options.

* Joachim Scharfetter, Universitatsklinik fur Psychiatrie, Abteilung fur Allgemeine Psychiatrie,
Wahringer Gurtel 18-20, A-1090 Wien, Austria. joachim.scharfetter@akh-wien.ac.at.
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There are various strategies for the clinical decision on what substances to
prescribe for which patient. These strategies are partially dependent on
pharmacodynamic properties of the substances, on the specific symptomatology
of the patients, side effect profiles and treatment history. Substances like
Clozapine or Quetiapine are preferred when extrapyramidal motor side effects
are to be omitted, Amisulpride is administered in patients with predominantly
negative symptomatology, Ziprasidone is renown for causing less weight gain,
Clozapine is the substance for treatment resistance, to name a few.

Nevertheless a considerable portion of patients still fail to respond to
treatment, despite adequate dosage and duration and moreover patients are often
suffering from severe side effects. Consequently psychosis itself and its
treatment remains a cost intensive and sometimes frustrating endeavor. Despite
considerable efforts there has been no success so far in determining predictive
factors for treatment response and relapse. Antipsychotic therapy still remains
try and error to a considerable degree.

In this context pharmacogenetics of schizophrenia have gained much
attention recently. Targeting treatment more efficiently on the basis of a simple
genetic test would have a considerable economic and not the least ethical
impact. There have even been proposals for presymptomatic genetic diagnosis
and prophylactic treatment [Tsuang et al. 2000, Hurko 2001], after all with
considerable ethical caveats of such a proposal to be considered.

Many considerations on methodology and study design in the following
have been proposed by Rietschel et al. [Rietschel et al. 1999] in a consensus
conference on the application of pharmacogenetics to psychotic disorders,
valuable input comes from Masellis et al. [Masellis et al. 2000] in their
publication about pharmacogenetics of Clozapine.

2. METHODOLOGY

Dealing with pharmacogenetic studies in psychosis we are almost
exclusively confronted with case-control association study designs where it is
investigated if the presence (case) or absence (control) of a specific phenotype
can be paralleled to a specific genotype. A methodological prerogative for such
studies is the fact that the genes whose genetic polymorphisms are investigated
have to have an a priori evidence of being involved into the pathogenesis of the
phenotype.

It has recently been proposed to preferentially investigate only
polymorphisms with functional consequences (that is alteration of the
transcribed proteins or changing gene expression by being located in regulatory
regions) with the aim to increase the prior probability of detecting valid
associations. Silent mutations in the “degenerated” third position of codon
triplets, in introns or in the vast areas of non-coding “junk” DNA can
nevertheless not be completely disregarded. Seen apart from the possibility that
they might be in linkage disequilibrium with functionally relevant sites nearby,
they might introduce alternative splicing sites or affect stability or accessibility
of DNA. The functional significance of non-coding DNA regions is being
intensively discussed just recently. “Junk-DNA”, as these non-coding regions
have been termed due to their seemingly uselessness, seem to be highly
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conserved throughout evolution and they would not be if really useless
[Bejerano et al. 2004]. Many of these non-coding regions are after all
transcribed into non-protein-coding RNA with so far unknown purpose [Cawley
et al. 2004].

Another methodological issue controversially discussed recently in medical
statistics is correction for multiple testing. The latter has often been demanded
for reasons of methodological rigor. Authors as for example Dettling et al.
[2001b] and Illi et al. [2003] refrained from applying a multiple hypotheses
testing adjustment referring to recently published critical comments on this issue
[Pernegger 1998].

3. PHENOTYPE

The phenotype definition for pharmacogenetic studies in psychosis is
complex since the phenotype is trait- (psychosis) as well as state- (being under
pharmacological treatment) dependent. All patients enrolled must be
pharmacologically treated with antipsychotics and must have a diagnosis of
psychosis that is schizophrenia or schizophrenia and schizoaffective disorder
respectively.

Schizophrenia is most likely a complex trait with multiple genetic,
developmental and environmental factors contributing to the liability to develop
the disease. Consequently there is heterogeneity in symptomatology and
pathogenetic pathways probably leading to individual peculiarities in the
accessibility to pharmacological treatment. A stringent phenotypic definition of
schizophrenia therefore seems to be a prerogative for informative study designs.

Diagnostic subtypes of schizophrenia however could not be related to
variability in treatment response and individual psychotic symptoms could not
be specifically targeted by different antipsychotic drugs [Nimgaonkar et al.
1988]. Almost all pharmacogenetic studies cited in the following do not take
schizophrenia subtypes into account. Schizophrenia and schizoaffective disorder
in these studies are primarily diagnosed according to DSM-IV (Diagnostic and
Statistical Manual of Mental Disorder, Fourth Edition) [American Psychiatric
Association 1994] or ICD-10 (International Classification of Disease, Tenth
Edition) [World Health Organization 1992]. Sometimes detailed diagnostic
manuals like SCID (Structured Clinical Interview for DSM-IV Diagnoses)
[Spitzer et al. 1990], DIGS (Diagnostic Interview for Genetic Studies)
[Nurnberger et al. 1994] or SADS (Schedule for Affective Disorders and
Schizophrenia) are applied [Endicot and Spitzer 1978].

Another confounding variable in phenotype definition is ethnic
heterogeneity in patients that has in fact been found to influence antipsychotic
response [Frackiewicz et al. 1997]. This latter observation is imperatively asking
for ethnically homogenous samples or better for methods to control for ethnic
heterogeneity [Rosenberg et al. 2002].

On the other hand a stringent phenotype definition asks for patients that are
uniformly treated with the same antipsychotic, a prerequisite that is not always
met by study designs. Since molecular targets and metabolic pathways of
different antipsychotic agents are quite divers, genotypes putatively influencing
their efficacy are most likely divers too.
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Based on this universal set of schizophrenic/schizoaffective/psychotic patients
treated with an antipsychotic drug, the phenotype under investigation in the
stricter sense is the clinical effect of treatment. In the desired form this effect is
defined as amelioration or disappearance of symptoms, in the following called
response, and in the undesired variant it is called side effects.

Assessment of response is preferentially done by applying scales, response is
then defined either by proposing a cut-off or as a continuous measure. It has been
demanded that the scales applied should be able to differentiate between
psychopathological dimensions as positive symptoms (hallucinations, delusions)
and negative symptoms (avolition, affective flattening). Widely used scales are the
PANNS (Positive and Negative Syndrome Scale) [Kay et al. 1987], BPRS (Brief
psychiatric Rating Scale) [Overall and Gorham 1962], GAS (Global Assessment
Scale) [Endicott et al. 1976], SANS [Andreasen 1989] and CGI [Guy 1976].

The definition of the phenotype response has to take the dimension of time
into account since a minimal period of pharmacological treatment is required for
symptoms improvement. An evaluation of treatment response after four to six
weeks is commonly applied, a continuation up to six month is recommendable.

An elegant means to circumvent problems of response definition could be
the use of endophenotypes. Endophenotypes are assessed by measuring
physiological parameters of pharmacological effects as for example neuro-
endocrine responses, receptor occupancy or changes in cerebral blood flow.

Basically the same issues hold true for the definition of side effects. The most
prominent of antipsychotics treatments side effects are the extrapyramidal motor
side effects, these are dealt with in a chapter of their own. Weight gain as another
prominent side effect is commonly defined by a cut off of >7%, sometimes treated
as a continuous variable. The Neuroleptic Malignant Syndrome has been
investigated using the clinical diagnosis criteria by Pope et al. [Pope et al. 1986].
A treatment regimen with Clozapine apparently is a prerequisite for developing
Clozapine induced agranulozytosis (CA). The latter is consistently defined as less
than 500 neutrophil counts per mm?® of whole blood.

Besides these more prominent side effects there are only a few studies on
secondary adverse events like urinary incontinence and hypotension. No studies
to my knowledge are existing on the pharmacogenetics of neuroleptic induced
QT syndrome and diabetes.

4. GENOTYPES

In the following polymorphisms of genes will be discussed that have been
targeted in pharmacogenetic studies. These will be presented with special
emphasis on their functional importance.

4.1. Overview with respect to specific phenotypes

Since the methodological basis for pharmacogenetic studies in psychosis is
a candidate gene association approach, all genetic polymorphisms investigated
have to have an a priori evidence for their putative impact on the phenotype
under investigation. In other words, the choice of genes whose polymorphisms
should be investigated has to be hypothesis driven.
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4.1.1 Response (see table 2-6)

One of the first and most prominent hypotheses about the efficacy of
antipsychotic medication has been the dopamine hypothesis (renewed and
modified by the “fast-off D2 hypothesis” by Kapur [2000] for the quality of
neuroleptics to be atypical). Dopamine receptor genes are consequently a prime
target for studies investigating the pharmacogenetics of antipsychotic response.
Nevertheless the serotonin receptor genes have been the first to be intensively
investigated. This is apparently due to the fact that most samples investigated in
the beginning of pharmacogenetic studies in psychosis have been in patients
treated with the “atypical” drug Clozapine. One of the first hypotheses for the
quality of being atypical has been the preferential efficacy of such antipsychotic
drugs in the serotonin neurotransmitter system.

Variation in antipsychotics treatment efficacy has repeatedly been assumed
to be connected to plasma levels of the prescribed substances. Even though a
simple concentration-effect relationship for antipsychotic drugs has never been
substantiated [see Bengtsson 2004] the most prominent drug metabolizing
enzyme system, the Cytochrome P450, has been focused on in early
pharmacogenetic response studies.

Furthermore a variety of neurotransmitter receptor genes have been
investigated, namely adrenergic, histaminergic, cholinergic and glutamatergic
receptors, due to their putative involvement into the pathophysiology of psychosis
and the fact that they are part of the target spectrum of antipsychotic drugs.

The rationale for investigating the HLA system is to be found in the fact
that the HLA genes are located on chromosome 6 which has been a positive
finding in genetic linkage studies of schizophrenia [see Lahdelma et al. 1998].
Apolipoprotein E €4 has been associated with less severity of negative
symptoms [Hong et al. 2000]. Neurotensin is a neuroregulatory peptide involved
into the regulation of neurotransmitter circuits. Catechol-O-methyltransferase
(COMT) and monoamine-oxidase (MAQO) are enzymes participating in the
inactivation of biogenic amines as the neurotransmitters dopamine, serotonin
and norepinephrine. The brain derived neurotrophic factor (BDNF) is an
important member of the nerve growth factor family involved into
neurodevelopment. Brain development abnormalities are one of several
paradigms for schizophreniform disorders. Namely dopaminergic systems in the
brain and dopamine receptor expression are affected by BDNF [Krebs et al.
2000]. The methylenetetrahydrofolate reductase (THFR) is an enzyme
contributing to the folate metabolism and thereby involved into homocysteine
regulation. High plasma levels of homocysteine have been paralleled to
developmental abnormalities. Schizophreniform symptoms have been described
in several homocysteinuric patients and case reports about positive outcome of
folate treatment of psychotic patients have been published [Joober et al. 2000b].
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Table 1. Antipsychotic Response Cytochrome P450 - CYP2D6

referenc_polymorphism notes sample treatment phenotype result

Arranz  PM(CYP2D6-A and PCR 123 Clozapine GAS 20-point n.s.

1995b  -B) and EM schizophrenics improvement

Lane PM,EM dextrometho 18 chinese Haloperidol ~ BPRS improvement n.s.

1997 rphan schizophrenics >35%

phenotyping
Aitchiso PM (CYP2D6*3, PCR 235 treatment  miscellaneous treatment resistance n.s., trend
n 1999 -*4,-*5), EM, UM resistant typical defined as by Kane  for ultrafast
(duplications) schizophrenics/sc etal. 1988 metabolizers
hizoaffectives vs. in response
73 schizophrenic group
controls

Hamelin EM (genotypes PCR 39 miscellaneous BPRS continous n.s.

1999  containing of at least schizophrenics NL

1 CYP2D6*1), PM
(all other enotypes
with CYP2D6*3, -4,
-5,-6,-7)

Brockm PM, IM, EM, UM  PCR 172 acute Haloperidol ~ PANSS continous  n.s., trend

oller (for specific psychotics for fast

2002  genotypes see metabolizers

publication) in non-
response

n.s. not significant

Table 2. Antipsychotic response and combined genotypes?

reference  polymorphism notes sample treatment phenotype result

Arranz SHT2A: His452Tyr, no correction 200 Clozapine response: GAS combination of 6

2000b Thr25Asp, -1438G/A, for multiple schizophrenic polymorphisms
102T/C, 516C/T testing patients predict clozapin
SHT2C: -330GT/-244CT, response:
Cys23Ser
SHT3A: 178C/T, treatment SHT2A:
1596G/A response 102T/C
5HTSA: -12A/T, -19G/C retrospective His452Tyr
SHTT: S—HTTLPR, ly assessed SHT2C:

VNTR -330GT/-244CT
DRD3: Ser9Gly Cys23Ser
ADRAIA: Argd92Cys SHTT:
ADRA2A: -1291G/C, S-HTTLPR
261G/A H2:

HI: Leud49Ser -1018G/A
H2:-1018G/A

Schumacher Same combination of 6  an attemt to 163 Clozapine 4 response n.s.

2000 response predicting replicate schizophrenic groups, group Only H2: -1018
genotypes as Arranz Arranz patients 3and 4 G/A associated
2000b 2000b corresponding with response

to 20 point on the allelic
GAS level
improvement

n.s not significant
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4.1.2 Agranulozytosis

Table 3. Side Effect: Clozapine-induced Agranulozytosis (CA)
HLA-System

reference  polymorphism  notes sample treatment  phenotype result

Lieberman HLA-A, -B, -C, serotyped schizophrenic and  Clozapine agranulozyt agranulozytosis

1990 -DR, -DQ schizoaffective osis: less associated with a
(HLA-class I Ashkenazi patients 5 than haplotype
and II antigens) patients with 0.5x109/L  consisting of
Clozapine induced polymorpho HLA-B38, -DR4,
Agranulozytosis nuclear -Dqw3
(CA), 26 controls leucocytes
Claas 1992 HLA-class I and serotyped 103 patients with Clozapine  granulozyto n.s. after
IT antigens CA, 95 matched penia: less  correction for
controls than 1500  multiple testing
granulozyte
s/ml

Yunis 1992 HLA-class I and serotyped 11 CA patients, 31  Clozapine agranulozyt agranulozytosis
II antigens controls, most of osis: less  associated with
jewish ancestry than HLA-B38, -DR4
0.5x109/L  and -DQw?3
polymorpho haplotype in

nuclear jewish patients;
leucocytes with HLA-DR2
and -DQwl1 in
non-jewish
Abt 1992 HLA-class I and serotyped 72 patients with Clozapine definition  no significant
II antigens 48 diagosis=? granulozytopenia/C of CA=? model of HLA
HLA antigens A, 74 controls subsets
Yunis 1995 HLA-class I and serotyped  Ashkenazi and non- Clozapine agranulozyt Markers for
II antigens Ashkenazi osis: less  jewish CA
schizophrenics and than 500 patients: B38,
schizoaffectives, 31 neutrophils DRB1*0402,
CA, 52 controls per mm3 DRB4*0101,
extended Yunis DQB1*0302,
1992 sample DQA1*0301
“protecting
alleles”: DR11,
DQBI1*0301

Markers for
non-jewish CA

patients:
DRB*1601,
DRB5*02,
DQBI1*0502,
DQA1*0102,
DR2, DQwl

Theodoropo HLA-class I and serotyped 43 schizophrenics, 3 Clozapine agranulozyt n.s.

ulou 1997  1II antigens of them developing osis: less

agranulocytosis than 500
neutrophils

per mm3
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Amar 1998 HLA-class I and serotyped 18 schizophrenics, 5 Clozapine granulozyto granulozytopenia/a
IT antigens of them with penia: less  granulozytosis
granulozytopenia/C than 1000 associated with
A and HLA-DQB1*0201
agranulozyt
osis: less
than 500
neutrophils
per mm3
Valevski HLA-class I and serotyped 61 jewish Clozapine agranulozyt HLA-B38
1998 IT antigens schizophrenics, 11 osis: less  associated with
of them with CA than 500 agranulozytosis
neutrophils
per mm3
Meged 1999 HLA-class I serotyped 88 Jewish Haloperidol, agranulozyt n.s. trend for
schizophrenics, 3 of Clozapine osis: less HLA-B38 to be
them with CA than 500 associated with
neutrophils agranulozytosis
per mm3
Lahdema HLA-A, -B serotyped, 26 schizophrenic Clozapine  granulozyto granulozytopenia/
2001 partially patients with penia: less  agranulozytosis
genotyped  Granulozytopenia/A than associated with
granulozytosis and 1,5x109/L  absence of HLA-
19 schizophrenic agranulozyt Al
controls osis: less
than
0.5x109/L
Dettling HLA-class I and genotyped 107 caucasian Clozapine agranulozyt agranulozytosis
2001a 1I antigens no paranoid osis: less  associated with
correction  schizophrenics, 30 than 500 HLA-
for multiple of them with CA neutrophils DQBI1*0502,
testing permm3  -DRB5*02, trend
for —-DQB1*0201
Dettling HLA-class I and genotyped; 108 caucasian Clozapine agranulozyt agranulozytosis
2001b 1I antigens no paranoid osis: less  associated with
correction  schizophrenics, 31 than 500 HLA-Cw*7,
for multiple of them with CA neutrophils -DQB*0502,
testing permm3  -DRBI*0101,
sample seems to be _DRB3*0202
identical with
Dettling 2001a
Heat Shock Protein
reference polymorphism  notes sample treatment  phenotype result
Corzo HSP70-1 HSP70is 75 schizophrenic Clozapine agranulozytosis: HSP70-1 A and
1995 HSP70-2 part of the and less than HSP70-2 9.0kb
HLA-class schizoaffektive 0.5x109/L in linkage
III cluster  patients, 32 of polymorphonuclea disequilibrium
them with CA r leucocytes with each other

and associated
to CA in jewish
patients
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Tumor Necrosis Factor

reference polymorphism notes sample treatment  phenotype result
Turbay  TNF microsattelites a-b, d-¢ 12 jewish, 21 Clozapine agranulozytosis:  CA associated
1997 non-jewish less than 500 with d3 and
schizophrenic neutrophils per ml b4, inversely
svs 33 associated
controls with b5
NQO2
reference  polymorphism  notes sample treatment  phenotype result
Ostrousky NQO2: Sample seems 98 schizophrenics Clozapine agranulozytos CA patients
2003 1536C/T, to be partially 18 of these with is: less than ~ predominantly
1541G/A, identical to ~ CA 500 heterozygous
372C/T Valevski 1998 neutrophils  for several exon
(Phe/Leu), per mm3 and intron
202G/A, SNP’s
-367A/G,
-394G/C
n.s. not significant

The basis for the development of Clozapine induced agranulozytosis/granu-
lozytosis/granulozytopenia (CA) is still hypothetically. Theories are ranging
from immune-mediated toxicity, induction of apoptosis unto direct toxicity
of Clozapine via certain degradation products acting as free radicals [see Ostousky
et al. 2003]. All association studies done to date are dealing either with HLA
polymorphisms or polymorphisms of genes mapping to the MHC III region like
TNF, HSP70 or NQO2. The latter gene seems to be involved into the degradation
or detoxification of Clozapine.

4.1.3 Weight gain

Regarding weight gain the serotonin system is a prime target. The SHT2C
receptor seems to be involved in the appetite regulation propensities of leptin, a
peptide secreted by adipozytes and acting in the hypothalamus as a catabolic
regulator. SHT2A seems to mediate the effect of neuropeptide Y (NPY) another
regulatory peptide in the hypothalamus with anabolic effects. SHT1A agonists
have been shown to induce hyperphagia in rats. Further genotypic targets out of
the serotonergic system have been SHT6 and the serotonin transporter
SHTTLPR.

Histamine H1 receptor antagonism seems to increase food intake in rats
making this receptor gene a candidate. Adrenergic receptors as part of the
sympathetic nervous system are involved into the body’s energy management
probably via a mitochondrial pathway. The cytochrome P450 enzyme CYP1A2
has been investigated in the pharmacogenetics of antipsychotics induced weight
gain due to its involvement in the degradation of Clozapine, an antipsychotic
drug with pronounced weight increasing properties. The tumor necrosis factor
TNF-a too has been implicated in the regulation of metabolic regulatory
processes. See Basile et al. [2001] for a synopsis.
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reference  polymorphism  notes sample treatment phenotype result
Rietschel ~ 5-HT2C: 152 schizophrenics ~ Clozapine ? n.s.
1997 Cys23Ser
Hong 5-HTTLPR, 5-HT2A 102T/C, 93 schizophrenic Clozapine weight gain  n.s
2001b 5-HT2C 68G/C, 5-HT6 continous
267C/T
Basile 2001 SHT2C: Cys23Ser, SHT1A: 80 schizophrenics  Clozapine weight gain  trends for
CAn repeat, SHT 2A: 102T/C continous ADRB3,
and His452Tyr, H1:?, H2: ADRAIA,
-1018G/A, Cypl1A2: Intronl TNFa,
C/A, ADRAITA: Arg347Cys, SHT2C
ADRB3: Trp64Arg, TNFa
-308G/A
Reynolds  5-HT2C: 123 chinese miscellaneous  cut off: -759C
2002 -759C/T schizophrenics NL weight gain  associated
>7% with weight
gain
Tsai 2002 5-HT2C: 80 chinese Clozapine weight gain:  n.s.
-759C/T schizophrenics BMI
continous and
cut off >7%
Basile 5-HT2C: 80 schizophrenics ~ Clozapine Cut off: n.s
2002a -759C/T weight gain
>7%
Reynolds ~ 5-HT2C: subsample 32 chinese Clozapine cut off: -759T
2003 -759C/T of Reynolds schizophrenics weight gain  associated
2002 >7% with less
weight gain
Theisen 5-HT2C: 97 german Clozapine Cut off: n.s.
2004 -759C/T schizophrenic weight gain
patients >7%
n.s. not significant
4.1.4 NMS

Regarding neuroleptic malignant syndrome (NMS) two candidate genes
have been targeted, the cytochrome P450 CYP2D6 and the dopamine receptor
D2. The rationale for the first is the fact that many antipsychotic drugs are
metabolized by CYP2D6 and a poor metabolizer state with increased plasma
levels has been hypothesized as a risk factor for developing NMS. The latter is
due to the fact that predominantly D2 blocking agents are increasing the risk for
NMS and discontinuation of this medication improved this condition.
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Table 5. Side Effect: Neuroleptic Malignant Syndrome

reference polymorphism notes sample treatment phenotype result
Ueno 1996CYP2D6: 9 NMS patients miscellaneous NL ?  ? n.s.
1795T del,
1934G/A,
Arg296Cys
(HhaT)
Iwahashi CYP2D6: identical 56 japanese miscellaneous NL ? n.s.
1997 to schizophrenics,
Hhal Iwahashi 8 of them with
1999 NMS
Kawanishi Cyp2D6: 36 patients with miscellaneous NL ? NMS diagnosis n.s.
2000 Pro34Ser NMS, 107 according to the
schizophrenic criteria of Pope
controls et al. 1986
Suzuki  DRD2: 153 miscellaneous NL ? NMS criteria by Al allele
2001c schizophrenic Pope et al. 1986 associated with
Taql A patients, 15 with NMS
NMS
Kishida DRD2: 49 patients with miscellanecous NL ? NMS criteria n.s.
2003 NMS, 123 Pope et al. 1986
Taql A schizophrenic
controls
Kishida DRD2: 164 japanese miscellaneous NL ?  criteria by Pope -141C Del more
2004 schizophrenics, et al. 1986 frequent in NMS
Taql A, -141C 32 with NMS
Ins/Del,
Ser311Cys
n.s. not significant

4.2. Specific genotypes
4.2.1. Pharmacokinetic phase

The traditional pharmacogenetic paradigm has been genetic variability in
major drug metabolizing enzymes [Massellis et al. 1998] consequently
scientists have almost exclusively focussed on drug metabolizing enzymes in the
advent of pharmacogenetics. There are several pharmacokinetic enzyme systems
involved in drug metabolism recently described as ADME (absorption,
distribution, metabolism and excretion) [Ring and Kroetz 2002]. The most
prominent of these are the phase I and II reactions as delineated in the following.

4.2.1a. Cytochrome P450

Oxidative reactions as the most prominent of the phase I group of drug
metabolizing reactions are mediated by the Cytochrome P450 system (CYP),
situated in the liver as a group of heme-containing enzymes. There are over 30
different CYP enzymes in humans, organized in 14 families. Specific
pharmacological agents are preferentially detoxified by specific CYP enzymes.
Clozapine for example appears to be metabolized by CYP/42, CYP344,
CYP2C19 and CYP2D6, it inhibits CYP2C9 and CYP2C19, induces CYP/4,
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CYP34 and CYP2B; Risperidone seems to be metabolized by CYP2D6;
Olanzapine by CYP/42 andCYP2D6; Quetiapine by CYP344; Sertindole by
CYP2D6 (see table x). Further information on CYP enzymes and their
antipsychotic drug substrates can be found in Dahl [2002] and in Scordo and
Spina [2002].

Table 6.

Isoenzyme Substrates Inhibitors Inducers

CYP-1A2 Chlorpromazine, Clozapine, Haloperidol, Olanzapine,
Perphenazine, Thioridazine, Zotepine

CYP-2C9 Perazine Clozapine

CYP-2C19 Clozapine, Perphenazine, Thioridazine Clozapine

CYP-2D6 Bromperidol, Chlorpromazine, Clozapine, Fluphenazine, Clozapine, Haloperidol,
Haloperidol, Olanzapine, Perphenazine, Risperidone, Perphenazine,
Thioridazine, Zotepine, Zuclopenthixol Thioridazine

CYP-3A4 Bromperidol, Clozapine, Haloperidol, Olanzapine, Clozapine

Perazine, Perphenazine, Quetiapine, Risperidone,
Ziprasidone, Zotepine

adapted from Prior et al. [1999], Scordo and Spina [2002], Dahl [2002]

Traditionally low and high metabolizing phenotypes have been defined by
probe reactions like the debrisoquine/sparteine reaction of the cytochrome P450
enzyme CYP2D6, more recently it has become the practice to identify specific
alleles by genotyping genetic polymorphisms.

For CYP2D6, the most polymorphic of the P450 isoenzyme, 4 different
phenotypes have been described: “poor”, “intermediate”, “extensive” and “ultra
rapid metabolizer” [Arranz et al. 2001]. These are defined by varying
combinations of different active/inactive alleles, differentiated by point
mutations, deletions, duplications and conversions [Sachse et al. 1997]. A
unified nomenclature of these alleles was developed by Daly et al. [1996].

Allele CYP2D6*1 is the wild type allele. The most frequent inactivating
mutation among caucasians is the CYP2D6*4 allele, a 1934G/A splice-site
mutation, former known as type-B mutation. Duplications are described for the
1, 2 and 4 allele, in case of the 2 allele resulting in an ultra rapid metabolizing
state [Sachse et al. 1997]. The CYP2D6*2 allele is, beyond else, resulting from
a 2938C/T point mutation, detected by a Hhal RFLP, leading to an Arg296Cys
amino acid substitution. CYP2D6*6 is another inactivating mutation,
alternatively known as type-A mutation, a 1795Tdel mutation [Ueno et al.
1996]. An 188C/T mutation resulting in a Pro24Ser substitution is found in
allele CYP2D6*10 and constitutes a further poor metabolizing variant
[Kawanishi 2000]. The CYP1A2 genotype investigated by Basile et al. [2001] in
neuroleptic induced weight gain is a C/A polymorphism in the first intron of the
gene, with the C/C genotype being less inducible by smoking [Sachse et al.
1999].

4.2.1b. NOO2
Dihydronicotinamide riboside (NRH) quinone oxidoreductase 2 (NQO2)
has been deemed a candidate gene for Clozapine induced agranulozytosis
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(AGR) for several reasons. Starting from MHC association findings for AGR by
different groups [Lieberman et al. 1990, Corzo et al. 1997] Ostrousky et al.
[2003] found evidence for a gene or genes mapped telomeric to the MHC
complex to be associated to AGR in experiments with microsatellite markers
spanning the entire MHC region (unpublished data). The gene for NQO?2 is
mapping to this latter region of the chromosome 6, 6p25, its transcript is an
enzyme catalyzing reduction of quinones and quinoid compounds. It has been
suggested that NQO2 should play an important role in detoxification of
chemicals and in the protection of cells against drug-induced oxidative and
electrophilic stress. Clozapine has been hypothesized to be oxidized on the
membranes of activated neutrophils to chemical reactive nitrenium ions acting
as free radicals leading to apoptosis [Ostrousky et al. 2003].

Of the polymorphisms investigated 1536C/T and 1541G/A are situated in
the first intron and the mutation of either is leading to the disruption of a
myeloid zinc finger protein (MZF1) binding site. MZF1 is specifically expressed
in myeloid cells lineages; it may have a general role in the regulation of
hematopoietic gene expression. The -367A/G and -394G/C polymorphisms are
situated in the promoter region of the NQO2 gene implying gene expression
regulatory functionality, 202G/A is a silent mutation in exon 5 and 372C/T in
exon 3 is conferring a Phenylalanin to Leucin substitution in position 47 with
yet undetermined functionality [Ostrousky 2003].

4.2.1c. COMT

The catechol O-methyl-transferase (COMT) is a phase II reaction
(conjugation) enzyme involved in the degradation and inactivation of dopamine
and norepinephrine. Other prominent phase II enzymes are for example
N-acetyltransferase and glutathione-S-transferase. There are low, intermediate
and high activity variants of the enzyme due to a common polymorphism
consisting of a G to A transition at codon 158 of the membrane-bound form of
COMT (codon 108 of the soluble form). This transition results in a valine (Val)
to methionine (Met) substitution with the Met/Met genotype being 3 to 4 fold
lower in enzyme activity than the wild type Val/Val, the Met/Val genotype
being in between. [I1li 2003]

4.2.1d. MAOA

The enzyme monoamine oxidase consists of 2 isoenzymes, MAOA and
MAOB, involved in the degradation of biological amines with different
substrate affinities. The former is involved in the metabolic inactivation of
dopamine, norepinephrine and serotonin. A polymorphism in the promoter
region 1.5kb upstream of the coding sequence consisting of a 30-bp repeat in 3,
3.5, 4 or 5 copies (30bp VNTR) has been shown to affect transcriptional activity
of the MAOA promoter. [Sabol et al. 1998]

4.2.2. Pharmacodynamic phase
With growing knowledge about the action of pharmacological agents at

target structures like neurotransmitter receptors, pharmacogenetics of the
pharmacodynamic aspect of drug actions have increasingly been focussed on.
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4.2.2a. Serotonergic System

5-HT1A: The rationale for 5-HTIA to be investigated in neuroleptic
induced weight gain is derived from the fact that agonists of this receptor have
been shown to increase food intake in rats. Furthermore 5-HT1A receptors are
localized in high density in the brains satiety control centers as shown by
autoradiographic studies. A (CA)n dinucleotide repeat polymorphism has been
utilized to detect association of 5-HT1A with weight gain. [Basile 2001]

5-HT2A: Of the 5-HT2A polymorphisms the most frequently investigated is
the 102T/C substitution. It is a silent mutation and might consequently be
considered a weak candidate for association studies. However it is in complete
linkage disequilibrium with the -1438G/A polymorphism residing in the
promoter region of the 5-HT2A gene and therefore most likely of greater
functional importance [Ellingrod et al. 2003].

Another frequently investigated single nucleotide polymorphism (SNP) is
the one encoding a His452Tyr substitution. The 452Tyr variant has been shown
to have a reduced ability to activate phospholipase C and D through the
G-protein signaling pathway [Hazelwood and Sanders-Bush 2004].

Regarding the functional relevance of Thr25Asn and 516T/C a literature
search yielded no specific information.

5-HT2C: The most frequently investigated 5S-HT2C polymorphism in response,
a 68G/C substitution resulting in a Cys23Ser amino acid substitution, seems to have
no specific functional importance of its own and might only be relevant as being in
linkage disequilibrium with a relevant site [Fentress et al. 2005].

The -759C/T SNP in the promoter region of the 5-HT2C gene seems to be
functionally relevant by reducing transcriptional activity through its -759T allele
[Buckland et al. 2005].

No information could be found about the -330GT/-244CT repeat as reported
by Arranz et al. [2000b]

5-HT3A/B: The potent antagonism of clozapine on the SHT3 receptors has
been hypothesized to contribute to the antipsychotic properties of atypical
antipsychotics. Of the polymorphisms investigated by Gutierrez et al. [2002]
SHT3A 178C/T and 1596A/G and a CA-repeat of SHT3B no information about
functional importance could be found.

5-HT5A: The rationale for an investigation of 5-HT2A receptors in
psychosis is not as stringent as for the afore mentioned 5-HT receptors. The
polymorphisms investigated are a -19G/C substitution in the promoter region
and a silent 12A/T substitution without further information on functional impact
to be found [Birkett et al. 2000].

5-HT6: The 267T/C polymorphism of 5-HT®6 is a silent mutation situated in
exon 1. There is no further information on its functional importance.

5-HTT: Two polymorphisms of the serotonin transporter (SERT) gene have
been pharmacogenetically investigated. The 5-HTTLPR is a variable number
tandem repeat (VNTR) polymorphism with 14 to 16 copies of a 22 bp repeat
sequence. The most common alleles are the 16 repeat or long allele and the 14 repeat
or short allele. Consequently the polymorphism is alternatively termed 44 bp
Ins/Del. The short allele predicts lower levels of S-HTT mRNA and HTT activity in
vitro [Heils et al. 1996, Lesch et al. 1996]. A second VNTR polymorphism of 17bp
is situated in intron 2 of the 5-HTT gene and seems to influence gene transcription in
an allele dependant manner [Hranilovic et al. 2004, De Luca et al. 2005].
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4.2.2b. Dopaminergic System

DRD1: The D1/D2 receptor balance is a major hypothesis for the mode of
antipsychotic action of clozapine. The Ddel polymorphism investigated in
DRDI1 is a restriction fragment length polymorphism (RFLP) situated in the 5’
untranslated region of the DRD1 gene [Basile 2002b, Potkin 2003].

DRD2: There is convincing evidence for the -141C Ins/Del polymorphism
in the 5° flanking region of the DRD2 gene to be functionally relevant. It seems
to affect DRD2 expression [Arinami et al. 1997] and in vivo PET studies
[Jonsson et al. 1999] showed an increased striatal DRD2 density in subjects with
the Del allele, a result however that is not supported by a second PET study
[Pohjalainen et al. 1999].

A further clue to functionality might be derived from a remarkable study on
synonymous (or silent) polymorphisms in the DRD2 gene influencing mRNA
folding, stability and consequently DRD2 expression in a complex manner. One
of the discussed polymorphisms was even found to be in linkage disequilibrium
with -141C Ins/Del and Taql A [Duan et al. 2003].

In post mortem studies on the functional consequences of the Taql A
polymorphism the DRD2 receptor density in the striatum has been demonstrated
to be lower in subjects with Al alleles [Tompson et al. 1997] and in vivo PET
studies revealed a decreased binding potential in individuals with the A1 allele
[Pohjalainen et al. 1998]. The latter result however has not been replicated by
[Laruelle et al. 1998].

For the Ser311Cys polymorphism in the 3" cytoplasmatic loop it has been
shown that the 311Cys allele was markedly less effective in inhibiting cAMP
synthesis than the 311Ser allele, probably due to the reduced ability of those
variant receptors to activate the receptor coupled G protein [Cravchik et al.
1996].

DRD3: Ser9Gly is a SNP causing a serine to glycine amino acid
substitution in the N-terminal extracellular part of DRD3. Mutations in this
region could disturb membrane insertion as has been demonstrated for similar
mutations in other receptors [Lundstrom and Turpin 1996]. Furthermore a
higher binding affinity for D3 selective ligands and dopamine, but not for D2
selective ligands, such as Haloperidol, has been demonstrated for the Gly-9
homozygote [Lundstrom and Turpin 1996].

It has been demonstrated that DRD3 receptors form oligodimers and
moreover even heterodimers with DRD2 [Scarselli et al. 2001] giving ample
opportunity to speculate about functional implications. Since typical and
atypical antipsychotics differ in their potency to bind to D2 and D3 receptors the
formation of heterodimers might be responsible for the above discussed genetic
association findings pattern.

The 5’-leader SNP’s investigated by Sivagnanasundaram et al. [2000] and
the -205A/G polymorphism were found to be in linkage disequilibrium with the
Ser9Gly polymorphism.

DRD4: There is sparse evidence that long alleles should be functionally
different from short alleles of the 48bp VNTR [Asghari et al. 1995]. A twofold
reduction of dopamin potency to reduce forscolin stimulated cAMP formation
was observed for the allele 7 variant. However in his study only 3 out of 10
alleles have been tested and consequently results can not easily be generalized to
short versus long.
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The 12bp repeat polymorphism is located in exon 1, it is occurring 1 to 3
fold and coding for 4 amino acids at the N-terminal part of the receptor protein.
The 13bp deletion in the first exon causes a frameshift mutation and is probably
a complete loss of function mutation. [Rietschel et al. 1996]

4.2.2¢c. Adrenergic, Cholinergic and Histaminergic System

Different polymorphisms of the adrenergic system (ADRA1A: Arg492Cys,
Arg347Cys, Rsal; ADRA2A: -1291C/G, -261G/A; ADRB3: Trp64Arg), the
cholinergic system (CHRM1: 267C/A, 1044G/A, 1221C/T, 1353C/T; CHRM3:
193G/A; CHRM4: 1338C/T) the histaminergic system (H1: -17C/T, -974C/A,
-1023A/G, -1536C/G; H2: -294A/G, -592A/G, -1018G/A, -1077G/A,
Leu449Ser) and the glutamatergic system (NMDA-GRIN2B: 1664C/T) have
been investigated but there is only sparse evidence about functional importance
of these polymorphisms.

4.2.2d. HLA System

HLA alleles and haplotypes have found to be associated with various
immune- and non-immune mediated diseases. An overview on their functional
importance would considerably exceed the scope of this chapter and I would
therefore recommend the consultation of a review like Wright et al. [2001].

4.2.2e. Neurotensin

The VNTR polymorphism of the neurotensin receptor 1 (NTSR1) and a
3020T/C polymorphism have both been found to resides in the untranslated
regions of the neurotensin gene and seems therefore to be without functional
impact [Huezo-Diaz 2004, Austin et al. 2000].

4.2.2f TNF

The TNFa polymorphism 308G/A does not seem to be functionally relevant
[Baylay et al. 2004]

4.2.2g. BDNF
The Val66Met polymorphism in the 5’region of the BDNF gene has been
shown to affect intracellular storage and secretion of BDNF [Egan et al. 2003].

4.2.2h. THFR

The 677C/T point mutation of the THFR gene results in a valine
substitution for an alanine. Heterozygotes (CT) and homozygotes (TT) have
71% and 33%, respectively, of the activity of the wild-type THFR (CC).
[Chiuve et al. 2005]

5. FINDINGS
5.1. Response
5.1.1. Cytochrome P450 (see table 2)

The pharmacogenetic studies of genes of importance for the
pharmacokinetic phase of drug action have almost exclusively focused on
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Cytochrome P450 and its CYP2D6 variant. All but one study [Lane et al. 1997]
utilized PCR techniques for identification of allele carrier status, the latter
utilized a probe drug approach with dextromethorphan.

Arranz et al. [1995b] reported no association of CYP2D6 metabolizer status
with response to Clozapine, the same as Lane et al. [1997] in a Haloperidol
sample and Hamelin et al. [1999] in a miscellaneous neuroleptics sample.

Aitchison et al. [1999] and Brockmdller et al. [2002] too found no
significant association with miscellaneous neuroleptics and Haloperidol
respectively. Both however report a trend, the first of ultra fast metabolizing
status to be associated with response, the second of fast metabolizer genotypes
with non-response. This latter finding after all seems more apt to meet
expectations.

5.1.2. Serotonergic System

5.1.2a. 5-HT24

All the earlier studies with the 5-HT2A polymorphism 102T/C dealt with
Clozapine treated patients. Arranz et al. [1995a] reported a significant
association between 102C homozygotes and treatment non-response, a finding
that was not replicated by Masellis et al. [1995], Nothen et al. [1995] and
Malhotra et al. [1996a].

In a meta-analysis of the above mentioned studies Arranz et al. [1998a]
reported an overall significant association between the 102C allele and treatment
non-response. Subsequent Clozapine studies by Masellis et al. [1998] and Lin
et al. [1999] once again yielded insignificant results, as well as studies by
Nimgaonkar et al. [1996a] and Jonsson et al. [1996], the latter treating patients
with varying neuroleptics.

Significant results have then been reported by Joober et al. [1999], who,
treating patients with typical neuroleptics, found an association of the
102C/102C genotype with male poor responders. Ellingrod et al. [2002] with an
Olanzapine design reported an association of the 102T/102T genotype with
improvement in negative symptoms. Both studies are in accordance with Arranz
et al. [1998a]’s meta-analysis report of the 102C allele being associated with
non-response. Lane et al. [2002] however, in a Risperidone sample, reported the
102C/102C genotype to be associated with better outcome. Yamanouchi et al.
[2003] reported a trend for a diplotype containing a C allele to be associated
with better response in a small Risperidone sample.

102C/T however is a silent mutation and might be considered a weak
candidate for association studies. -1438G/A is a polymorphism residing in the
promoter region of the 5-HT2A gene and therefore most likely of greater
functional importance. This polymorphism is in strong linkage disequilibrium
with 102C/T. Arranz et al. [1998b] reported an association of —1438G with non
response, however in a sample that is identical to their 1995 sample with the
significant 102C association result. In a second sample they could only see a
trend in the same direction. Two other studies by Masellis et al. [1998] and
Ellingrod et al. [2003] yielded insignificant results.

Another candidate polymorphism with promising association results is
His452Tyr. Whilst there is no significant result reported by Nothen et al. [1995]
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and Malhotra et al. [1996a] with Clozapine treated patients, Arranz et al. [1996]
reported association of Tyr452 with non-response and Arranz et al. [1998b] a
trend in the same direction. A meta analysis of the above cited studies was done
by Arranz et al. [1998a] and the association result was upheld. In the meantime
the association of Tyr452 with non-response has been replicated by Masellis
et al. [1998] with Clozapine treated patients, Ellingrod et al. [2002] were not
able to do so in an Olanzapine sample.

Finally there are two studies with the polymorphism Thr25Asn both with
insignificant results: Nothen et al. [1995] and Ellingrod et al. [2002]. The latter
was additionally investigating the 516T/C polymorphism with insignificant
results too.

To summarize: all studies on 5-HT2A 102C/T genotype report either
insignificant findings or association of 102C with non-response, except one that
reports association of 102C with response and a second that reports a trend in
the same direction, both of the latter with an atypical antipsychotics sample. All
studies about His452Tyr that are not reporting insignificant findings,
demonstrate association of Tyr452 with non-response. However these results
have to be interpreted with caution: positive and negative predictive values
based on the meta analyses remain moderate, haplotype analyses do not show
stronger association with response [Masellis et al. 1998] and the predicted
population frequency of the Tyr452 allele is very low [Veenstra-VanderWeele
et al. 2000].

Table 7. Antipsychotic Response and Serotonergic System, the SHT2A studies

reference polymorphism notes sample treatment  phenotype result
Arranz 102T/C retrospective 149 Clozapine response: 20 102C
1995a schizophrenics point homozygotes
resistent to typical improvement more frequent in
in GAS non-responders
Masellis  102T/C 126 Clozapine  response: n.s.
1995 schizophrenics 20%
improvement
in BPRS
Nothen 102T/C retrospective 146 Clozapine  response: n.s.
1995 schizophrenics clinical rating
Malhotra 102T/C 70 typical Clozapine  response: n.s.
1996a neuroleptics 20%
responder improvement
in BPRS
Arranz 102T/C meta-analysis Masellis 1995, Clozapine response 102C associated
1998a Arranz 1995, with non-response
Nothen 1995,
Nimgaonkar
1996a, Malhotra
1996a
Masellis  102T/C 185 Clozapine response: n.s.
1998 schizophrenics 20%
improvement

in BPRS
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Lin 1999 102T/C

Nimgaonk 102T/C
ar 1996a

Jonsson  102T/C
1996

Joober 102T/C
1999

Lane 102T/C
2002

Ellingrod 102T/C
2002

Arranz -1438G/A,
1998b

Masellis  -1438G/A
1998

Ellingrod -1438G/A
2003

Arranz His452Tyr
1996

Nothen — His452Tyr
1995

Malhotra His452Tyr
1996a

Arranz His452Tyr
1998b

sample
identical with
Tsai 2000,
2001 and Yu
1999, Hong
2000

“in strong
linkage
disequilibriu
m with
102T/C”

sample
identical to
Ellingrod
2002

97 chinese
schizophrenics

174 patients

118
schizophrenics

schizophrenics: 39
responders, 63
nonresponders

100 Chinese
schizophrenics

41 schizophrenics

Sample I: 160
schizophrenics
(same sample as
Arranz 1995);
Sample II: 114
patients

185
schizophrenics

41 schizophrenics

153
schizophrenics,
178 normal
controls

146
schizophrenics

70 typical
neuroleptics
responder

Sample I: 160
schizophrenics
(same sample as
Arranz 1995);
Sample II: 114
patients

Clozapine

miscellaneo
us NL

miscellaneo
us NL

Typical
neuroleptics

Risperidone

Olanzapine

Clozapine

Clozapine

Olanzapine

Clozapine

Clozapine

Clozapine

Clozapine

response:
BPRS
continous

response:
clinical rating

response:
clinical
ratings
response:
clinical rating
according to
the criteria by
Brenner 1990

response:
PANS

subscales
continous

response:
BPRS and
SANS

continous

response: 20
point
improvement
in GAS

response:
20%
improvement
in BPRS

response:
BPRS and
SANS
continous

response: 20
point
improvement
in GAS

response:
clinical rating

response:
20%
improvement
in BPRS

response: 20
point
improvement
in GAS

119

n.s.

n.s.

n.s.

102C
homozygotes
more frequent in
male non-
responders

102C
homozygotes
associated with
better outcome

Trend for 102T
homozygotes to be
associated with
reduction of
negative symtoms

-1438G associated
with non-response

n.s.

n.s.

Tyr452 associated
with poor
response

n.s.

n.s.

Tyr452 trend to be
assoziated with
non-response
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Arranz His452Tyr meta-analysis Nothen 1995, Clozapine  response Tyr452 associated
1998a Malhotra 1996a, with poor
Arranz 1998b response
Masellis  His452Tyr 185 Clozapine  response: Tyr452 associated
1998 schizophrenics 20% with non-response
improvement
in BPRS
Ellingrod His452Tyr 41 schizophrenics Olamzapine response: n.s.
2002 BPRS and
SANS
continous
Nothen  Thr25Asn, 146 Clozapine response: n.s.
1995 schizophrenics clinical rating
Ellingrod Thr25Asn 41 schizophrenics Olamzapine response: n.s.
2002 BPRS and
SANS
continous
Ellingrod 516T/C 41 schizophrenics Olamzapine response: n.s.
2002 BPRS and
SANS
continous
Masellis  102T/C, haplotype 185 Clozapine  response: n.s.
1998 -1438A/G, schizophrenics 20%
His452Tyr improvement
in BPRS
Yamanou 102T/C, haplotype 73 japanese Risperidone  response: n.s. but diplotype
chi 2003 -1438G/A schizophrenics PANS A-T/A-T trend to
subscales worse outcome

continous than A-T/G-C

5.1.2b. 5-HT2C

In several studies with Clozapine treated patients only Sodhi et al. [1995]
were able to report a significant finding for the Cys23Ser polymorphism, they
found 23Ser being associated with better response. The publications by
Malhotra et al. [1996b] and Rietschel et al. [1997] yielded insignificant results,
as well as Masellis et al. [1998], the latter two at least reported a trend for 23Ser
and better response, the former a contradictory trend of 23Ser and association
with non-response.

An exploratory meta analysis of the above cited studies was undertaken by
Veenstra-VanderWeele et al. [2000] with a preliminary affirmation of the
23Ser/response association result. A more recent study by Ellingrod et al. [2002]
with Olanzapine treated patients did not yield a significant result.

Table 8. Antipsychotic Response and Serotonergic System, the SHT2C studies

reference polymorphism  notes sample treatment phenotype result
Sodhi Cys23Ser 162 (168?) Clozapine response: 20 23Ser associated
1995 treatment resistent point with response
Schizophrenics improvement in
GAS
Malhotra Cys23Ser 66 schizophrenic  Clozapine response: 20%  n.s., trend for
1996b and improvement in  23Ser to be
schizoaffective BPRS associated with

non-response
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Rietschel Cys23Ser 152 Clozapine ? n.s., trend for

1997 schizophrenics 23Ser to be
associated with
response

Masellis  Cys23Ser 185 Clozapine response: 20%  n.s. trend for

1998 schizophrenics improvement in 23Ser to be

BPRS associated with

response

Veenstra- Cys23Ser meta- Sodhi 1995, Clozapine response 23Ser associated

VanderW analysis  Malhotra 1996b, with response

eele 2000 Rietschel 1997,

Masellis 1998
Ellingrod Cys23Ser 41 schizophrenics Olanzapine  response: BPRS n.s.
2002 and SANS

5.1.2¢. 5-HT3A/B

There is only one study by Gutierrez et al. [2002] with a Clozapine design
investigating the 178C/T and the 1596A/G polymorphism of 5-HT3A and a CA
repeat polymorphism of 5-HT3B with insignificant results.

Table 9. Antipsychotic Response and Serotonergic System, the SHT3A/B studies

reference  polymorphism notes sample treatment  phenotype result
Gutierrez SHT3A: 178C/T, 1596A/G; SHT3B: 266 british Clozapine response: 20 point  n.s.
2002 CA-repeat caucasian improvement in
schizophrenics GAS-scale 3 month
after initiation of
treatment
5.1.2d. 5-HT5A

Birkett et al. [2000] investigated the —19G/C and the 12A/T polymorphism
in Clozapine treated patients without significant findings.

Table 10. Antipsychotic Response and Serotonergic System, the SHT5A studies

reference  polymorphism notes  sample treatment  phenotype result
Birkett 2000 -19G/C, 12A/T 269 schizophrenic ~ Clozapine ~ GAS, response definition = n.s.

2
5.1.2e. 5-HT6

Masellis et al. [2001] could not replicate the finding by Yu et al. [1999],
who saw homozygous T/T 267 genotypes of the 267T/C polymorphism being
associated with response. Masellis et al. speculated on methodological
differences in statistics as possible cause for this divergence but consequently
dismissed this possibility again by recalculating their data with Yu et al.’s
statistical approach, again yielding insignificant results. Ethnic heterogeneity of
their sample and genetic heterogeneity of the phenotype “Clozapine response”
were alternative explanations given.
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Table 11. Antipsychotic Response and Serotonergic System, the SHT6 studies

reference polymorphism notes sample treatment  phenotype result
Yu 1999 267T/C sample identical 99 chinese Clozapine response:  Better response
with Tsai 2000, schizophrenics BPRS for 267T
2001, Lin 1999, continous  homozygotes
Hong 2000
Masellis  267T/C 185 Clozapine response:  n.s.
2001 schizophrenics 20%
improveme
nt in BPRS
5.1.2f 5-HTT

Arranz et al. [2000a] found a VNTR polymorphism in the 2" intron and a
VNTR in the promoter region not associated with Clozapine response, Tsai et al.
[2000] reported insignificance for the VNTR in the promoter region.

Table 12. Antipsychotic Response and Serotonergic System, the SHTT studies

reference polymorphism notes sample treatment  phenotype result
Arranz VNTR in Intron2, 268 treatment  Clozapine rsponse: 20 point n.s.
2000a SHTTLPR-VNTR resi§tant ) improvement in

. schizophrenics GAS

in promoter

region
Tsai 2000 SHTTLPR - sample identical with 90 chinese Clozapine response: BPRS  n.s.

VNTR in the Tsai 2001, Lin 1999  schizophrenics continous

promoter region and Yu 1999, Hong

2000

n.s. not significant

5.1.3 Dopaminergic System

5.1.3a. DRD1

The 2/2 genotype of Ddel, an upstream DRDI1 polymorphism, has been
found to be associated with better response to Clozapine and decrease in frontal
and cortical metabolism as assessed by FDG-PET [Potkin et al. 2003]. The
same polymorphism has been reported to be significantly associated with change
in scores on the Wisconsin card sort test assessed before and after treatment with
Clozapine in a pilot study by Basile et al. [2002b].

Table 13. Antipsychotic Response and Dopaminergic System, the DRD1 studies

reference polymorphism notes sample treatment  phenotype result
Potkin Ddel 15 Clozapine response: BPRS, Homozygotes for
2003 schizophrenics SANS, CGI: allele2 better

continous; PET improvement in
scan: metabolism BPRS and decrease

continous in PET frontal and
temporal cortical
metabolism.
Basile Ddel pilot 35 Clozapine response: changes Association with
2002b study schizophrenic in score of changes in score of
patients Wisconsin card ~ Wisconsin card sort

sort test, continous test
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5.1.3b. DRD?2

The —141C Ins/Del polymorphism was primarily investigated by Arranz
et al. [1998c] in a mixed and partially Clozapine treated sample yielding
insignificant results. Ohara et al. [1998], giving no information about treatment
regimes, reported insignificance too. Malhotra et al. [1999] however, in a
Clozapine treated sample, found the —141C Ins allele being associated with
better treatment response. This latter result was supported by Suzuki et al.
[2001a] who investigated schizophrenic patients treated with Bromperidol, a
close structural analogue to Haloperidol, and Nemonapride and found —141C Ins
allele carriers more responsive to treatment as determined by the
anxiety/depression subscale of the BPRS (Brief Psychiatric Rating Scale).

There are two studies combining the —141C Ins/Del polymorphism with the
Taql A polymorphism into a diplotype analysis. Kondo et al. [2003] reported
genotypes carrying the —141C Del allele to be associated with worse outcome in
the anxiety/depression subscales of the BPRS, a fact that is not surprising, given
that their sample seems to be identical with Suzuki et al. [2001a]. Yamanouchi
et al. [2003] however reported better response for diplotypes with the —141C Del
allele.

The Taql A polymorphism has been investigated in several samples, all
with different regimes of neuroleptics prescribed. Only the study by Suzuki et al.
[2001b] reported an insignificant finding. All other studies found either the
allele 1 associated with better response (Suzuki et al. [2000], Dahmen et al.
[2001] in a diplotype analysis with DRD3 Ser9Gly and Yamanouchi et al.
[2003] in a diplotype analysis with —141C Ins/Del) or the allele 2 associated
with non-response (Schifer et al. [2001] and Kondo et al. [2003] in a diplotype
analysis with —141C Ins/Del).

Two studies investigating the Ser311Cys polymorphisms reported no
significant results (Shaikh et al. [1994] and Ohara et al. [1996]).

To summarize: two studies reported no association of the —141C Ins/Del
polymorphism with treatment response, two (three if we include Kondo et al.
[2003]) studies report the —141C Ins allele to be associated with better treatment
response and one with worse. For Taql A the situation seems to be clearly in
favor of the allele 1 to be associated with better response. The samples of Suzuki
et al. [2000, 2001b] and Kondo et al. [2003] however seem to be at least
partially identical thus somehow blurring the picture.

Table 14. Antipsychotic Response and Dopaminergic System, the DRD2 studies

reference polymorphism notes sample treatment phenotype result
Arranz -141C Ins/Del Sample 1: “white british Sample 1: response: n.s.
1998¢ caucasians ” 94 Clozapine Sample 1:
responders vs. 57 non-  Sample 2: ?  GAS: 20
responders Sample 2: point
“chinese"” 85 responders improvement
vs. 65 non-responders Sample 2:
“personal
interview”
Ohara -141C Ins/Del 170 schizophrenics ? Response: n.s.

1998 PANSS
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Malhotra
1999

Suzuki
2001a

Suzuki
2000

Dahmen
2001

Schifer
2001

Suzuki
2001b

Kondo
2003

Yamanou
chi 2003

Shaikh
1994

Ohara
1996

-141C Ins/Del

-141C Ins/Del

Taql A

Taql A

Taql A

Taql A

Taql A, -141C
Ins/Del

-141C Ins/Del,
Taql A;

Ser311Cys

Ser311Cys

diplotype
analysis
with
DRD3:
Ser9Gly

sample
seems to
be
identical
with
Suzuki
etal.
2000,
2001a;
polymorp
hisms
250kb
apart;
diplotype
analysis
diplotype
analysis

72 patients

49 acutely exacerbated
schizophrenics

25 schizophrenics

18 patients

57 patients with “acute
psychosis”

“japanese”: 30 acutely
exacerbated
schizophrenics

49 schizophrenics

73 japanese
schizophrenics

“Caucasians”™: 87
“treatment-resistant” vs.
100 controls
“japanese?”: 45
treatment resistant
schizophrenics vs. ?

Clozapine

Bromperidol,
Nemonapride

Nemonapride

miscellaneous
NL

Haloperidol

Bromperidol

Bromperidol,
Nemonapride

Risperidone

Clozapine

J. SCHARFETTER

response: -141C Ins

BPRS:20%  carriers

improvement greater
reduction in

psychotic

symptoms
response: -141C Ins
BPRS carriers better

(continous) in improvement
subgrouped  in

symptoms anxiety/depre
ssion
response: Al allele
BPRS associated
(continuous)  with better
response
response: DRD3-Ser9
BPRS homozygozity

(continous)  and at least
one allele of

DRD2-A1
better
improvement
response: allele 2
PANSS homozygotes
(continuous)  display less
improvement
in positive
symptoms
response: ns.
BPRS
(continous)
response: A2/Del poorer
BPRS improvement
continous in
anxiety/depre
ssion
response: Ins-A2/Del-
PANS Al diplotype
subscales better
continous response than
Ins-A2/Ins-
A2

response: ?  n.S.

response: n.s.
PANSS
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5.1.3¢. DRD3

For DRD3 exclusively the Ser9Gly genotype has been investigated, with the
exception of Sivagnanasundaram et al [2000] who tried to associate several 5’
leader SNP’s with Clozapine response and reported no significant results.

The situation for Ser9Gly firstly remains complex. There are several studies
with no significant results and even more studies with contradictory ones. If the
studies are grouped according to the type of dispensed neuroleptics however
there is a remarkable pattern to be observed.

With only the studies with a Clozapine treatment regime taken into account,
we find three studies with insignificant findings [Gaitonde et al. 1996, Malhotra
et al. 1998, Shaikh et al. 1996], the latter after all with a trend for the genotype
Ser9/Ser9 to be associated with non-response. One study reported association of
the Gly9 allele and of genotypes including the Gly9 allele with response
[Scharfetter et al. 1999]. A meta-analysis incorporating the results of Malhotra
et al. [1998], Shaikh et al. [1996] and Scharfetter et al. [1999] substantiated this
latter result [ Scharfetter et al. 1999].

There are further studies with atypical antipsychotics treatment regimes that
reported corresponding findings. Szekeres et al. [2004] with “atypical
antipsychotics” reported association of treatment non-response with Ser9 alleles
and Ser9/Ser9 genotypes and Staddon et al. [2002] in an analysis combining
Ser9Gly with -205A/G and an Olanzapine sample reported the Gly9/-205G
diplotype to be associated with better positive symptoms improvement.

All the other studies about Ser9Gly are either administering typical
neuroleptics [Kennedy et al. 1995], “mixed” neuroleptics [Dahmen et al. 2001]
or give no clue at all about which neuroleptics were administered [Nimgaonkar
et al. 1993, Jonsson et al. 1993, Yang et al. 1993, Mant et al. 1994, Ohara et al.
1996, Nimgaonkar et al. 1996B, Durany et al. 1996, Ebstein et al. 1997, Krebs
et al. 1998, Joober et al. 2000a, Jonnson et al. 2003]. In most of the latter studies
the pharmacogenetic part is just an addition to a classical schizophrenia
association study design and it’s justifiable to assume that most patients have
been treated with typical neuroleptics.

While a majority of these latter studies reported no significant results, there
are two studies that reported an association of homozygotes with response
[Jonsson et al. 1993, Mant et al. 1994] and one study by Krebs et al. [1998] that
reports an association of homozygotes with response and of Gly9/Gly9
genotypes with response, the latter result in accordance with the “atypical
neuroleptics studies” by Scharfetter et al. [1999], Szekeres et al. [2004] and
Staddon et al. [2002]. Three other studies however associate response with the
Ser9 allele or non-response with Gly9 respectively [Jonsson et al. 2003, Dahmen
et al. 2001 (in a diplotype analysis with DRD2 Taql A) and Ebstein et al. 1997].

The above characterized trend was first delineated by Jonssen et al. [2003],
incorporating genotypic data from studies where such were available into a meta
analysis: Mant et al. 1994, Durany et al. 1996, Krebs et al. 1998, Joober et al.
2000a, Jonnson et al. 2003, Malhotra et al. 1998, Shaikh et al. 1996 and
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Scharfetter et al. 1999. Jonsson et al. were parting the studies with typical
antipsychotics from the studies with Clozapine and ascertained an association of
Gly9 with response in Clozapine treated patients and an association of Ser9 with
response in patients treated with traditional antipsychotics. Discussing this
finding however Jonnson et al. speculated that this should be due to the fact that
patients treated with Clozapine have been recruited mainly from former
nonresponders to typical antipsychotics.

Table 15. Antipsychotic Response and Dopaminergic System, the DRD3 studies

reference polymorphism  notes

sample

phenotype

result

Shaikh Ser9Gly
1996

Gaitonde Ser9Gly
1996

Malhotra Ser9Gly
1998

Scharfette Ser9Gly
r 1999

Nimgaonk Ser9Gly
ar 1993

Jonsson  Ser9Gly
1993

Yang Ser9Gly
1993

Mant Ser9Gly
1994

Kennedy Ser9Gly
1995

Ohara Ser9Gly
1996

“white european
caucasian ” : 79
responder vs. 54
non responder

84 “caucasians,
except 37 ?vs. ?

68 schizophrenics:
19 responders vs.
49 non-responders

“pakistani
patients ”: 21
responders vs. 11
non-responders

53 “caucasian ”
schizophrenics: ?
vs. ?

76 “caucasian”
schizophrenics: ?
response present
vs. 7 response
absent

“Han-chinese”: 45 ?

responders vs. 98
controls

“western european ?

Caucasians”: 68
good response vs.
63 no response

“north American”:
38 treatment
resistant vs. 38
controls
“japanese?”: 45
treatment resistant
schizophrenics

vs. ?

response: GAS: 20
point improvement

response: clinical
rating

response: BPRS:
discrete — 20%
reduction;
continuous
response: BPRS:
50% improvement
after 6 month of
treatment

response: clinical

rating from hospital

records

response: ?, hospital

records

response: clinical
rating

response: clinical
rating

response: clinical
rating

response: PANSS

trend for Ser9
homozygotes to
be associated
with non-
response

n.s.

Gly?9 allele and
Gly9
homozygotes as
well as
Ser9/Gly9
genotypes more
frequent in
responders

n.s.

n.s., association
between
homozygosity
and response
before corrected
for multiple
testing

n.s.

better response
in homozygotes
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Nimgaonk Ser9Gly

ar 1996b

Durany
1996

Ebstein
1997

Krebs
1998

Joober
2000a

Dahmen
2001

Jonsson
2003

Szekeres
2004

Staddon
2002

Ser9Gly

Ser9Gly

Ser9Gly

Ser9Gly

Ser9Gly

Ser9Gly

Ser9Gly

Ser9Gly,
-205A/G

Diplotype
analysis
with
DRD2:
TaqlA

diplotype
analysis

Sivagnana 5’-leader SNP’s

sundaram
2000

“caucasians” and
»

“afro-americans”:
?vs.?

61 patients with
good vs. 43 with
bad response
“israeli sample”:
“41 Ashkenazi”:
10 good vs. 31
poor responders;
“46 non-
Ashkenazi”: 9
good vs. 37 poor
responders “italian
sample”: 39 good
vs. 21 poor
responders

70 responders vs.
19 non-responders

42 responders vs.
Controls 64 non-
responders vs.
controls

18 patients

153 patients
Sample in part
identical to
Jonnson et al.
1993

caucasian: 28 non-
reponder vs. 47
responders

50 Basque
schizophrenics

49 patients

?

?

miscellaneo
us NL

atypical

antipsychoti

Ccs

Olanzapine

Clozapine

response: clinical
rating

response: ?

response: clinical
rating

response: PANSS,
GAS, CGI

response: clinical
rating BPRS, CGI

response: BPRS
(continous)

response: clinical
rating

response: GAF: 20

points improvement

response: PANSS
positive and

negative symptome

scale, continous,
after 3 month of
treatment

response:

127

n.s.

association of
homozygosity
with poor
response in the
non-Ashkenazi
and the
combined
sample

significant
difference in
genotype
distribution
(fewer Gly9
homozygotes in
non-
responders);
higher
frequency of
homozygosity in
responders

n.s.

DRD3-Ser9
homozygotes
and at least one
allele of DRD2-
Al better
improvement

more Ser9
alleles and
homozygous
genotypes in
responders

Ser9 alleles and
Ser9
homozygotes
more frequent in
non responders
Gly9/-205G
associated with
better positive
symptomes
improvement

n.s.

“symptoms rated on

ordinal scale”
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5.1.3d. DRD4

Several genotypes have been investigated regarding DRD4. A 12bp repeat
polymorphism could not be associated with treatment response in studies by
Ohara et al. [1996], Rietschel et al [1996], Kohn et al. [1997] and Ozdemir et al.
[1999].

Rietschel et al. [1996] additionally investigated a 13bp deletion and a
Gly11Arg polymorphism, both without association with response. Ozdemir et al.
[1999] investigated a (G)n repeat polymorphism and a Smal RFLP, both without
association with response too.

The most frequently investigated polymorphism in the DRD4 gene is a
48bp VNTR polymorphism with several alleles differing in repeat length from 2
(“short”) to 8 (“long”™). There are 6 studies with Clozapine treated patients, all of
them yielding insignificant results [Shaikh et al. 1993, Kerwin et al. 1994, Rao
et al. 1994, Shaikh et al. 1995, Rietschel et al. 1996, Kohn et al. 1997]. The
same holds true for Kaiser et al. [2000] with a typical neuroleptics and a
Clozapine cohort, for Zalsman et al. [2003] with a Risperidone sample and for
Ohara et al. [1996] with a sample of unknown therapeutic regime. Only in the
study by Cohen et al. [1999] it was reported that responders to typical
neuroleptics carried the 7 repeat allele more often than Clozapine responders or
controls and in a study by Hwu et al. [1998] it was reported that allele 4
homozygotes responded better than all others in a sample where there is no clue
about what neuroleptics were administered.

To summarize: results of association studies of DRD4 48bp VNTR with
response remain insignificant or conflicting. Due to the diversity of allelic
distribution between the samples and of statistical approaches the individual
studies can not be readily compared.

Table 16. Antipsychotic Response and Dopaminergic System, the DRD4 studies

reference polymorphism  notes sample treatment phenotype result
Shaikh 48bp VNTR ? 41 responders  Clozapine response: ? n.s.
1993 vs. 23 non
responders

Kerwin ~ 48bp VNTR regression 124 “european  Clozapine response: GAS  n.s.
1994 analysis caucasian 7 ; 42 continuous and

between “taiwanese” discrete (20

repeat number points

and response improvement)
Rao 1994 48bp VNTR Chi2/fishers 29 patients: 13 Clozapine response: BPRS n.s.

exact test of  responders vs. 6 (20% decrease)

each allele intermediate vs.

against all 10 non

others responders
Shaikh ~ 48bp VNTR ANOVA 147 “european  Clozapine response: GAS  n.s.
1995 caucasian”;42 continuous

“chinese”
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Rietschel 48bp VNTR
1996

Kohn 48bp VNTR
1997

Cohen 48bp VNTR
1999
Kaiser 48bp VNTR
2000
Zalsman 48bp VNTR
2003

Ohara 48bp VNTR
1996

Hwu 1998 48bp VNTR

Ohara 12bp repeat
1996

Chi2/fishers
exact test
Pooled:
alleles 2 and
3; alleles 4
and 5; alleles
6,7,8 and 9
rare
genotypes
dismissed

Chi2/fishers
exact test;rare
alleles/
genotypes
collapsed into
“others”

allele 4 vs.
allele 7

Genotypes
with alleles 4
and shorter
vs. 5 and
longer

alleles
collapsed into
short (<7) and
long

Chi2/fishers
exact test

Genotype 4/4
against all
others

149 “german
schizophrenics
and
schizoaffective
40 no- vs. 32
slight- vs. 45
marked- vs. 32
total-response

37 “Ashkenazi”; Clozapine

27 “non
Ashkenazi”

“european
caucasian”: 28
patients with
typical
neuroleptics vs.
32 with
clozapine vs. 57
controls

“german
caucasian”:
typical
antipsychotics:
360 responder
vs. 67 non-
responder;
clozapine: 136
responder vs. 36
non-responder

10 responders,
14 non-
responders

“japanese?”: 45 ?
treatment
resistant
schizophrenics

vs. ?

80 “chinese™: 39 ?
good vs. 41
poor responders

“japanese?”: 45 ?
treatment
resistant
schizophrenics

vs. ?

Clozapine

typical
neuroleptics/
Clozapine

typical
neuroleptics/
Clozapine

Risperidone

response:
clinical rating

response:
clinical rating

response:
clinical rating

response:
clinical rating
and PANSS

response:
BPRS: 40%
improvement

response:
PANSS

response:
clinical rating

response:
PANSS

129

typical
neuroleptic
group
significantly
lower frequency
of 7 repeat allele
vs. 4 repeat
allele

n.s.

n.s.

genotypes
homozygous for
allele 4 have
significantly
better response
than others
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Rietschel 12bp repeat 149 “german Clozapine response: n.s.
1996 schizophrenics clinical rating

and

schizoaffective”

140 no- vs. 32

slight- vs. 45
marked- vs. 32
total-response

Kohn 12bp repeat 37 “Ashkenazi”; Clozapine response: n.s.
1997 27 “non clinical rating
Ashkenazi”
Ozdemir 12bp repeat 50 “treatment  Clozapine response: BPRS n.s.
1999 refractory” continuous
schizophrenics
Rietschel 13bp deletion Glyl1Arg 149 “german Clozapine response: n.s.
1996 schizophrenics clinical rating
and
schizoaffective”
40 no- vs. 32

slight- vs. 45
marked- vs. 32
total-response

Ozdemir (G)n repeat Smal RFLP 50 “treatment  Clozapine response: BPRS n.s.

1999 refractory” continuous
schizophrenics

n.s. not significant

5.1.4 Other Genotypes

Bolonna et al. [2000] investigated polymorphisms of the adrenergic system,
Arg492Cys of the ARDAI1A receptor and -1291C/G as well as -261G/A of the
ARDA2A receptor and found no association with Clozapine response. The
-1291C/G polymorphism of the ARDA2A receptor was investigated too by Tsai
et al. [2001] in a Clozapine sample identical with Tsai et al. [2000], Yu et al.
[1999] and Lin et al. [1999] without significant findings.

Mancama et al. [2000] found among different polymorphisms of different
muscarinergic receptors only the 1044A allele of the CHRMI1 1044G/A
polymorphism associated with non response.

In another study Mancama et al. [2002] analyzed histamine H1 and H2
receptor polymorphisms and found the H2 1018G/A polymorphism associated
with good response, a finding that did not endure correction for multiple testing
and was only replicated as a trend in a second independent sample.

A polymorphism of the glutamatergic NMDA-GRIND2B receptor was
studied by Hong et al. [2001b] and no association of 2664C/T with treatment
response was reported.

The HLA system was examined regarding association with Clozapine
treatment response by Lahdelma et al. [1998]. They typed HLA-A, -B and -DR
genotypes utilizing the lymphotoxicity method and found the Al allele to be
associated with treatment response. In a second study Meged et al. [1999]
investigated HLA class 1 alleles (-A, -B, -C) and found no significant
association.
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The Apolipoprotein E €4 allele was neither associated with treatment
response in a japanese sample of Ohara et al. [1997] nor in a sample with
Clozapine treated patients of Hong et al. [2000].

Two Neurotensin receptor polymorphisms, NTSR1 3020T/C and a VNTR,
were not associated with treatment response [Huezo-Diaz et al. 2004].

I11i et al. [2003] found no association with treatment response for the 30bp
VNTR of the MAOA gene, they additionally investigated the COMT
Vall58Met polymorphism and report the Met/Met genotype (low enzymatic
activity phenotype) associated with non-response. The latter result could not be
replicated by Yamanouchi et al. [2003].

Regarding BDNF 2 studies have been performed to date. Krebs et al. [2000]
report an excess of long alleles (172-176bp) of a dinucleotide repeat
polymorphism in responders. Hong et al. [2003] found the Val/Val genotype of
a Val66Met polymorphism more frequent in responders to Clozapine.

A 677C/T polymorphism of the methylenetetrahydrofolate reductase was
investigated by Joober et al. [2000b] who reported the T/T genotype and the T
allele associated with response to conventional neuroleptics.

Table 17. Antipsychotic Response and Other Genotypes
Adrenergic System

reference polymorphism notes sample treatment phenotype result
Bolonna ADRATA: Arg492Cys; ADRA2A: - 289 Clozapine response: 20 n.s.
2000a 1291C/G, -261G/A schizophrenics points GAS
improvement
Tsai 2001 ADRA2A: -1291C/G sample 97 Chinese Clozapine BPRS continous n.s.
identical with  schizophrenic
Tsai 2000, Lin  patients
1999 and Yu
1999, Hong
2000
Cholinergic System
reference  polymorphism notes sample  treatment  phenotype result
Mancama CHRMI: 267C/A,  abstract ? ? response: ?  marginal significance for
2000 1044G/A, 1221C/T, CHRM-1 1044A to be
1353C/T;CHRM3: associated with non-
193G/A;CHRM4: response
1338C/T
Histaminergic System
reference  polymorphism  notes  sample treatment  phenotype result
Mancama HI:-17C/T, Sample 1:158  Clozapine response: GAS H2 -1018G/A
2002 _974C/A. schizophrenics 20point associated with better
’ Sample 2: 164 improvement  responsebefore
-1023A/G, schizophrenics correction for multiple
-1536C/G testing; not replicated
H2: -294A/G in a 2nd sample
-592A/G,
-1018G/A,
-1077G/A
Glutamatergic System
reference polymorphism notes  sample treatment  phenotype result
Hong NMDA-GRIN2B: 2664C/T 100 Chinese Clozapine  response: 20% n.s.
2001a schizophrenics improvement in BPRS
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reference polymorphism sample treatment  phenotype result
Lahdelma HLA-A, -B, serotyping 19 responders to Clozapine response: 20% HLA-A1
1998 -DR Alleles conventional improvement in associated with
antipsychotics BPRS clozapine response
vs. 19 clozapine
responders
Meged 1999 HLA-class I serotyping 88 Jewish Haloperidol, response: CGI  n.s.
(-A, -B, -C) schizophrenics ~ Clozapine rating of at least
much improved
Apolipoprotein E
reference polymorphism sample treatment phenotype Result
Ohara 1997 ¢4 allele 87 japanese miscellaneous  response: PANSS n.s.
present/absent schizophrenics NL continous
Hong 2000 ¢4 95 Clozapine response: PANSS n.s.
schizophrenics continous
Neurotensin
reference  polymorphism sample treatment  phenotype result
Huezo-  NTSRI1: 3020T/C, 196 british Clozapine response: GAS 20point n.s.
Diaz 2004 yNTR caucasian improvement
schizophrneics
COMT/MAO
reference  polymorphism sample treatment phenotype result
111 2003 COMT: Val 94 finnish conventional CGI clinical COMT: Met/Met

schizophrenics  neuroleptics

associated with non

158Met MAOA:
response MAOA: n.s.

30bp VNTR
Yamanou COMT: 73 japanese Risperidone  response: PAN- n.s.
chi 2003 v751158Met schizophrenics SS subscales

continous

BDNF
reference polymorphism sample treatment  phenotype result

Krebs a dinucleotide

88 schizophrenic/ ?

PANSS ?; excess of long alleles

2000 repeat schjzoaffective categorical (172-176bp) in
X patients responders
polymorphism

Hong Val66Met 93 schizophrenic  Clozapine 20% decrease Val homozygotes more

2003 patients in BPRS frequent in responders

Methylenetetrahydrofolate Reductase (THFR)

reference  polymorphism sample treatment phenotype result

Joober 677C/T 105 schizophrenic ~ conventional response: T alleles and T

2000b patients neuroleptics  treatment homozygote
resistance genotypes more

defined asby  frequent in
Kane et al. 1988 responders

5.1.5. Combined Analyses (see table 6)

In an attempt to depict the assumable complexity of the genetic background
of Clozapine response and with the goal to constitute a pattern of multiple
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genotypes associated with response Arranz et al. [2000b] analyzed 19
polymorphisms of SHT1A, -2A, -3A, -5A, 5-HTTLPR, DRD3, ADRA and
Histamine-receptor H1 and H2. They reported a combination of 6
polymorphisms: SHT2A 102T/C and His452Tyr, SHT2C -330GT/-244CT and
Cys23Ser, 5-HTTLPR and H2 -1018G/A to predict response to Clozapine with a
positive predictive value of 0.82.

This finding however could not be replicated by Schumacher et al. [2000]
who investigated the same 6 polymorphisms and reported only H2 -1018G/A to
be associated with response.

Table 18. Antipsychotic Response and Combined Genotypes

reference polymorphism notes sample treatment  phenotype  result
Arranz SHT2A: His452Tyr, no correction for 200 Clozapine  response: combination
2000b Thr25Asp, multiple testing  schizophrenic GAS of 6
-1438G/A, 102T/C, treatment response patients polymorphis
516C/T SHT2C: retrospectively ms predict
-330GT/-244CT, assessed clozapin
Cys23 Ser SHT3A: response:
178C/T, 1596G/A SHT2A:
SHTSA: -12A/T, 102T/C
-19G/C SHTT: His452Tyr
5-HTTLPR, VNTR SHT2C:
DRD3: Ser9Gly -330GT/
ADRAIA: -244CT
Arg492Cys Cys23Ser
ADRA2A: SHTT: 5
-1291G/C, -261G/A -HTTLPR
H1: Leu449Ser H2: H2:-1018G/A
-1018G/A
Schumach Same combination  an attemt to 163 Clozapine 4 response n.s. Only H2:
er2000  of 6 response replicate Arranz  schizophrenic groups, -1018G/A
predicting genotypes 2000b patients group 3 associated
as Arranz 2000b and 4 with response
corresponding on the allelic
to 20 level
point GAS
improvement
n.s. not significant
5.2. Agranulozytosis

The majority of association studies regarding Clozapine induced
agranulozytosis have been investigating the HLA system. The interpretation of
the results is very problematic due to several methodological shortcomings. One
of those is ethnic background: several of the studies are investigating jewish,
mostly Ashkenazi patients, partially discriminating results into jewish/non-
jewish subgroups partly not discriminating them at all. Sample sizes are often
painfully small, 3 to 5 patients with Clozapine induced agranulozytosis (CA)
versus 13 to 80 controls is not really a basis for a valid statistical analysis (see
Abt et al. [1992] for more detailed statistical critique). Correction for multiple
testing is not always done (as in this case should be done since the study designs
are exploratory and not hypothesis based). A lot of results do not bear up against
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correction for multiple testing when in fact applied or are reported as trends
firsthand.

Besides more optimistic results reported by Lieberman et al. [1990] and
Yunis et al. [1992, 1995], the two early studies with considerable sample size by
Claas et al. [1992] and Abt et al. [1992] both report no significant results.

Theodoropoulou et al. [1997], Amar et al. [1998], Meged et al. [1999],
Valevski et al. [1998], Lahdelma et al. [2001] all those studies suffer from small
sample sizes. The most robust finding from these studies after all, or at least the
one most often reported, is the association of HLA-B38 with CA in jewish
patients (HIA-B16 in Lahdelma et al. [2001], but B38 is a splice variant of B16).

Dettling et al. [2001a, 2001b] in a more extended non-jewish sample report
a complex association pattern with several predominantly class II antigens.

For further details on HLA association findings see table F.

In succession to their 1995 paper [Yunis et al. 1995], the Yunis group
published further studies about a heat shock protein (HSP70) gene and the tumor
necrosis factor (TNF) gene, both located in the class III region of the major
histocompatibility complex (MHC). In Corzo et al. [1995] they report the
HSP70-1 A allele and the HSP70-2 9.0kb allele in linkage disequilibrium with
each other and associated to CA in jewish patients. Regarding TNF Turbay et al.
[1997] report an association of the TNF microsattelites d3 and b4 with CA, b5
with non-CA controls.

Ostrousky et al. [2003] report several SNP’s in the first intron and exon 3
and 5 of the dihydronicotineamide riboside quinone oxidoreductase 2 (NQO2)
gene to be associated with CA. The paper seems to be an extension of the
Valevski et al. [1998] study. The NQO2 gene maps to a region telomeric to the
MHC complex.

Table 19. Side Effect: Clozapine-induced Agranulozytosis (CA)

HLA-System
reference  polymorphism  notes sample treatment  phenotype result
Lieberman HLA-A, -B, -C, serotyped  schizophrenic Clozapine agranulozytosis:  agranulozytosis
1990 -DR, -DQ and less than associated with
(HLA-class I schizoaffective 0.5x109/L a haplotype
and II antigens) Ashkenazi polymorphonuclea consisting of
patients 5 1 leucocytes HLA-B38,
patients with -DR4, -Dqw3
Clozapine
induced
Agranulozytosis
(CA), 26 controls
Claas 1992 HLA-class I and serotyped 103 patients Clozapine  granulozytopenia: n.s. after
1I antigens with CA, 95 less than 1500 correction for
matched granulozytes/ml  multiple testing
controls
Yunis 1992 HLA-class I and serotyped 11 CA patients, Clozapine agranulozytosis:  agranulozytosis
1I antigens 31 controls, less than associated with
most of jewish 0.5x109/L HLA-B38, -
ancestry polymorphonuclea DR4 and -
r leucocytes DQw3

haplotype in
jewish patients;
with HLA-DR2
and -DQwI in
non-jewish
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Abt 1992

Yunis 1995

Theodoropo
ulou 1997

Amar 1998

Valevski
1998

Meged 1999

Lahdema
2001

Dettling
2001a

HLA-class I and serotyped
IT antigens 48  diagosis=?
HLA antigens

HLA-class I and serotyped
I antigens

HLA-class I and serotyped
II antigens

HLA-class I and serotyped
1I antigens

HLA-class I and serotyped

IT antigens

HLA-class I serotyped

HLA-A, -B serotyped,
partially
genotyped

HLA-class I and genotyped

1I antigens ;no
correction
for multiple
testing

72 patients with Clozapine
granulozytopeni

a/CA, 74

controls

Ashkenazi and  Clozapine
non-Ashkenazi
schizophrenics

and

schizoaffectives,

31CA, 52

controls

extended Yunis

1992 sample

43
schizophrenics,
3 of them
developing
agranulocytosis
18
schizophrenics,
5 of them with
granulozytopeni
a/CA

Clozapine

Clozapine

61 jewish
schizophrenics,
11 of them with
CA

88 Jewish
schizophrenics,
3 of them with
CA

26 schizophrenic Clozapine
patients with
Granulozytopeni
a/Agranulozytosi

sand 19

schizophrenic

controls

Clozapine

Haloperidol,
Clozapine

107 caucasian
paranoid
schizophrenics,
30 of them with
CA

Clozapine

definition of
CA=?

agranulozytosis:
less than 500
neutrophils per
mm3

agranulozytosis:
less than 500
neutrophils per
mm3

granulozytopenia:
less than 1000 and
agranulozytosis:
less than 500
neutrophils per
mm3

agranulozytosis:
less than 500
neutrophils per
mm3

agranulozytosis:
less than 500
neutrophils per
mm3

granulozytopenia:
less than
1,5x109/L
agranulozytosis:
less than
0.5x109/L

agranulozytosis:
less than 500
neutrophils per
mm3
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no significant
model of HLA
subsets

Markers for
jewish CA
patients: B38,
DRB1*0402,
DRB4*0101,
DQB1*0302,
DQA1*0301
“protecting
alleles”: DR11,
DQB1*0301
Markers for
non-jewish CA
patients:
DRB*1601,
DRB5*02,
DQB1*0502,
DQA1*0102,
DR2, DQwl1

n.s.

granulozytopeni
a/
agranulozytosis
associated with
HLA-
DQB1*0201

HLA-B38
associated with
agranulozytosis

n.s. trend for

HLA-B38 to be
associated with
agranulozytosis

granulozytopeni
a/
agranulozytosis
associated with
absence of
HLA-A1

agranulozytosis
associated with
HLA-
DQB1*0502,
-DRB5*02,
trend for
-DQBI1*0201
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Dettling HLA-class I and genotyped; 108 caucasian  Clozapine agranulozytosis:  agranulozytosis
2001b II antigens no paranoid less than 500 associated with
correction  schizophrenics, neutrophils per HLA-Cw*7,
for multiple 31 of them with mm3 -DQB*0502,
testing CA sample -DRB1*0101,
seems to be -DRB3*0202
identical with
Dettling 2001a
Heat Shock Protein
reference polymorphism  notes sample treatment  phenotype result
Corzo HSP70-1 HSP70is 75 schizophrenic and Clozapine agranulozytosis:  HSP70-1 A
1995 HSP70-2 partof  schizoaffektive patients, less than and HSP70-
the HLA- 32 of them with CA 0.5x109/L 2 9.0kb in
class 111 polymorphonuclea linkage
cluster r leucocytes disequilibri
um with
each other
and
associated
to CAin
jewish
patients
Tumor Necrosis Factor
reference polymorphism notes  sample treatment  phenotype result
Turbay  TNF microsattelites 12 jewish, 21 Clozapine agranulozytosis: CA associated with d3
1997 a-b, d-e non-jewish less than 500 and b4, inversely
schizophrenic neutrophils per ml  associated with b5
svs 33
controls
NQO2
reference  polymorphism  notes sample treatment  phenotype result
Ostrousky ~ NQO2: Sample seems 98 Clozapine agranulozytosis:  CA patients
2003 1536C/T, to be partially  schizophrenics less than 500 predominan
1541G/A, identical to 18 of these with neutrophils per tly
372C/T Valevski 1998 CA mm3 heterozygou
(Phe/Leu), s for several
202G/A, exon and
-367A/G, intron
-394G/C SNP’s
n.s. not significant

5.3. Weight Gain

Weight gain is an issue in neuroleptics treatment side effects that has

gained increasing attention recently. All but one study on this topic are dealing
with Clozapine treated patients. The 5-HT2C receptor was predominantly
investigated.

Rietschel et al. [1997] reported no significant result for the 5-HT2C
Cys23Ser polymorphism, Hong et al. [2001b] investigated the 5-HT2C 68G/C
polymorphism among other serotonin receptor and transporter gene
polymorphisms without significance too. The 5-HT2C —759C/T polymorphism
was investigated in several more recent publications without significant findings
by Tsai et al. [2002], Basile et al. [2002a] and Theisen et al. [2004]. Reynolds
et al. [2002] however report an association of the 5-HT2C —759C allele with
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weight gain in patients treated with a variety of neuroleptics and in the
Clozapine treated subgroup of this sample [Reynolds et al. 2003].

Basile et al. [2001] investigated 10 genetic polymorphisms in 9 candidate
genes and found trends of association for adrenergic receptor gene
polymorphisms (ADRB3, ADRA1A), for 5-HT2C Cys23Ser and for TNFa

308G/A.

Table 20. Side Effect: Weight Gain

reference polymorphism notes sample treatment phenotype result
Rietschel 5-HT2C: 152 Clozapine ? n.s.
1997 Cys23Ser schizophrenics
Hong 5-HTTLPR, 93 schizophrenic  Clozapine weight gain  n.s
2001b 5-HT2A 102T/C continous
5-HT2C 68G/C,
5-HT6 267C/T
Basile SHT2C: 80 schizophrenics Clozapine weight gain  trends for DRB3,
2001 Cys23Ser, continous ADRAIA, TNFa,
SHT2C
SHTI1A:
CAn repeat,
SHT 2A:
102T/C and
His452Tyr,
H1:?, H2:
-1018G/A,
CyplA2:
Intronl C/A,
ADRALIA:
Arg347Cys,
ADRB3:
Trp64Arg, T
NFa -308G/A
Reynolds 5-HT2C: -759C/T 123 chinese miscellaneous  cut off: -759C ssociated
2002 schizophrenics NL weight gain ~ with weight gain
>7%
Tsai 2002 5-HT2C: -759C/T 80 chinese Clozapine weight gain:  n.s.
schizophrenics BMI
continous and
cut off >7%
Basile 5-HT2C: -759C/T 80 schizophrenics Clozapine Cut off: ns.
2002a weight gain
>7%
Reynolds 5-HT2C: -759C/T subsampl 32 chinese Clozapine cut off: -759T associated
2003 e of schizophrenics weight gain  with less weight
Reynolds >7% gain
2002
Theisen  5-HT2C: -759C/T 97 german Clozapine Cut off: n.s.
2004 schizophrenic weight gain
patients >7%
n.s not significant
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5.4. NMS

The neuroleptic malignant syndrome (NMS) is a potentially fatal side
effect of neuroleptic treatment with extrapyramidal symptoms, hyperpyrexia and
elevated serum creatine phosphokinase levels. Trying to elucidate the putative
genetic background of this severe condition cytochrome P450 2D6 (CYP2D6)
polymorphisms and Dopamine D2 receptor gene polymorphisms have been
investigated.

Regarding CYP2D6 no significant associations have been reported by
Ueno et al. [1996], Iwahashi et al. [1997] and Kawanishi et al. [2000]. Suzuki
et al. [2001c] found the DRD2 Taql Al allele associated with NMS, Kishida et
al. [2004] the DRD2 —141C Del allele. The DRD2 Taql A result could not be
replicated by Kishida et al. [2003].

Table 21. Side Effect: Neuroleptic Malignant Syndrome

reference polymorphism  notes sample treatment phenotype result
Ueno CYP2D6: 9 NMS patients miscellaneous ? n.s.
1996 1795T del, NL?
1934G/A,
Arg296Cys
(Hha 1)
Iwahashi CYP2D6: Hhal identical to 56 japanese miscellaneous ? ns.
1997 Iwahashi  schizophrenics, 8 of NL
1999 them with NMS
Kawanish Cyp2D6: 36 patients with miscellaneous NL NMS diagnosis n.s.
12000 Pro34Ser NMS, 107 ? according to the
schizophrenic criteria of Pope
controls etal. 1986
Suzuki DRD2: Taql A 153 miscellaneous NL ?  NMS criteriaby Al allele
2001c schizophren Popeetal. 1986 ,cociated with
ic patients,
15 with NMS
NMS
Kishida ~DRD2: Taql A 49 patients miscellancous NL ~ NMS criteria n.s.
2003 with NMS, Pope et al. 1986
123

schizophren
ic controls

Kishida DRD2: Taql A, 164 miscellaneous NL ?  criteria by Pope  -141C Del more
2004 -141C Ins/Del, japanese et al. 1986 frequent in NMS
Ser311Cys schizophren
ics, 32 with
NMS
n.s. not significant

5.5. Various side effects

Hsu et al. [2000] found no association of the adrenergic receptor oLl A in
Clozapine treated patients. Spina et al. [1992] report Cyp2D6 poor metabolizer
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to be more prone to side effects of typical neuroleptics like postural
hypotension, diplopia and dry mouth.

Table 22. Side Effect: Various

reference polymorphism notes sample treatment phenotype result
Hsu 2000  Adrenergic Receptor o. 1A Rsal 80 Clozapine urinary ns.
schizophren incontinence in
ic patients the first 3 month
of treatment
Spina CYP2D6 phenotyped by 53 typical side effects: PM state
1992 debrisoquine hydroxylation test schizophren neuroleptics  postural associated
ics hypotension, with side
diplopia, dry effects
mouth
n.s. not significant
6. DISCUSSION

Currently the association findings of pharmacogenetic studies in psychosis
are not very convincing with the most robust findings, at least for response,
probably in the 5-HT2A, 5-HT2C, DRD2 and DRD3 receptor genes. There are a
lot of studies with conflicting results, no replications or no replication trials at all.

Many studies are suffering from considerable methodological shortcomings
and efforts have been undertaken to propose a stringent methodology for
pharmacogenetic studies [Rietschel et al. 1999, Malhotra et al. 2000, Masellis
et al. 2000]. The recommendations range from sample size and statistical power
considerations over diagnostic stringency and statistical rigorousness to
proposals of medication plasma levels control.

An important reason for this apparent problematic situation of pharma-
cogenetics after all is inherent in the nature of the topic. Genetics of psychiatric
diseases are complex with environmental factors to be considered and in
genetics of treatment effects we are definitely dealing with complex traits.
Multiple genetic polymorphisms each of them with minor impact are involved,
multiple receptors are targeted by different drugs and pharmacokinetic effects
have to be considered.

Complex designs of studies with multiple polymorphisms as by Arranz
et al. [2000b] are an interesting approach, however with considerable
methodological problems. Haplotype studies might increase statistical power
[Malhotra et al. 2004], as well as the use of candidate genes with a strong a
priori rationale [Masellis et al. 2000]. Multicenter studies with great sample
sizes have repeatedly been asked for and endophenotypes as well as
neuroimaging approaches might refine the technique.

Genes of expression, regulation and transport mechanisms, second
messenger, third messenger and transcription factors are increasingly taken into
account to include the post receptor downstream systems into the picture.

A promising future strategy in pharmacogenetics seems to be the
application of microarray expression profiling for the identification of relevant
candidate target genes of antipsychotic drug action. Thus gene expression
induction by Clozapine treatment has been found for example for Chromogranin
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A and Calcineurin A, a decrease in Synaptotagmin V in rat frontal cortex.
Chronic administration of Clozapine resulted in a differential expression pattern
for Chromogranin A, son of sevenless (SOS: a RAS activator) and Sec-1 in the
cortex. Chronic haloperidol treatment has been found to alter gene expression of
“inhibitor of DNA-binding 2” (ID-2) and Rab-12. Since Chromogranin A and
Synaptotagmin V seem to be involved in presynaptic vesicle formation and
secretion, this might represent an important mode of action of antipsychotic
medication. Post mortem studies with brain tissue of schizophrenic patients have
found altered expression of genes involved in presynaptic functions [see
Miyamoto et al. 2005].

Thus we will hopefully see the riddle of pharmacogenetics of psychosis
being resolved step by step in the nearer future to be provided with a
biologically based rationale for the administration of targeted antipsychotic
medication.
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6. ALZHEIMER’S DISEASE AND OTHER
DEMENTIAS

Lucie Maréchal, Isabelle Le Ber, Didier Hannequin, Dominique
Campion and Alexis Brice

Dementias represent a major health problem because the number of patients
is increasing in most countries, due to aging of the populations. Alzheimer’s
disease was the first to be individualized and is by far the most frequent. More
recent, clinical and neuropathological studies have distinguished a second major
form of dementia, frontotemporal dementia, although less frequent. Interestingly,
both Alzheimer’s disease and frontotemporal dementia have features in common,
such as neuronal loss in a number of brain structures and the intra or
extracellular accumulation of misfolded proteins which constitute markers for
the diseases. Sub-groups of Alzheimer’s disease and frontotemporal dementia
are monogenic. Several of the responsible genes have been identified, making
possible to approach the physipathology of the disease and to generate in-vivo
and in-vitro models.

1. INTRODUCTION

Alzheimer disease (AD) is the most common cause of dementia. In the past
decade, many advances have been made in the understanding of AD etiology.
Advances in neuropathology have helped to accurately describe the lesions
responsible for this disease. More recently, the identification of mutations
involved in familial early onset AD (EOAD), has permitted to characterize the
physiopathological cascade. In the future, it could be possible to develop new
therapeutic strategies targeted against the causative alterations.
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2. CLINIC

Clinical AD is diagnosed according to the NINCDS-ADRDA criteria
(McKhann 1984): National Institute of Neurological and Communicative
Disorders and Stroke and the Alzheimer’s Disease and Related Disorders
Association. Whereas clinical findings may provide possible diagnosis, final
confirmation is only obtained based on pathological results. Diagnosis of AD is
often preceded by a predementia state during several years, described as mild
cognitive impairment (MCI). The diagnosis of MCI is made if the patient met
the following criteria: memory complaint, normal activities of daily living,
normal generalcognitive function, abnormal memory for age, and not demented
(Petersen 1999). Individuals with MCI develop AD at the rate of 10% to 12%
per year. The initial characteristics of AD are mainly disorders of episodic
memory reported by the family, but can also appear as changes in behavior,
reduction in attention, word finding difficulties or time and space disorientation.
In some cases, the disease is revealed by a confusion syndrome. The patient is
often anosognosic at the dementia state of AD and the diagnosis is therefore
carried out with the help of a family member.

Reduction of cognitive functions are assessed either by different global
scales, as the Mattis Dementia Rating Scale (Schmidt) or more specific tools
evaluating memory, as the Grober and Buschke test (Grober), temporal and
space orientation, image identification, verbal fluency and executive functions,
praxis and gnosia (knowledge of famous faces, drawings of objects) and
judgment. Cognitive functions initially affected are memory (encoding, recall,
storage), praxis and visuospatial functions. There are frequently word-finding
difficulties and paraphasias. Repercussions of cognitive disorders are a major
factor which must be assessed with a member of the family using the
Instrumental Activities of Daily Living (IADL). Behavior is assessed with scales
such as the Neuropsychiatric Inventory (Cummings 1994) reporting various
modifications such as apathy, depression and delirious ideas of paranoia or
jealousy. Additional cognitive disorders appear at a later stage and behavioral
disorders then worsen, with aggressive behavior, irritability and a defiant
attitude. Confusion can complicate the disease, caused by infectious, metabolic
or iatrogenic factors. Behavioral assessment is a necessary step in order to select
the appropriate therapeutic agent. The well known Mini-Mental Score (MMS) is
necessary to describe the severity stage of the disease; its scoring is useful to
determine the use of drugs such as cholinesterase inhibitors or NMDA-
antagonist.

Neurological examination is frequently normal at the onset of the disease.
At an advanced stage, patients are confined to bed and stiffness, myoclonic jerks
or epileptic seizures may occur.

3. COMPLEMENTARY EXAMINATIONS

Cerebral CT-scan is necessary to eliminate other causes of dementia
(vascular, tumoral or different), and may reveal both global and regional atrophy
(initial temporal areas) but initially, the CT-scan can appear completely normal.
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There is currently no blood nor sufficiently specific cephalo-spinal liquid
biological marker for AD that could be used to achieve an accurate diagnosis.

4. NEUROPATHOLOGY

The two neuropathological hallmarks of AD are the presence of senile
(neuritic) plaques and neurofibrillary pathology (Tolnay 2003). Senile plaques
are extra cellular lesions constituted by amyloid deposits, surrounded by
neurofibrillary tangles. The amyloid deposits, present in the core of the senile
plaques and in the vascular walls, contain a 40 to 42 amino-acids (AA) long
peptide, named AP, which is a fragment of the amyloid precursor protein (APP).
Antibodies directed against the AP peptide also label diffuse deposits that are
devoid of the tinctorial affinities and biochemical properties of amyloid
substances. While A in the B-sheet conformation is the main component of
senile plaques, several other proteins are found in senile plaques such as the
apolipoprotein E which could act as a chaperone protein, inducing or facilitating
the formation of amyloid.

Neurofibrillary pathology includes neurofibrillary tangles and neuropil
threads. Neurofibrillary lesions are characterized by the same ultrastructure, i.e.
the accumulation of paired helical filaments and the same immunological
characteristics: they are labeled by antibodies directed against the Tau protein.
The Tau protein constitutes the principal component of neurofibrillary pathology
and is bound to ubiquitin, which means that it is intended to be degraded by the
proteasome.

5. DOMINANTLY INHERITED FAMILIAL ALZHEIMER DISEASE

Early-onset autosomal dominant Alzheimer’s disease (EOAD) is a
heterogeneous disorder that can be caused by mutations in at least three different
genes. These monogenic forms of AD account for approximately 0.25% of the
entire pathology (Campion 1999). Presenilin 1 (PS/) mutations account for the
majority of monogenic forms (70%), mutations of amyloid precursor protein
(APP) are rare (15%) while Presenilin 2 (PS2) are exceptional.

5.1. APP gene

The first APP mutation was identified in 1991 (Goate 1991). This mutation
causes an amino acid (AA) substitution (Val7171le) located near the carboxy
terminus of the AP peptide on its precursor. The 4PP gene is located in q21
region of chromosome 21 and has several isoforms generated by alternative
splicing. All of these encode multidomain proteins with a single membrane-
spanning region. This gene is triplicated in trisomy 21 (Down Syndrome) a
condition in which senile plaques appear very early, from the age of 20.

Missense APP mutations are concentrated in three sites which are APP
physiological cleavage sites (see Fig. 1). Val717Ile mutation is most frequent
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and was found in 23 pedigrees. Other substitutions at the same codon are
Val717Phe mutation (Murrell 1991), Val717Gly mutation (Chartier-Harlin
1994) and Val717Leu mutation (Murrell 2000). Other mutations are clustered
around this site including the Ile716Val mutation (Eckman 1997), the
Val715Met mutation (Ancolio 1999), the Thr7141le mutation (De Jonghe 2000),
the Thr714Ala mutation (Pasalar 2002) and the Leu723Pro mutation (Kwok
2000). In two large families linked by genealogy and containing multiple cases
of Alzheimer disease (Mullan 1992), found a double mutation in exon 16, the
Swedish mutation. Two nucleotide transversions, G to T and A to C, were
observed in affected individuals at codons 670 and 671, respectively. These
changes resulted in the substitution of a lysine to an asparagine and a methionine
to a leucine (Lys670Asp, Met671Leu).

Finally, five mutations located in the middle of the AP sequence at the
vicinity of the o-secretase cleavage site have been described: Ala692Gly,
Flemish mutation (Hendriks 1992), Glu693Gln, Dutch mutation (Levy 1990),
Glu693Gly, Arctic mutation (Kamino 1992), Glu693Gly, Italian mutation and
Asp694Asn, lowa mutation (Grabowski 2001). Some patients bearing these
mutations have classical AD whereas cerebral hemorrhages occur in others.
Currently, 17 pathogenic changes of 4PP have been reported.

Mutations around codon 717 in one hand and the Swedish mutation on the
other hand, correspond to the sites where APP is cleaved by y-secretases and by
B-secretases, respectively releasing the AP peptide from its precursor. The
consequence of the Swedish mutations is a quantitative increase in the
production at the same time of the short form (AB-40, 40 AA) and long (AB-42,
42 AA) of the AP peptide. The other changes modify the AB42/AB40 ratio, thus
favoring the production of the longer form of the peptide, which is more prone
to aggregation. Indeed, the last two AA play an important role in the
conformation of the peptide in B-pleated sheet, which are characteristic of senile
plaque deposits (Jarrett 1993). AP peptide in fibrillary form is toxic for neurons
(Lorenzo 1994), although the exact mechanisms which act as mediators of this
toxicity still remain to be defined i.e. disruption of calcium homeostasis,
oxidative stress, and induction of apoptosis.

5.2. Presenilin 1 (PS7) gene and Presenilin 2 (PS2)

In 1995, two other genes were discovered, which were implicated in
monogenic forms of EOAD. These genes, known as PS/ and PS2, were located
respectively on chromosomes 14 and | and present major sequence homologies
(Sherrington 1995; Levy-Lahad 1995). PSI mutations are extremely diverse, as
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Figure 1. Transmembrane structure of APP with cleavage sites of o-, - and -
secretases. Sites of mutations are indicated by arrows and substituted AA is indi
cated below.

opposed to APP (see Fig. 2). The same mutation is rarely found in both non-
related families. Currently, 134 PS/ missense mutations have been reported. It
therefore appears that the structure of this protein is extremely sensitive and the
slightest variation of AA composition can provoke AD.

In several families, a mutation on the splicing site produced a deletion of
exon 9, conserving the reading frame and generating a missense mutation at the
splice junction (PS/ 69 S290C). In a Finnish family, the loss of exon 9 was due
to a major deletion which equally including adjacent introns (Crook 1998). In 7
families, who were thought to have a common ancestor, an intron 4 mutation
produced three different transcripts, two coding for truncated PS/ and the third
for a protein with an AA insertion: T113-114Ins (De Jonghe 1999). Finally,
another insertion of one AA after codon 352 in exon 10 has been described
(Rogaeva 2001).

PS2 mutations are exceptional and only 9 missense mutations have been
reported in the literature (Rogaeva 1995).
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Figure 2. Presenilin 1 structure and mutations diversity.

5.3. Clinical characteristic of dominantly inherited alzheimer
disease

5.3.1 Age of onset

As regards APP mutations, the age of onset of the illness varies between 37
years and 64 years for the same Val717Ile mutation. This onset age diversity has
prompted to search for factors, primarily genetic, which may modulate disease
expression. It has been suggested that APOE gene polymorphism could modify
age of onset. In fact, a difference has been found for the same mutation and
APOE genotype, which suggest that either genetic or environmental factors
should be further investigated.

As regards PSI, comparison of numerous mutations confirms major
diversity of onset age among mutations. Age of onset is always below age 60.
Early occurrences are possible: from 24 to 33 years for Prol17Leu mutation
(Wisniewski 1998); from 24 to 29 years for Leul73Trp mutation (Campion
1999). One hypothesis is that these mutations involve particular modifications of
PS1 structure, which may be particularly deleterious. The role played by
biochemical properties of substituted AA is illustrated by comparing both
mutations at codon 143: the average age of onset is 35 years in cases of non-
conservative substitution (Ile143Thr), whereas onset age is approximately 55
years in cases with semi-conservative substitution (Ile143Phe).
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However, a great intra-familial diversity has been reported in certain
families with a large number of cases. Therefore, the concept of diversity
according the specific type of mutation remains questionable. For example, age
of onset varied from 34 to 62 years in a large family with Leu392Val mutation.
Recently, it has been shown that APOE genotype may play a role to modulate
age of onset in a cohort of 52 affected subjects bearing the same Glu280Ala PS/
mutation (Pastor 2003)'.

5.3.2 Neurological signs associated to AD

Most of the PS/ mutations are associated with classical AD; however, some
families develop AD and spastic paraparesis. The relevant mutations are a
deletion of 2 AA in exon 4 (8183/M84) (Houlden 2000), an insertion of 2 AA in
exon 5 (InsFI) (Rogaeva 2001) and the complete deletion of exon 9 (89) (Kwok
1997; Crook 1998; Sato 1998). This phenotype was also observed with certain
specific point mutations such as Phe237Ile, Val261Phe, Pro264Leu and
Arg278Thr, but it is not constant. Spastic paraparesis may occur before
cognitive impairment. In family Finn 2, memory impairment was preceded by
walking difficulty due to spasticity of the lower extremities among 10 patients
out of 14 (Verkkoniemi 2000). These forms are characterized on the
hispathological ground by “cotton wool” plaques lacking congophilic dense core
or marked plaque related neuritic pathology (Crook 1998).

In two families harboring either the Leul 13Pro mutation (Raux 2000) or the
insertion of one codon in position 352 (Rogaeva 2001), patients had personality
changes and behavioral disorders, whereas spatial orientation and praxis were
unchanged late in the course of the illness. This presentation was consistent with
the diagnosis of fronto-temporal dementia. Recently a novel PS/ missense
mutation associated with Pick’s disease but not senile plaques has been
described (Dermaut 2004).

6. BIOLOGICAL CONSEQUENCES
6.1. Amyloid cascade hypothesis: 4PP mutations

There are two pathways of APP maturation. The first one consists of APP
cleavage by the o-secretase enzyme in the middle of AP peptide. This pathway
which produces a soluble APPo fragment is non amyloidogenic because it
avoids the A peptide production.

The second maturation pathway which consists in the sequential cleavage of
APP by - and y-secretases is amyloidogenic. It produces the amyloid-peptide, a
soluble APP-B fragment and also releases an intracellular fragment (AICD)
which is translocated in the nucleus where it has a role of transcriptional
activator (Cao 2004). AP peptide has an unknown exact function and as long as
this function is not known, it will be difficult to consider therapeutic blocking
the AP peptide production which could be noxious.
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APP mutations were localized on the 3 4PP cleavage sites, by o-, B- and -
secretases. All these mutations have the same biological consequence:
overproduction of AP peptide, by blocking o-secretase in one case, or by
increasing B- and Yy-secretase activities in other cases. To specify the mutation
characterization, animal models were assessed, which overproduced A peptide.

6.2. APP transgenic mice

Transgenic mice expressing normal or mutant human 4PP were evaluated
(Calhoun 1998). Mice have an APP homolog gene, containing the AP peptide
sequence but this sequence is slightly different and no senile plaque was
observed in mice, probably because aggregation capacity was less significant.

Brains of transgenic mice expressing human mutant APP exhibit typical
pathologic features of AD, including numerous extracellular AB deposits,
neuritic plaques, synaptic loss, astrocytosis, and abnormal phosphorylated Tau
protein. However, it should be stressed that neurofibrillary tangles were never
observed. Neurofibrillary tangles can be formed in transgenic mice; they have
indeed been observed in transgenic mice with 7au mutations, whereas this gene
is never mutated in AD (Lewis 2001).

APP transgenic mice are thus suffering of cognitive deterioration and
neuronal loss without neurofibrillary tangles whereas in human, cognitive
deterioration is correlated with neurofibrillary lesions. Observation of these
transgenic mice raises another problem: cognitive deterioration appears before
senile plaques. Together, these observations show that cognitive deterioration
related to A toxicity can occur very early, before neurofibrillary tangles and
senile plaques, suggesting that these lesions would be a late event in AD
evolution and emphasize the pathogenic role of soluble, incompletely
aggregated forms of AP, so called “protofibrills.”

6.3. Presenilin mutations

Immunochemical analyses indicated that PS/ and PS2 localize to similar
intracellular compartments, such as the endoplasmic reticulum and Golgi
complex, where APP undergoes biochemical maturation.

Consequences of Presenilin mutations are the same than that of APP
mutations i.e. an overproduction of AP peptide and particularly of the Ap42
form. Cell lines transfected with mutant PS/ produce a more significant increase
in AB42 than cells transfected with wild type PS/ (Murayama 1999). Transgenic
mice overexpressing mutant PS/, but not wild type PSI, show a selective
increase in brain AB42 (Duff 1996). Thus, mutations of three different genes
have the same biological consequence and this observation strongly support the
conclusion that progressive cerebral deposition of amyloid  protein is a seminal
event in familial AD pathogenesis.

Asides from APP, Presenilin interact with several proteins, including the
transmembrane protein Notch. Signaling through the receptor Notch, which is
involved in crucial cell fate decisions during development, requires ligand-
induced cleavage of Notch. This cleavage occurs within the predicted
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transmembrane domain, releasing the Notch intracellular domain (NICD), and is
reminiscent of the y-secretase-mediated cleavage of APP. Indeed, deficiency of
presenilin-1 inhibits processing of APP by y-secretase in mammalian cells, and
genetic interactions between Notch and PS1 homologs in C. elegans indicate
that the presenilins may modulate the Notch signaling pathway. De Strooper
et al. (1999) reported that in mammalian cells PS1 deficiency also reduces the
proteolytic release of NICD from a truncated Notch construct, thus identifying
the specific biochemical step of the Notch signaling pathway that is affected by
PS1.

Moreover, several y-secretase inhibitors block this same step in Notch
processing, indicating that related protease activities are responsible for cleavage
within the predicted transmembrane domains of Notch and APP. Presenilins are
now known to be members of a large multimolecular complex (also including
Nicastrin, APH1 and PEN2) which is responsible for the y- secreatase activity
(Mattson 2003). Targeting of y-secretase activity for the treatment of Alzheimer
disease may risk toxicity caused by reduced Notch signaling. Ye et al. (1999)
described loss-of-function mutations in the Drosophila PS/ gene that caused
lethal Notch-like phenotypes such as maternal neurogenic effects during
embryogenesis, loss of lateral inhibition within proneural cell clusters, and
absence of wing margin formation. They showed that PS1 is required for the
normal proteolytic production of carboxy-terminal Notch fragments that are
needed for receptor maturation and signaling, and that genetically it acts
upstream of both the membrane-bound form and the activated nuclear form of
Notch. Thus, to interfere with the Notch signaling could be very deleterious but
there is now an inhibitor of y-secretase able to alterate only APP signaling
(Netzer 2003).

7. GENETIC RISK FACTOR: APOE

In the central nervous system Apolipoprotein E (APOE) is primarily
synthesized by astrocytes. APOE assures the transport role of different
lipoproteins and binds to neurons via LDL receptors (LDL, VLDL, LRP, and
gp330) (Poirier 1994),. APOE is present in three isoforms APOE2, APOE3 and
APOE4, with respective frequencies of 7%, 78% and 15% in a European or
American caucasian population (Strittmatter 1995). These isoforms are encoded
by three alleles €2, €3, €4 of the APOE gene localized in the q13.2 region of
chromosome 19. While the APOE3 isoform has a cystein to codon 112 and an
arginine to codon 158, the APOE4 contains an arginine in 112 and APOE2 a
cysteine in 158. An increase of €4 allele frequency was initially reported in
groups of old subjects with familial cases of AD. This association was further
confirmed in groups with late and early sporadic AD (Chartier-Harlin).
Numerous studies have now reported this association between AD and the &4
allele. In a meta-analysis study including 6262 subjects and 5107 AD patients of
caucasian origin, respective percentages of different genotypes were 61% versus
36% of €3/€3, 21% vs 41% of €3/e4, 1% vs 15% of e4/¢4, and 17% vs 8% of
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82/8*50. The genotype relative risk is calculated by taking €3/e3 as a genotype
reference (odds ratio (O.R.) = 1). This risk is multiplied by 2.7 (2.2-3.2) for
€3/e4 genotype, by 12.5 (8.8 - 17.7) for e4/e4 genotype, and 0.6 for £2/e3°°
(Farrer 1997) Therefore, a genetic dosage effect exists with a greater risk
occurring in homozygotes e4/e4 as compared to €3/e4. The €2/€3 genotype has a
protective effect as the risk is lower compared to genotype €3/e3. The imputable
risk of allele €4 remains present whatever the age range but it is most significant
between 60 and 69 years [O.R.= 4.1(2.3-7.5)] than before 59 years [O.R.= 1.9
(.96-3.7)] and over 80 years [O.R.=1.7 (.9-3.4)] (Bickeboller 1997). In cases of
genotype €3/e4, the risk of AD is higher for women; the adjustment for age

range eliminates all bias due to their greater longevity (Farrer 1997) .

This gender effect therefore suggests the intervention of another factor. The
importance of the risk associated with the allele €4 and the frequency of this
allele in the general population raises the question of the involvement of the
APOE genotype in familial, non autosomal dominant, aggregation. The
cumulated risk of developing AD at the age of 90 years was estimated in the first
degree relatives of a proband, according to the propositus genotype. These risks
were respectively 30% (x11), 46% (£13) and 61% (£16) in relatives of a £3/e3,
€3/e4, or g4/e4 propositus (Martinez 1998). These estimates were comparable
with those reported by Farrer et al. (1995). These figures should be compared to
predictive percentages of carriers who have at least one &4 allele in family
member, which are on average 14 %, 58 % et 90% depending on €3/€3, €3/e4,
and &4/e4 genotype of propositus. The first conclusion is that the allele €4 is a
major risk factor, which may explain significant family aggregation in relatives
of a propositus bearing at least one €4 allele. The presence of several cases in the
same family may therefore result from the effects of this sole genetic risk factor,
particularly in relatives old and €4/e4 proband. The second conclusion is that
AD aggregation (30%) observed in the propositus family with a genotype €3/e3,
may be due in part to another risk factor as allele €4, which only would explain
approximately 50% of observed cases. Finally, allele €4 is only a risk factor as
certain allele €4 carriers will not develop the disease even beyond 90 years of
age. Similarly, approximately 30% of family related women and 60% family
related men, carriers of one or two €4 alleles would not experience AD if they
reach that age. Nevertheless, the previously mentioned data may be under
estimated as €4 allele is a risk factor for myocardial infarction. A large number
of deaths due to cardiovascular disease have been observed in relatives,
primarily men, of AD patients who are €4 carriers (Li 1996).

The direct role played by APOE on peptide AP deposits has been
demonstrated by using transgenic mice, which not only overexpress mutated
APP but are knock out for the mouse APOE gene. The number of amyloid
deposit is very low in APOE knock out mice, intermediary in hemizygotes and
increased in those mice which express mutated APP in a normal APOE
background (Bales 1997). In transgenic mice expressing the human 4APOE gene,
an APOE isoform dependent amyloid deposition and neuritic degeneration has
been reported.
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In addition, APOE may also intervene in cholesterol metabolism and
reduction of oxydative stress induced by the AP peptide on neurons. APOE 4
has been shown to have a reduced anti-oxydative effect as compared to the other
two isoforms’’.

8. GENES AND THERAPY

Cholinesterase inhibitors are established for the treatment of mild-
to-moderate Alzheimer’s disease. Memantine is the first drug to demonstrate a
clinical benefit in the treatment of patients with moderately-severe to severe
AD. Acetylcholinesterase inhibitors had comparable efficacy as well as similar
significant side effects. Some patients are very receptive to anticholinesterasic
drugs whereas other patients are only slightly or not at all. Predictive factors of
positive response to anticholinesterasic drugs have been poorly reported.
Nevertheless, Poirier et al. (1995) have reported the influence of APOE4 on
Tacrine effects. Allele 4 was considered to be predictive of less satisfactory
response to treatment as compared to allele €3 or 2. Cacabelos (2002)*®
reported a similar effect with galantamine. However, this effect remains
debatable since not reported by others (Farlow 1999; Aerssens 2001) but the
understanding of functional genomics in AD will foster productive
pharmacogenomic studies in the search for effective medications and preventive
strategies in AD.

8.1. New therapeutic strategies

Enormous effort is devoted to develop drugs that slow neurodegeneration
in Alzheimer’s disease, although insights into AD genetics and molecular
pathogenesis only arose in the last 15 years. The existence of pathogenic
mutations in APP and the presenilin genes provides strong support for the
hypothesis that Ap-production and deposition contribute to the etiology of AD.
A variety of approaches are being tried to interrupt the disease process,
including reducing the production of the Abeta peptide, inhibiting its
aggregation, and promoting its removal, for example via immunotherapy. y-
Secretase activity is involved in the generation of AP and therefore likely
contributes to the pathology of AD. Blocking this activity would have been a
major therapeutic target to slow down or arrest AB-related AD progression.
Drugs that modulate the production of AP by inhibiting y-secretase could
provide an effective therapy for AD, but like most disease targets, the vy-
secretase appear to have more than a single function. The discovery of drugs that
could selectively inhibit B-APP cleavage is an important objective. Several
inhibitors seem to be able to prevent A production without triggering unwanted
cleavages of other proteins (Netzer 2003). The efficacy of these inhibitors in
reducing AP without affecting Notch cleavage may prove useful as a basis for
developing novel therapies for Alzheimer’s disease. Little is known about
exchange of the B-peptide between the brain and blood. Increased understanding
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of this process in experimental animal models and humans, and how it changes
with aging, will likely open new therapeutic approaches.

Finally, discovery of abnormally phosphorylated tau protein in neurofibrillary
tangles in AD brain has led to strategies for identifying selective inhibitors of tau
kinases and central nervous system/brain-permeable drugs that help maintain
microtubule integrity.

All the future knowledge of physiopathological neurodegeneration will help
to develop neuroprotective strategies.

FRONTOTEMPORAL DEMENTIAS

During the past decade, neurologists and psychiatrists have become
increasingly aware that a significant proportion the degenerative dementias are
of the “non-Alzheimer” type. The frontotemporal dementias, characterized by
progressive personality changes and language impairment related to a
frontotemporal atrophy, account for approximately 5-20% of these diseases
(Jackson 1996; Sleegers 2004). The first pathological description of a particular
form of frontotemporal dementia (FTD) was made by Arnold Pick in the early
20th century, but the first clearly indexed cases of patients with FTD were
reported in 1987 by Gustafson in Lund-Sweden (Gustafson 1987), and in 1988
by Neary et al. in Manchester-United Kingdom (Neary 1988). The clinical and
pathological nosology was further clarified in 1994 and the term frontotemporal
dementia adopted during a consensus conference bringing both the teams of
Lund and Manchester (The Lunds and Manchester groups 1994). The
frontotemporal dementias in fact included a wide range of distinct entities,
which are now divided into subgroups, according to their genetic and
pathological characteristics (D.M.A. 2000). The term Pick disease, sometimes
used as a clinical term for patients presenting progressive frontal syndrome with
frontotemporal lobar atrophy, should now be restricted to a minority of
pathologically proven cases with specific Pick bodies.

8.1.1. Epidemiology

The prevalence of FTD is age-dependant and varies from 3.6 per 100 000 at
age 50-59, and 9.4 at age 60-69 (Rosso 2003; Bird 2003). A positive family
history is noted in 33 to 56% of patients (Stevens 1998; Morris 2001; Hodges
2003). Approximately 25% of the probands presenting a family history
compatible with an AD mode of inheritance have a mutation in the tau gene
(Dumanchin 1998; Hutton 1998; Poorkaj 1998).

8.1.2. Diagnosis

FTD are characterised by prominent personality changes (apathy, agitation,
aggression, disinhibition, depression, inappropriate affect), impaired reasoning
and insight, lack of thematic understanding and difficulty planning, in the
absence of ideomotor apraxia or agnosia. Most of cases begin between the age
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of 45 and 65, with a mean age at onset at 58.0 years (Rosso 2003). The
phenotypes and age at onset may vary, however, in patients with a microtubule
associated protein tau (MAPT) gene mutation, also referred to as FTDP-17,
according to the type of mutation (Van Swieten 2004)°. Indeed, a subset of
patients with the P301L and R406W develop the disease after 60 (Van Swieten
1999), whereas those with the P301S mutation have earlier age at onset, around
age 35 (Bugiani 1999; Yasuda 2000; Lossos 2003; Werber 2003). The clinical
diagnosis of FTD, based on the criteria established by the Lund and Manchester
group, later revised by Neary, includes: (i) progressive behavioural disorder with
insidious onset; (ii) affective symptoms; (iii) preserved orientation and praxis;
(iv) selective frontotemporal atrophy on brain imaging or frontotemporal
hypoperfusion on single photon emission computed tomography (SPECT) (The
Lund and Manchester groups 1994; Neary 1998).

Clinical presentation depends on whether the frontal or the temporal cortex
is frist affected (Perry 2000; Hodges 2001). The frontal - or behavioural-variant
is characterized by progressive changes in personality and social cognition, with
disinhibition, loss of empathy, changes in eating patterns, stereotyped behaviours,
apathy. The temporal variant — or semantic dementia- is characterized by the
deficits in language and semantic knowledge. Physical manifestations are limited
to frontal signs as grasping, sucking and rooting reflexes, and the occasional late
development of parkinsonism. Motor neuron disease (MND) is associated with
frontotemporal dementia in approximately 15% of patients. Mean survival after
onset is approximately 6.0 to 10.4 years (Hodges 2003; Pasquier 2004).

Brain morphology visualized by MRI or CT can be normal at onset. As the
disease progresses, bilateral atrophy of the frontal lobes, sometimes asymmetrical,
and of the anterior region of the temporal lobes becomes visible. Atrophy of the
hippocampal area can also be associated with frontotemporal atrophy (Frisoni
1996). SPECT studies show hypoperfusion in the frontal lobe and anterior
region of the temporal lobes, often before atrophy can be visualized by CT or
MRI (Miller 1991).

8.1.3. Neuropathology

The definite diagnosis of frontotemporal dementia is made by
neuropathological examination. Circumscribed focal atrophy may be seen in the
frontal and/or temporal lobes, and may be accompanied by ventricular dilatation.
Although microscopic pathological changes are variable, neuronal loss, gliosis
and diffuse spongiosis in superficial layers of the cortex are lesions observed in
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all forms of FTD. The substantia nigra, hippocampus, and others subcortical
structures show neuronal loss. Immunochemistry has greatly facilitated the
diagnosis of these conditions, with the identification of disease specific
abnormalities, including Pick bodies, tau inclusions or motor neuron disease-
type ubiquitin positive inclusions. A classification of frontotemporal dementias
has been proposed based on to the pathological hallmarks (Morris 2001; Munoz
2003). However, the lesions are heterogeneous not only among the different
entities, but also among families with the same mutation, and even in the same
brain.

DFT with tauopathy is characterized by frontotemporal neuronal loss,
gliosis, and the presence of tau-positive inclusions in neurons and glial cells.
They account for approximately 30-40% of the DFT (D.M.A. 2000), among
which 50% have FTDP-17 with tau mutations. The neuropathological
characteristics of patients with tau mutations are variable, although all cases
reported to date had filamentous pathology made of hyperphosphorylated tau
protein in neurons and glial cells (Gotz 2001; Rosso 2002). The morphology of
tau filaments and the tau isoform involved is determined by whether the
mutation affects or not the splicing of exon 10, but most of the mutations cause
aggregation predominantly of insoluble four repeats (4R) tau proteins (Bué
1999). Pick disease, another form of FTD, is characterized neuropathologically
by the presence of ballooned neurons (Pick cells) containing granulofilamentous
material in cortical layers of the most severely affected areas. Pick cells are
immunostained with antibodies against alpha-B crystalline and phosphorylated
neurofilaments, but only inconsistently with tau and ubiquitin antibodies. In
addition, intraneuronal argyrophilic tau-positive round inclusions, called Pick’s
bodies, that constitute the pathological hallmark of the disease, are found
essentially in the hippocampus, dentate fascia, amygdala and ventral temporal
lobe. They are composed of tau- and ubiquitin-positive straight and twisted
filaments, that do not contain alpha-synuclein reactivity (Dickson 2001). The
insoluble tau proteins contains only the 3R isoform in most cases (Bué 1999;
Taniguchi 2004), or more rarely a mixture of 3R and 4R tau (Taniguchi 2004).

The major form of FTD without pathologically confirmed tauopathy
includes dementia with motor neuron disease (MND)-type type inclusions,
progressive subcortical gliosis and dementia lacking distinctive histology.
Dementia with MND-type inclusions is characterized by ubiquitinated neurites
in neocortex and neuronal inclusions in neocortex and dentate gyrus, containing
intermediate filaments. The inclusions are ubiquitin-positive but tau-negative
(Wightman 1992). Dementia lacking distinctive histologic features (DLDH) is
characterised by neuronal loss and gliosis only; there are no tau- or ubiquitin-
positive neuronal inclusions and no senile plaques (Knopman 1990). Zhukareva
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et al. (2001) reported a particular form of DLDH characterized by the absence of
native tau protein (Zhukareva 2001). Progressive subcortical gliosis is
characterized by frontotemporal atrophy and fibrillary astrogliosis in superficial
and deep cerebral cortical layers, and in the white matter immediately
subcortical. Immunoreactive tau is either absent (Lanska 1994), or may be
present in both neurons and glial cells in rare families with tau mutations
(Goedert 1999).

Dementia lacking distinctive histologic features is the most common
neuropathological form of FTD in a recent Japanese neuropathological study of
55 autopsied cases. The relative frequencies are 42% for DLDH, 18% for FTD
with ubiquitin inclusions, 15% for Pick disease and 11% for FTDP-17 with
identified tau mutation and inclusions (Taniguchi 2004).

8.1.4. Genetic of familial FTD

The MAPT gene and tau protein

Many cases of FTD are sporadic, but some pedigrees strongly support the
existence of an autosomal dominant entity with high penetrance. Mutations in
the MAPT gene (microtubule associated protein tau) have been identified in
approximately 25% of the probands with family histories compatible with an
autosomal dominant mode of inheritance (Heutink 1997; Dumanchin 1998;
Hutton 1998; Poorkaj 1998). The reported frequency of MAPT gene mutations
in familial forms of FTD varies among different populations and studies,
ranging from 10% to 50% (Houlden 1999; Morris 2001; Rizzu 1999). The
MAPT gene on chromosome 17 (17q21-22) encodes the tau protein, which is
widely expressed in adult human tissues including central nervous system. In
neurons, tau is mainly present in axons, where it binds to microtubule and
promotes their assembly and stabilizes the cytoskeleton. Tau is a major
component of neurofibrillary tangles, a pathological characteristic of Alzheimer
disease. In addition, the accumulation of filamentous deposits of
hyperphosphorylated tau in various brain areas is a hallmark of several
neurodegenerative diseases including frontotemporal dementia linked to
chromosome 17 (FTDP-17), and other tauopathies such as Pick disease,
progressive supranuclear palsy and corticobasal degeneration (Bué 1999).

Six major tau isoforms, resulting from alternative splicing of exons 2, 3 or
10, are expressed in the adult human brain. Exons 2 and 3 encode for a
N-terminal insertion of 29 or 58 amino acids respectively, which may play a role
in the spacing of microtubules. Alternative splicing of exon 2, or 2+3, results in
the absence (ON) or the presence of one (IN) or two (2N) 29 amino-acid
domains. Exons 9 to 13 encode the C-terminal region of the protein, containing
3 or 4 imperfectly repeated domains involved in interaction and binding to
microtubules, one of which being encoded by exon 10 (E10). Alternative
splicing of E10 results in two distinct isoforms containing either 3 (3R, exon 10)
or 4 (4R, exon 10+) repeated domains. Splicing of E10 is regulated by at least 8
cis-acting regulatory elements affecting the efficiency of normally weak 5° and
3’ splice sites (D’Souza 2000 and 2002). The 5’splice sites regulatory sequences
enhance (exon splicing enhancer, ESE) or inhibit (exon splicing silencer, ESS)
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the use of the E10 5 splice site (Lee 2001). The binding affinities of the 3R and
4R isoforms for tubulin differ. The 4R isoform binds tubulin with a 3-fold
higher affinity and assembles microtubules more efficiently than the 3R isoform
(Goeder 1990; Goode 2000). In contrast to adult human brain, in which all six
isoforms are found, with slight preponderance of 3R over 4R forms (Goedert
1990), fetal human brain expresses only the 3R isoform. This may explain the
greater stability of the cytoskeleton in adult compared to fetal neurons in
development.

In addition to E10 alternative splicing, tau is also affected by posttranslational
modifications, including glycosylation, glycation and ubiquitination. The major
post-translational modification, however, is phosphorylation of the tau protein at
at least 25 different sites. Phosphorylation of tau affects its potential to form
aggregates, in a positive or a negative manner, depending on the site of
phosphorylation (Yen 1999). Hyperphosphorylation of tau at physiological or
additional sites, alter its ability to bind to microtubules, increasing the pool of
soluble tau that may promotes tau filament assembly.

8.1.4a. MAPT mutations

Thirty-five mutations, including 21 missense mutations, 8 intronic
mutations found in the 5’ splice donor site of exon 10, 3 silent mutations and
two 3-basepair deletion in positions 280 and 296, have been identified so far in
more than 100 families. The mutations are listed in Table 1. Most are clustered
in exons 9 to 13 that encode the microtubule-binding domain, or in flanking
regions, except for two mutations in exon 1. The P301L and E10+16 are the
most frequent mutations (Rosso 2002). Ancestral founder events have been
identified for the E10+16 mutation in British, Australian and North American
families (Pickering-Brown 2004) and for the N279K in Japanese families
(Tsuboi 2002). Phenotypic heterogeneity is observed in families with MAPT
gene mutations. Some mutations give rise to variable phenotypes and/or
pathologic hallmarks in classical FTD, Pick disease (K257T, G272V, S305N,
S320F, Q336R, G389R, K369I) (Spillantini 1998; Ghetti 2000; Murrell 1999;
Pickering-Brown 2000 and 2004; Rizzini 2000; Neumann 2001; Rosso 2002;
Kobayashi 2004), pallido-ponto-nigral degeneration (N279K, V337M) (Tsuboi
2002; Clark 1998), progressive subcortical gliosis (E10+16) (Petersen 1995;
Goedert 1999), progressive supranuclear palsy (RSL, N279K, S305S, AN296,
E10+16) (Poorkaj 2002; Delisle 1999; Solvieri 2003; Stanford 2000; Wszolek
2001; Pastor 2001; Morris 2003), corticobasal degeneration (N296N, P301S)
(Spillantini 2000; Bugiani 1999), dementia with epilepsy (P301S) (Rosso 2003),
and tauopathy with respiratory failure (S352L) (Nicholl 2003).
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Table 1. Mutations of the MAPT gene and their consequences on the expression
and function of the tau protein.

Mutations Exon Tau isoforms Pathologic alteration
R5L 1 - 1 MT assembly, T FF
RSH 1 - 0 MT assembly, T FF
K257T 9 - 1 MT assembly, T FF
260V 9 - 1 MT assembly, T FF
L266V 9 - 0 MT assembly, T FF
G272V 9 Normal ratio 1 MT assembly, T FF
N279K 10 Increase 4R E10 splicing
AK280 10 Increase 3R E10 splicing, 1 MT assembly, TFF
L284L 10 Increase 4R E10 splicing
AN296 10 Increase 4R E10 splicing, I MT assembly, T FF
N296H 10 Increase 4R E10 splicing, { MT assembly, T FF
N296N 10 Increase 4R E10 splicing
P301L 10 - 1 MT assembly, T FF
P301S 10 - 1 MT assembly, T FF
S305N 10 Increase 4R E10 splicing
S305S 10 Increase 4R E10 splicing
IVS10+3 Intron Increase 4R E10 splicing

10
IVS10+11  Intron Increase 4R E10 splicing

10
IVS10+12  Intron Increase 4R E10 splicing

10
IVS10+13  Intron Increase 4R E10 splicing

10
IVS10+14  Intron Increase 4R E10 splicing

10
IVS10+16 Intron Increase 4R E10 splicing

10
IVS10+19  Intron Increase 3R E10 splicing

10
IVS10+29 Intron Increase 3R E10 splicing

10
L315R 11 Normal ratio d MT assembly, No effect on FF
S320F 11 - 1 MT assembly,
Q336R 12 - T MT assembly, T FF
V337M 12 Normal ratio 4 MT assembly', T FF
E342V 12 Increased 4R Not available
S352L 12 - 0 MT assembly, T FF
K3691 12 - 1 MT assembly, T FF
G389R 13 Normal ratio 1 MT assembly
R406W 13 Normal ratio 4 MT assembly

MT: microtubule, FF: filament formation
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8.1.4b. Effects of MAPT mutations on tau fonction

The electrophoretic tau profiles and functional consequences of tau
mutations vary according to the type and location of the mutations in the protein
(Hong 1998). Missense mutations in constitutively expressed exons affect all six
major isoforms and result in neurofibrillary tangles similar to those present in
Alzheimer disease (Goedert 1992). These mutations are associated with
predominantly neuronal tau pathology. Conversely, mutations that affect the
alternatively spliced E10, or its 5’ splice regulatory region alter the ratio of the
tau isoforms constituting tangles, resulting in filamentous inclusions resembling
those seen in other tauopathies such as progressive supranuclear palsy,
corticobasal degeneration and Pick disease. These mutations are associated with
both glial and neuronal tau pathology.

Most of the missense mutations identified so far (K257T, 1260V, L266V,
G272V, N279K, L284L, N296N, N296H, P301L, P301S, S305N, S305S,
V337M, E342V, S352L, K3691, G389R, R406W) and two deletions (AK280,
AN296) are localized in the microtubule-binding domain. All intronic mutations
and most of the mutations located in exon 10 affect alternative splicing of the
exon 10 by altering cis-acting regulatory sequences, changing the ration of 4R to
3R isoform (Hasegawa 1998). Most of these mutations increase E10 containing
mRNA, leading to a preponderance of the 4R isoform. The 5’ splicing site is
predicted to form a stem-loop RNA structure, that might regulate the E10
splicing by partially blocking access by the splicing machinery to the splice site.
Intronic mutations might destabilize this critical stem-loop, facilitating access to
and the binding of splicing factors to the splice site, increasing inclusion of exon
10. Three mutations (E10+19, E10+29, AK280), however, increase the 3R
isoform by disrupting an intron silencer modulator (E10+19) or a splicing
enhancer near the 3’ splice site (AK280) with consequent exclusion of E10.

Additionally, most missense mutations lead to a partial loss of function by
altering the ability of tau protein to bind to tubulin and to promote microtubule
assembly, and increasing its ability to aggregate (Hasegawa 1998). Most of the
missense mutations are located in the microtubule binding domain and are
hypothesized to alter tau-microtubule interactions. In vitro studies using
recombinant 4R tau have confirmed that the P301L, P301S, V337M, R406W
and AK280 mutations significantly reduce the affinity of tau for microtubules'**.
G272V, AK280, P301L, V337M and R406 W mutations reduce the ability of 3R
and 4R to polymerize tubulin. Reduced microtubule binding increase the pool of
unbound tau which is consequently available for pathological aggregation in
neurons, consistent with a toxic gain of function. /n vitro aggregation studies
with recombinant wild-type and mutant 4R tau (P301L, V337M, R406W)
incubated with arachidonic acid or heparin, demonstrated that the missense
mutations alter the ability of tau to interact with itself, accelerate tau
polymerization and increase the tendency of tau to polymerize into insoluble
filaments (Barghorn 2000; G6tz 2001).

Animal models have been generated with overexpressed normal tau protein
or with a number of different human tau mutations (P301L, P301S, G272V,
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V337M, R406W) to study its biology, neurofibrillary tangles formation and their
relationship with neuronal loss (Trojanowski 1999; Go6tz 2001). None exactly
replicate, however, the neuropathological pattern seen in human tauopathies.
Transgenic mice with the missense P301L mutation, expressing 4R tau isoforms
have motor and behavioural phenotype and an age- and gene dose-dependant
accumulation of neurofibrillary tangles (Lewis 2000; Gotz 2001). The
distribution of abnormal tau deposits in neurons, but also in oligodendrocytes
and astrocytes, mimicks human tauopathies with E10 and intron 10 mutations in
human (Lin 2003). MAPT knock-out mice are clinically normal, but embryonic
hippocampal cultures from these animals show significant delays in neuronal
maturation (Dawson 2001).

8.1.4c. Other monogenic forms of FTD

The genetic basis of familial FTD has not yet been elucidated in the 3/4 of
cases not caused by mutations in the MAPT gene. Several families with FTD, or
FTD with amyotrophic lateral sclerosis are linked to the MAPT locus on
chromosome 17 but no mutations have been found in the coding sequence of
gene, suggesting variations in non-coding regions or in another that maps close
to MAPT (Wilhelmsen 2004). In a large family, a second locus has been
identified in a 13¢M region on chromosome 3, but the responsible gene has not
yet been identified (Brown 1995; Gydesen 2002).

8.1.4d. Genetic risk factors

Non-monogenic FTD has been less well studied. Several groups have
examined the potential association of FTD with the apolipoprotein E gene, but
the results have been contradictory. Initially, Gustafson et al. and Stevens et al.
reported a higher frequency of E4 alleles and E4E4 genotypes s in patients with
FTD than in controls (Gustafson 1997; Stevens 1997). Other studies have
indicated that the E2 allele might represent a risk factor for FTD. A recent study
confirmed that the E2E2 genotype was overrepresentated in a large group of 94
FTD patients and 392 controls, suggesting that patients homozygous for allele
E2 are at increased risk for developing FTD (Verpillat 2002). The extended tau
H1 haplotype, that covers the entire human tau gene, and the HIH1 genotype
were significantly overrepresented in patients with FTD compared with controls
with an odds ratio at 1.95, confirming the primary role of tau in FTD (Verpillat
2002). The genotype QQ for the Q7R polymorphism in the saitohin gene, a
novel determinant of the H1 haplotype, was also associated with FTD.

8.1.5. Therapy

No effective therapy for FTD is available at present. Several
neurotransmitter systems are altered in the frontal cortex of patients with FTD,
and a conservative approach to restore deficient neurotransmission with
pharmacologic agents has been proposed. The principal neurotransmitters
involved in frontal lobe function are serotonin, catecholamines and
acetylcholine. Since cholinergic neurons are not affected in FTD patients,
anticholinesterases are not indicated. Decreased serotonin receptor binding has
been reported, however, in frontal and temporal cortex of FTD patients, as well
as decreased serotonin levels in CSF. The effect of serotoninergic re-uptake
inhibitors has, therefore, been evaluated. Fluoxetine, sertraline, and paroxetin
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are reported to reduce signs such as disinhibition, depression, hyperorality and
compulsive behaviours (Swartz 1997). Decreased CSF dopamine levels and
reduced binding of dopaminergic receptor ligands in the superior frontal cortex
have also been described in FTD patients (Frisoni 1994). Evaluations of
dopamine agonists have shown that bromocriptine might improves some frontal
functions, such as performances of executive functions and perseveration
(Imamura 1998). The effect of dopaminergic therapy still need further study
(Litvan 2001).

Another potential approach, is target the consequences of tau dysfunction or
aggregation (Trojanowski 1999). Phosphorylation of tau appears to be critical
for its toxicity. Tau phosphorylation, which requires the intervention of several
successive kinases in a temporally ordered sequence, has partially identified. It
has been shown that the drosophila PAR-1 kinase initiate tau toxicity by
phosphorylating tau at S262 and S356. The phosphorylation of S262 and S356 is
a prerequisite for the action of downstream kinases (GSK-3, CdkS5) that
phosphorylate other sites and generate disease associated phospho-epitopes
(Nishimura 2004). Disrupting the phosphorylation process by inactivating the
PAR-1 kinase might be expected to reduce tau toxicity. PAR-1 and the other tau
kinases may therefore be interesting targets for future therapeutic intervention in
tauopathies.
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DEPENDENCE
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1. PHENOTYPE DEFINITION

The term “alcoholism”, which covers a set of complex relationships with
alcohol, is no more used in the international literature because of its heterogeneity.
An expert group from the WHO, since 1976 (Edward et al., 1976), decided that it
was important to distinguish the alcoholic behaviour itself, the syndrome of
alcohol-dependence, and the multiple consequences of chronic alcohol
intoxication, concerning somatic, psychic and social domains. This perspective
was a core element in the building of “substance abuse” and “substance
dependence” criteria, as they are defined in DSM-III, ICD-10, DSM-IV and DSM-
IV-TR. Distinguishing two diagnostic categories is thus generally admitted:

-alcohol abuse (DSM IV TR) relates to an inadequate use of alcohol,
leading to functional impairment or a clinically significant suffering. The core
criteria are limited to social, interpersonal, physical or judicial consequences of
repeated consumptions of alcohol beverages.

-alcohol dependence is characterised by physical (tolerance and withdrawal
processes), psychological and/or behavioural symptoms, close to the Jellinek’s
“loss of control” concept.

This distinction is used for all addictive disorders and should help to describe
more homogenous diagnostic categories. Epidemiological, biological and genetic
research may thus benefit from such differences in analysing the complex entity of
alcoholic behaviours. The complexity of pathological relationships with alcohol is,
in fact, imperfectly described in international classifications.
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Alcohol abuse, as it is defined in the DSM-IV-TR, is not comparable with
the ICD-10 (WHO criteria) diagnostic of “harmful use of alcohol”. In ICD-10
criteria, negative somatic and psychic (such as depression and anxiety)
consequences of alcohol consumption are the only variables taken into account,
independently of social and interpersonal related difficulties. Patients with a
DSM or an ICD criteria of alcohol abuse could thus be different. Having the
diagnosis with one criteria is not systematically associated with the presence of
the diagnosis with the other criteria. Such discrepancy has a strong impact, with
potentially low reproducibility of researches on alcohol abu, based on the DSM
versus the ICD criteria.

Alcohol dependence also appears as an heterogeneous concept, the DSM
classification proposing to isolate alcohol dependence with or without physical
symptoms. It distinguishes a purely compulsive form of psychological
dependence, from a form with physical dependence and an increased risk of
medical consequences and relapses.

Comorbity of psychiatric disorders and alcohol abuse or dependence is
frequently observed. Once again, two types of categories are distinguished.
Independent psychiatric disorders, such as mood, anxiety, psychotic or
personality disorders, should be present before the onset of alcohol problems, or
should be detected out of intoxication periods, in abstinent patients. Mark
Schuckit proposed, in case of double-diagnostic, to distinguish primary
alcoholism -that aroused before the onset of the comorbid psychiatric disorder-
with alcoholism secondary to a mental or a personality disorder. This distinction
is important for assessing the prognosis and making treatment choice (Schukit,
1989). Accordingly, the DSM-IV-TR identifies alcohol-induced psychotic
disorder, mood disorders and anxiety disorders. Psychic symptoms, in these
disorders, develop in less than one month after alcohol intoxication and
withdrawal.

Alcohol abuse and dependence are two distinct modalities of pathological
relationships with alcohol. A large and recent epidemiological analysis, the
“National Epidemiologic Survey on Alcohol and Related Condition”, based on a
sample of 42.392 subjects residing in the United States, showed that one third of
patients with alcohol dependence did not have an associated alcohol abuse
diagnostic. This specific subgroup of patients, with alcohol dependence but
without alcohol abuse, is mainly observed in women and in certain ethnic
minorities of the United-States (Hasin & Grant, 2004). These data confirm the
heterogeneity of the alcohol-dependence concept, reinforcing the importance to
distinguish alcohol-dependence with or without physical dependence, and with
or without alcohol-abuse. Epidemiological and genetic researches, as new
treatment developments, require that homogenous phenotype of alcohol related
problems are being proposed. Current diagnostic categories imperfectly feet this
necessity.

The psychopharmacogenetics of alcohol dependence or abuse has thus to
cope with a complex phenotype, based on intuitive diagnostic criteria (satisfying
the importance of a diagnostic validity, as different clinicians may have
comparable conclusions) rather than built up from the core mechanisms that are
involved (because a large part of them are still unknown). In this view, and until
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more precise biological pathways are being clearly defined, it is expected that
such a precise approach as pharmacogenetics (i.e., defining which alcohol
dependent patient is going to benefit from a specific treatment according to its
genome) is still (but for how long?) an ambitious aim.

2. ALCOHOL METABOLISM

The pharmacogenetics of alcohol-dependence has the particularity to be
interconnected with the genetics of the vulnerability to alcohol-dependence,
because the risk for alcohol-dependence is also (but incompletely) related to the
way alcohol, i.e., the molecule ethanol (CH;-CH,-OH), is metabolized. The
specific behavioral and physiologic effects of alcohol depend (Schuckit, 1995)
on dose, distribution, and metabolism of alcohol, but also prior drinking
experience and concurrent use of other drugs for the same reasons involving
metabolism.

In humans, ethanol is rapidly absorbed by simple diffusion from the upper
gastrointestinal tract. Diffusion is slow in the stomach and mostly (70% 80%)
occurs in the intestines. The distribution of ethanol after ingestion, unbounded to
protein, is observed a few minutes after intake (the half-life of distribution being
between 7 and 8 minutes) with a prominent contact with highly vascularized
organs such as brain, lung and liver. Ethanol also has the particularity of a large
diffusion, and except for bones and fat, is unrestricted by placenta and brain
barriers.

Part of (from 2% to 10%) the ingested ethanol is directly eliminated through
air, urine and sweat, but ethanol is mainly metabolized by oxydation in
acetaldehyde and then in acetate. The main metabolism of ethanol is occurring
in the liver, with a first passage of less than 20% of the total dosage of drunken
alcohol. Quantitatively, the most important component of alcohol metabolism
occurs in the stomach by ADH isozymes (ADH6 and ADH7) and in hepatocytes
(ADH1, ADH2 and ADH3). Alcohol is oxidized to a toxic intermediate,
acetaldehyde, which is then rapidly oxidized to acetate by cytosol (ALDH1) or
mitochondrial (ALDH2) aldehyde dehydrogenase enzymes. The microsomal
ethanol oxidizing system (MEOS) located in the smooth endoplasmic reticulum
and the catalase pathway located in peroxisomes have a less important role in
alcohol metabolism (figure 1).
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Legend: ADH= alcohol dehydrogenase. ALDH= acetaldehyde dehydrogenase. MEOS= microsomal
ethanol oxidizing system. CYP2E1= cytochrome P450 isoform.

Figure 1. Metabolism of ethanol

The interplay between the kinetics of absorption, distribution and
elimination is important in determining the pharmacodynamic responses to
alcohol. There is a large degree of variability in alcohol absorption, distribution
and metabolism, as a result of both genetic and environmental factors. The
between-individual variation in alcohol metabolic rates is, in part due to allelic
variants of the genes encoding the alcohol metabolizing enzymes.

2.1 Minor metabolism pathways

MEOS activity has been attributed to CYP2E]1, an isoform of cytochrome
P450. Its role in ethanol metabolism in non-habitual drinkers is probably small,
at least when circulating ethanol concentrations are low. Catalase does not
appear to play a major role in ethanol oxidation in the liver, but is the main
enzyme to oxidise ethanol to acetaldehyde in the brain, at least under
physiological conditions.

However, upon continued exposure to ethanol, the progression of liver
injury involves ethanol metabolism via CYP2E1 and consequent oxidant stress.
Ethanol-induced oxidative stress appears to play a major role in mechanisms by
which ethanol causes liver injury.

CYP2E] is of interest because of its ability to metabolize and activate many
toxicological substrates, including ethanol, to more reactive, toxic products.
Levels of CYP2E1 are elevated after acute and chronic alcohol treatment.
CYP2EL1 is also an effective generator of reactive oxygen species such as the
superoxide anion radical and hydrogen peroxide, and in the presence of iron
catalysts, produces powerful oxidants such as the hydroxyl radical (Kessova
et al., 2003).
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The large interindividual variability of the chlorzoxazone hydroxylase
activity could be partly due to the genetic polymorphisms observed in the
CYP2E1 gene. An Rsal (in the 5’-flanking region), a Dral (in intron 6) and a
Taql (in intron 7) polymorphisms were described, with frequencies of the rare
allele above 1%. No relationship between these three polymorphisms and
CYP2EI1 activity was clearly established. Nevertheless, other results indicate
that genetic polymorphisms in the 5’-flanking region of the human CYP2E1
gene affect its binding of trans-acting factor and change its transcriptional
regulation (Hayashi et al., 1991).

Interestingly, many association studies detected that one genetic variant of
the CYP2E1 was a significant risk factor in alcohol drinkers or abusers for
alcohol-related diseases, such as a precursor of stomach cancer (incomplete
intestinal metaplasia) for patients with the cl/cl genotype (Chen et al., 2004),
alcohol-induced chronic pancreatitis for the CYP2E1 intron 6 D allele (Verlaan
et al., 2004), a higher risk of developing esophageal and lung cancer in subjects
with the homozygous mutant-type-A4/A4- (Nomura et al., 2003), or developing
breast cancer in ever-drinking women with the CYP2E1 c2 allele containing
genotypes (Choi et al., 2003).

The role of the CYP1E2 gene is thus quiet convincing in alcohol related
somatic disorders. The pharmacogenetic role of the CYP2EI is nevertheless
exposed to confounding factors that renders the assessment of its importance, for
example in alcohol related liver disease, more difficult. For example the
development of anti-cytochrome P4502E1 (CYP2EI) autoantibodies in alcohol
abusers enhances the risk of liver diseases. It is thus interesting to note that
patients with alcoholic fibrosis/cirrhosis who carry the G allele of the cytotoxic
T-lymphocyte antigen-4, had a higher risk of developing anti-CYP2EI1
autoreactivity (Vidali et al., 2003) than patients without this allele.

Less works were devoted to a direct analyse of the role of the CYP1E2 on
alcohol consumption and/or abuse, with the exception of a significant
heterogeneity with age observed in one study. The CYP2E1 Rsal polymorphism
was indeed significantly more frequently observed in subjects who had no
drinking experience although being above 68 years (odds ratio=2.4), while the
association was reversed at ages below 47 years (OR=0.5) (Raimondi et al.,
2004). This study will require replication, and the genes involved in the other
metabolic pathways seem to have a much clearer impact on alcohol
consumption.

2.2 Alcohol dehydrogenase enzyme
Alcohol dehydrogenase (ADH) is a dimeric protein responsible for the

majority of ethanol oxidation, and constitutes a complex family in humans.
Class I to V ADH isozymes exhibit tissue-specific distribution (table I).



182 P. GORWOOD ET AL.

Table 1. Classification of ADH enzymes

Class  Gene Allele Sub-unit Km*  Vmax# Location
(tissue)
I ADHI1 ADHI1 [0 4.40 23 Liver
ADH2  ADH2*1 B1 0.05 9  Liver, lung
ADH2*2 B2 0.94 340  Liver,
stomach
ADH2%3 B3 34.00 320
ADH3 ADH3*1 vl 1.00 88
ADH3*2 Y2 0.63 35
II ADH4 ADH4 i 34.00 20  Liver
III ADHS5 ADHS5 X 1,000.00 Ubiquitous
v ADH?7 ADH?7 o,u 37.00 1510  Oesophagus,
stomach
A% ADH6 ADH6 ? ? ?  Liver

*Km (Michaelis constant) represents the concentration of ethanol for which the enzyme is activated
at 50% of its biggest potential. #Vmax represents the maximum speed of the enzyme activity, by
enzyme mol and minute.

The allozymes exhibit distinct maximal activities due to single amino acid
exchanges at different sites in the coenzyme-binding domain. Six ADH genes
have been characterized (Pastino et al., 2000). Among them, only the ADH2 and
ADH3 isoenzyme are polymorphic (table I). Among the 4DH?2 locus, the ADH2'
encodes for the B' subunit with low activity, rarely expressed in Japanese
(Bosron et al., 1986) and ADH2* encodes for the B* subunit with high activity.
The ADH3 locus has two alleles: ADH3', which encodes for the vl subunit; and
ADH3*, which encodes for the Yz subunit (Hashimoto et al., 2000). Because of
the large difference in kinetic properties of the B' and B* subunits, the ADH2
gene polymorphisms play an important role in individual variations regarding
ethanol elimination (Bosron et al., 1986). The ADH2 His47 allele increases the
rate of acetaldehyde formation, so that the altered enzymatic function due to this
polymorphism leads to an accumulation of acetaldehyde after alcohol intake.

2.3 Acetaldehyde dehydrogenase

Acetaldehyde is mainly oxidized to acetate by the activity of the enzyme
acetaldehyde dehydrogenase (ALDH) (Bosron et al., 1986). The acetate
produced as a result of acetaldehyde oxidation is rapidly metabolized to carbon
dioxide and water. Two major isoforms of ALDH have been identified which
play a major role in hepatic acetaldehyde metabolism. Of these, the
mitochondrial form (ALDH?2) is the more important. The ALDH2 gene has two
polymorphic forms; the ‘wild’ type gene (ALDH2') encodes the active enzyme
whereas the ‘mutant’ form (4LDH?2’) encodes an inactive enzyme (Hsu et al.,
1985; Yoshida et al., 1985). The mutant allele is rarely observed in Caucasians
but is found in some 40% of Orientals. Individuals carrying the mutant allele
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have a markedly reduced capacity to metabolize acetaldehyde and the resultant
increase in circulating acetaldehyde concentrations.

2.4 Genetics of the flushing reaction to alcohol

Acetaldehyde, which is normally virtually absent from the blood because of
the high speed of alcohol metabolism, causes a specific reaction entitled
“flushing reaction”. This reaction is very similar to that produced if alcohol is
consumed following drugs that block aldehyde dehydrogenase (for example
Disulfiram, which is an antabuse treatment for alcohol-dependence). Facial
flushing associates different symptoms such as palpitations, perspiration, nausea
(occasionally with vomiting), and headache (Harada et al., 1981; Johnson et al.,
1984). Physiological flushing when drinking small amount of alcohol is
inherited as a dominant trait (Schwitters et al., 1982b). Studies of ethnic
differences in alcohol-induced facial flushing indicate that the phenomenon is
more common in Asians (50-80%) than Caucasians (3—12%) (Goedde and
Agarwal, 1987; Schwitters et al., 1982a).

All enzyme specificities that reduce the speed of acetaldehyde catabolism
(such as slow ALDH), or increase the speed of acetaldehyde production (such as
fast ADH), may increase the risk of facial flushing. Indeed, the ALDH2* gene
contributes to the manifestations of increased blood acetaldehyde after alcohol
drinking (Harada et al., 1981; Takeshita et al., 1985). ALDH2 is responsible for
most acetaldehyde metabolism in hepatocytes, and the inactive allele Lys487
acts dominantly. In the epidemiology of alcoholism, the ALDH2 Glu487Lys
polymorphism plays the most important role. Glu487/Lys487 heterozygotes
have little residual enzyme activity because one Lys487 subunit is sufficient to
largely inactivate the ALDH2 tetramer. The flushing reaction is immediate in
Glu487/Lys487 heterozygotes after consumption of even one drink of alcohol
(Harada et al., 1982), and is most severe in Lys487/Lys487 homozygous
individuals. The frequency of Lys487 is approximately 30% in Japanese and
Chinese (Bosron and Li, 1986; Thomasson et al., 1994; Higuchi et al., 1995;
Chen et al.,, 1996). Therefore, approximately half the Japanese and Chinese
populations experience flushing after alcohol consumption.

The action of the ALDH2 Lys487 allele is additive with the ADH2 His47
allele (Chen et al., 1996), a catalytically more active ADH2 allele that is
independently associated with higher acetaldehyde levels and flushing (Impraim
et al.,, 1982; Hsu et al., 1988). The His47 allele is also found in non-Oriental
populations. Monteiro et al., (1991) estimated that His47 accounts for 20 to 30%
of the variance in alcohol intake variance between two groups of light drinking
and heavy drinking Israeli Jews, and proposed that the relatively high frequency
of the His47 allele in that population might contribute to lower levels of alcohol
consumption among Jews. An ADH3 polymorphism Ile271Val also produces a
difference in enzyme activity, and the superactive allele (Val271) is again more
abundant in East Asia (Tanaka et al., 1992; Edenberg and Bosron, 1997).

Because the ALDH2 Lys487 and ADH2 His47 alleles, aversive for alcohol
intake, are common in Asian countries (including China, Japan, and Korea) but
rare in Caucasian and African populations (Enomoto et al., 1991; Yoshida et al.,
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1991; Goedde et al., 1992; Bosron et al., 1993), they have been studied to
explain why rates of alcohol dependence are lower in many Asian populations
compared to Caucasian populations. Even at an individual level, there has been
so far only one reported case of an alcoholic Lys487/Lys487 homozygote, and
this individual had an unusual drinking pattern in which small amounts of
alcohol were drunken regularly throughout the day (Chen et al., 1999b). The
genetic polymorphisms of ADH and ALDH enzymes could thus modulate the
risk of alcohol-dependence. Increasing negative consequences of drinking
alcohol use, but does not abolishes, the risk of alcohol abuse. In Lys487/Glu487
heterozygotes, the risk of alcoholism is reduced 4- to 10-fold (Thomasson et al.,
1994). The ADH3 gene could also be involved, but findings of association of
ADH3 to alcoholism vulnerability appear to be attributable to linkage
disequilibrium with ADH2, located in the same gene cluster on chromosome 4q,
at a distance of only 15 kb (Chen et al., 1999a; Osier et al., 1999).

It is of interest that the protective effect of alcohol metabolic gene
polymorphisms may have a different impact according to environmental
backgrounds or thresholds (Goldman, 1993). Tu and Israel (1995) found that the
ALDH2-specific odds ratio for alcoholism was only about 2:1 among individuals
of Korean and Taiwanese ancestry when they were born in North America.
Acculturation accounted for 7 to 11% of the variance in alcohol consumption,
and the ALDH2 polymorphism predicted two-thirds of the vulnerability to
alcohol consumption and excessive alcohol use. Furthermore, in Southeast Asian
populations with similar ALDH2 Glu487Lys allele frequencies, there are large
differences in the prevalence of alcohol dependence (i.e., 2.9% in Taiwan and
17.2% in Korea).

These results concern alcohol metabolism, without considering the effect of
ethanol on the brain. If it is easy to admit that genes that increases the negative
effects of drinking modulates the risk of alcohol-dependence, it is important to
look at other candidate genes that may explain why few patients that use alcohol
do get dependent, even in populations that do not have mutant forms of the ADH
and ALDH enzymes, and why some patients with mutant forms of these
enzymes can become alcohol-dependent. For this, the direct impact of alcohol
on the brain, and more specifically on reward circuits is needed.

3. NEUROTRANSMITTER SYSTEMS INVOLVED IN ALCOHOL
CENTRAL EFFECTS

Neurotransmitter systems involved in alcohol dependence include pathways
triggered by the excitatory amino-acid glutamate, the inhibitory neurotransmitter
GABA, the monoaminergic neurotransmitters dopamine, serotonine,
noradrenaline as well as endogenous opioids, anandamide and other
neuropeptides (Nevo and Hamon 1995).
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3.1 Glutamate

Glutamate is the main excitatory neurotransmitter. While it can be detected
throughout the brain, its main areas of expression are the cortex and the limbic
system (Tsai and Coyle 1998). Post-synaptic glutamatergic signalling is
mediated through ligand-activated ion channels, the ionotropic glutamate
receptors or G-protein-coupled receptors, the metabotropic glutamate receptors
(Collingridge und Lester 1989, Michaelis 1998).

Acute alcohol intake leads to inhibition of glutamatergic activity (Tsai und
Coyle 1998, Spanagel and Bienkowski 2002), which is mediated by different
biochemical mechanisms (Nie et al., 1994). Alcohol inhibits NMDA-receptor
signalling by interacting with a glycine binding site with this receptor (Mihic
et al.,, 1997, Mascia et al., 2000). Voltage-clamp experiments in hippocampal
neurons revealed, that a concentration of 50 mM of ethanol is sufficient to
reduce NMDA-activated currents by 60% (Lovinger et al., 1989). Additionally,
glutamatergic signalling is reduced by an inhibitory input of GABA, which is
activated upon acute alcohol intake (Spanagel and Bienkowski, 2002).

Chronic administration of ethanol, however, is thought to lead to a
compensatory up-regulation of NMDA-receptors and resulting in tolerance to
higher dosages of ethanol. In case of acute ethanol withdrawal and consecutive
abrogation of inhibition, these up-regulated receptors are thought to mediate a
hyperexcitatory state, which underlies the clinical symptoms of ethanol
withdrawal (Tsai and Coyle 1998).

NMDA-receptor subunits are differentially expressed in brain regions and
have distinct sensitivities to the inhibitory effects of ethanol. NMDA receptor
subunits 2A and 2B were shown to be more sensitive to the inhibitory effects of
ethanol than subunits 2C and 2D (Spanagel und Bienkowski 2002), suggesting
that the receptor subunit composition is an important factor determining alcohol
sensitivity in glutamatergic neurotransmission (Kumari und Ticku 2000).
Nevertheless, various genetic association studies did not show an association of
the NMDA receptor 2B subunit with alcohol dependence (Schumann et al.,
2003a, Wernicke et al., 2003).

As acute ethanol intake inhibits NMDA-receptor function and results in a
decreased Ca*"-influx, a reduction of PKC activity was consequently observed
(Kruger et al.,, 1993, Slater et al., 1993). Chronic ethanol administration,
however, leads to increased activity due to increased expression of PKC
isoenzymes 6 and € (Roivainen et al., 1994).

Chronic exposition to ethanol decreases the activity of the cAMP-signal
transduction pathway, which is mediated through stimulatory G-proteins,
adenylate cyclase, PKA and CREB (Pandey 1998, Davis and Wu 2001).

Regulation of calcium influx is not only subject to activation or inhibition of
the NMDA-receptor with substances such as glutamate or ethanol, but is also
exerted by regulatory proteins, which can influence alcohol drinking behaviour.
One such protein is protein tyrosin kinase “fyn”, an intracellular src-like kinase
which regulates NMDA-receptor activity by phosphorylating NMDA receptor
2A and 2B subunits (Cheung und Gurd 2001). Fyn-knock out mice show
increased alcohol sensitivity and a genetic variation in the regulatory domain of
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the PTK fyn gene was shown to be associated with alcohol dependence
(Schumann et al., 2003b).

3.2. GABA

Gamma-amino-butyric ~acid (GABA) is the main inhibitory
neurotransmitter. GABA synthesis from glutamate is catalysed by the enzyme
GAD, the GAD1 and GAD?2 isoforms of which have been implicated in alcohol
withdrawal in genetic analyses of quantitative trait loci (QTL) (Buck 1997, Fehr
et al., 2003). Similar to glutamate receptors, GABA receptors can be divided
into ionotropic receptors, which are ligand-gated chloride channels (GABA,,
GABA¢) and metabotropic, G protein-coupled receptors (GABAjg), both
eliciting an inhibitory post-synaptic potential (IPSP) (Davis and Wu 2001). The
most frequent GABA, receptor complex in the human brain is a pentameric
complex, consisting of o-, -, and 7y-peptides (Mihic and Harris 1997).
Presently, 17 isoforms of the o, B-, and y-subunits have been identified in the
mammalian brain (Davis und Wu 2001). The functional heterogeneity of the
GABA, receptors is manifested in isoform-specific pharmacological properties
as well as differential expression in distinct brain regions and developmental
stages (McKernan und Whiting 1996).

The sedating effects of benzodiazepines as well as ethanol are mediated
through ligation with specific binding sites, which result in activation of central
GABA -receptors (Davis and Wu 2001, Heinz and Batra 2003). Chronic ethanol
intake leads to compensatory down-regulation of GABA 4 receptors, resulting in
increased alcohol tolerance. Upon acute alcohol withdrawal a reduced GABA-
ergic activity will reduce inhibitory signals and contribute to clinical withdrawal
symptoms (Mihic and Harris 1997; Heinz and Batra 2003).

The relevance of the GABA,4 receptor complex is supported by genetic
studies showing an association of a functional variant of the at6-receptor subunit
leading to a proline/serine amino acid exchange with alcohol tolerance and risk
for alcohol dependence (Schuckit et al., 1999).

3.3. Dopamine

In the human brain five different dopamine receptor subtypes DRDI —
DRDS5 were identified and classified in two families: The D1 receptor family is
characterised by the activation of stimulatory Gs-proteins and consists of the
DRDI1 and DRDS. The D2 receptor family, which consists of DRD2, DRD3 and
DRD4, is characterised by activation of inhibitory Gi-proteins as well as
regulation of K'-ion channels. (Forth 1996).

Dopamine secretion is inhibited by the effect of GABAergic neurons on
dopaminergic neurons in the nucleus accumbens. Activation of opioid neurons
in the ventral tegmental area induces secretion of beta-endorphin, which binds to
[-opioid receptors on the terminals of GABAergic neurons, thus, reducing the
GABAergic inhibition of dopaminergic neurons (Mansvelder und McGehee
2002).
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Activation of the dopaminergic system is a crucial property of all known
addictive drugs. Dopaminergic neurons are localised in the brain stem and
modulate many brain areas via ascending fibres. Dopaminergic activity is
correlated with specific behavioural features, such as motivation and reward (Di
Chiara 1997, Baumgarten und Gorzdanovic 1997, Wise 1988), which are
triggered by dopaminergic stimulation of the nucleus accumbens in the ventral
striatum (Robinson und Berridge 1993, Di Chiara 1995, Heinz 2000).
Conditioning experiments have shown that receptors of both the D1 family
(Shippenberg und Herz 1987, Weed und Wolverton 1995) and the D2 family (Le
Foll et al., 2000) are involved in mediating positive reinforcement processes.
While dopaminergic stimulation is thought to induce craving (Robinson und
Berridge 1993; Verheul et al., 1999), activation of opioid receptors in the vebtral
striatum could be responsible for the pleasant feeling associated with alcohol
intake (Heinz und Batra 2003).

In alcohol dependent patients a reduced sensitivity of hypothalamic DRD2
receptors was observed (Balldin et al., 1992, Heinz et al.,, 1995a). Animal
experiments in rats showed a decrease of density in ventral and dorsal striatal
DRD?2 receptors upon chronic alcohol administration (Rommelspacher et al.,
1992). Furthermore, a reduction of dopamine transporter (DAT) activity in the
striatum was observed (Heinz et al., 2000). Thus, chronic alcohol consumption
leads to adaptive measures, which counteract excessive stimulation and
contribute to the maintenance of homeostasis (Koob und Le Moal 1997).

There has been a very large number of studies on the genetic
polymorphisms of receptors, transporter or regulating enzymes related to
dopamine transmitter in alcohol-dependence (for review, see Goldman, 1995).
The most frequently studied dopamine receptor gene analysed in alcohol
dependence is the Taql polymorphism of the dopamine receptor D2 (DRD2),
representing at least 40 different studies and more than 4,500 patients. One
hypothesis is that patients with the A1l allele of the DRD2 gene have a “reward
deficiency syndrome”, leading to drink more alcohol to get an equivalent “high”
effect than patients without this vulnerability allele, thus increasing their risk for
alcohol dependence (Comings & Blum, 2000). A pharmacogenetic approach
was used accordingly, probably for the first time in alcohol-dependence.
Lawford et al., (1995) tested, in a double-blind study, the efficacy of
Bromocriptine, a DRD2 agonist, versus placebo, administered to alcohol
dependent patients with either the vulnerability Al only the A2 allele of the
DRD2 gene. As the greatest improvement in craving and anxiety occurred
in the bromocriptine-treated A1 alcoholics, this study demonstrated that choosing
the most adequate treatment on the basis of each patient’s specificities regarding
different candidate genes is possible. As bromocriptine is usually not well
tolerated, and as the study had different methodological limitations (sample too
small, follow-up to short, no replication...), this study has more heuristic than
pragmatic virtues.
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3.4. Serotonin

Presently, 7 different families of Serotonin transporters have been observed
(5-HT1-5-HT7). With the exception of 5-HT3, which is a ligand-activated ion
channel, all are G-protein-coupled receptors. Serotonin is synthesized in neurons
originating from the raphe nuclei of the brain, an area which influences
attention, emotion and motivation (Copper et al., 1991, Lovinger 1997). Axons
of these neurons extend to many cortical and subcortical regions, including the
amygdala and the nucleus accumbens, where they secrete Serotonin
(Baumgarten und Grozdanovic 1997; Lovinger 1997).

Chronic consumption of alcohol stimulates serotonin release and
compensates for an existing serotonin deficit (Fils-Aime et al., 1996, Heinz und
Batra 2003). A pharmacologic decrease of the central 5-HT concentration results
in increased alcohol consumption (Nevo and Hamon 1995).

Genetic studies have demonstrated associations of 5-HT1B (Tyndale 2003;
Lappalainen et al., 1998) and 5-HT2A (Tyndale 2003) with different phenotypes
of alcohol dependence. Ethanol leads to increased ion-influx mediated by 5-HT3
receptors (Lovinger und Zhou 1994).

Synaptic concentration of serotonine is regulated by the serotonine reuptake
transporter (5-HTT) (Lovinger 1997). Chronic alcohol consumption leads to an
adaptive decreased activity of this transporter (Heinz et al., 2004). A functional
variant in the promoter of 5-HTT consisting of a variable number of tandem
repeats (VNTR) and leading to differential activity of the 5-HTT (Lesch et al.,
1996) was associated with alcohol dependence in several studies (Tiirker et al.,
1998, Schuckit et al., 1999, Sander et al., 1998). While selective serotonin
reuptake inhibitors (SSRI’s) influence alcohol intake in patients, the
interindividual response is very large, leading to a decrease of alcohol
consumption between 10 70% (Naranjo und Knoke 2001).

The recent development of a 5-HT3 antagonist, Ondansetron®, in alcohol-
dependence, interestingly had a specific activity (regarding decrease in drinks
per day, drinks per drinking day, and alcohol-related problems) in young onset
alcohol dependent patients, excluding late onset patients. As Cloninger showed
that young onset alcohol dependence (i.e., type II) has a more important
heritability than type I alcohol dependence (Gilligan et al., 1987), it is possible
that genetics, for example 5-HT; genetic polymorphisms, may help to
disentangle this specific activity.

3.5. Noradrenaline

Biochemical studies show that alcohol withdrawal leads to increased release
of noradrenaline. Furthermore, severity of withdrawal positively correlates with
noradrenaline concentration (Linnoila et al., 1987), indicating activation of the
sympathetic nervous system. The murine gene for the noradrenaline transporter
(NET) is localised on chromosome 8§, in a region where a QTL for alcohol
sensitivity was identified. In genetic studies, however, no association with
variants of this gene and phenotypes of alcohol dependence could be
demonstrated so far (Samochowiec et al., 2002).
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3.6. Opioids

Endogenous opioids include endorphins, enkephalins and dynorphines,
which bind to p-, 8- and k-opioid receptors, respectively (Akil et al., 1998,
Smith und Lee 2003). While enkephaline-producing neurons are localised in
many different brain regions, beta endorphine- and dynorphin-producing
neurons are mainly localised in the hypothalamus (Froehlich 1997).

Opioidergic signal transduction is mainly mediated by Gj,-proteins,
consisting of an o— and a By-subunit, which bind to different effectors, thereby
regulating signal transduction through adenylate cyclase-, phosphoinositol- or
MAP-kinase pathways (Fabian 2001). In target neurons, opioid receptor
signalling has an inhibitory effect, which can manifest itself as pain relief,
euphoria or behavioural alterations (Froehlich 1997).

Ethanol alters binding properties of opioid receptors, synthesis and secretion
of endogenous opioids (Herz 1997). Alcohol consumption leads to the secretion
of endorphins (Johnson and Ait-Daoud 2000), which bind to p-opioid receptors
resulting in an inhibition of GABAergic neurons, which express L-opioid
receptors. Reduced GABAergic output leads to disinhibition of dopaminergic
neurons in the striatum and the ventral tegmentum, thus leading to an increased
synaptic dopamine availability (Spanagel et al., 1992, Heinz und Batra 2003)
and the feeling of pleasure related to alcohol consumption (Herz 1997).

Conversely, opioid receptor antagonists such as naltrexone can reduce
alcohol intake and decrease the relapse rate in patients with alcohol dependence
(Nille, 2000). Their success in relapse prevention, however, is limited.
Characterisation of specific subgroups of addicts, which respond better to the
given medications may aid in predicting the results this medication.

3.7. Cannabinoids

Identification and cloning of the cannabinoid receptor (Matsuda et al., 1990)
led to increased molecular biological studies of the role of this system in
addiction disorders. Cannabinoid receptor type 1 is a G protein-coupled receptor
activating adenylate cyclases (Rhee et al., 1998) and PKA (Deadwyler et al.,
1995). Alternative signal transduction pathways are mediated by Phosphoinositol
— 3 Kinase (PI3Kinase) and MAP-kinase pathway (Sanchez et al., 1998).

Recent studies have demonstrated a neuromodulatory role for the
endocannabinoid system in alcohol dependence. Chronic alcohol consumption
leads to an increased secretion of CBl-receptor agonists and a consecutive
downregulation of the CB1 receptor (Basavarajappa und Hungund 2002). Since
activation of the CBl-recptor system increases search for alcohol in animal
models, a participation of this system in excessive alcohol intake is likely
(Basavarajappa & Hungund 2002). Furthermore, the blockage of the CBI
receptor with a specific antagonist (SR147778, Rimonabant®) blocks the
consumption of alcohol in rodents. Indeed, Rimonabant® decreases rewarding
effects of opiates, nicotine, cannabis and alcohol in animals (Cohen et al., 2002).
Hence, it is of major interest in the treatment of addictions, as it has already been
shown for the treatment of nicotine dependence (LeFoll et al., 2004).
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Genetic studies of the CB1 gene (CNRI, 1359A/A polymorphism) in
alcohol dependent patients showed contradictory results, with one positive
association (Schmidt et al., 2002) with severe withdrawal symptoms such as
delirium tremens, and one negative result with the same phenotype (Preuss et al.,
2003). The complete sequence of the CB1/Cnrl human gene is now available,
and will certainly allow pharmacogenetic analyses of Rimonabant efficacy in
tobacco dependence, and potentially in other addictions.

4. TREATMENT OF ALCOHOL-DEPENDENCE

The p-opioid receptor antagonist Naltrexone and Acamprosate, which
interacts primarily with the glutamatergic system, are the two most commonly
used drugs for secondary relapse prevention in alcohol dependence in Europe. A
number of double blind studies conducted during the last decade have shown
that both, Naltrexone and Acamprosate prevent relapse in a relevant portion of
patients — but not in all (Garbutt et al., 1999, Berglund et al., 2003). The results
of recent meta-analyses suggest that the number of patients needed to treat in
order to prevent one additional relapse of alcohol is about 7.5 for Acamprosate
(Mann et al., 2004). This ratio points towards the need to identify predictors for
response to pharmacological relapse prevention. Pharmacogenetic research may
be useful in attaining this goal. Whereas for Acamprosate no pharmacogenetic
analyses have been preformed, a recent study describes a dramatic improvement
in treatment success for a specific genotype of a genetic variation of the
p-opioid receptor (Oslin et al., 2003.) Therefore, we will focus in this chapter on
the biological effects of Naltrexone as they relate to secondary relapse
prevention and to the identification of genetic predictors for treatment success.

One pharmacogenetic study analysed the impact of Naltrexone, an
antagonist for the mu-opioid receptor, on the reduction of “rate of relapse” and
“time to return to heavy drinking” in 82 alcohol-dependent patients who
successfully completed detoxification from alcohol, compared to 59 controls.
The potential impact of this pharmacogenetic approach is particularly rich
according to the biological background of alcoholism, as detailed in the
“neurotransmitter systems involved in alcohol central effects” section.

Indeed, many studies showed the potential interest of Naltrexone in alcohol-
dependent patients. Volpicelli initially showed that Naltrexone reduced the risk
of relapse (one alcohol-dependent patient out of four relapsed with Naltrexone
compared to one patient out of two when treated by placebo), but also for the
intensity of alcohol craving and days in which any alcohol was consumed
(Volpicelli et al., 1992). As only 35 patients were treated by Naltrexone, this
study could have been considered as a preliminary finding. Nevertheless, a nice
replication was published in the same issue of the Archives of General
Psychiatry. In a population of nearly 100 alcohol-dependent patients, Naltrexone
was found superior to placebo in measures of drinking and alcohol-related
problems, including abstention rates, number of drinking days, relapse, and
severity of alcohol-related problems (O’Malley et al., 1992). The efficacy of
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Naltrexone was assessed in other studies, the majority of them confirming the
efficacy of this compound (Oslin et al., 1997; Chick et al., 2000; Anton et al.,
2001; Monti et al., 2001; Morris et al., 2001), although not systematically
(Kranzler et al., 2000; Krystal et al., 2001). Interestingly, some clues were
proposed focusing on which clinical parameter Naltrexone could be effective.
As alcohol dependence phenotype and addiction processes are particularly
complex and heterogeneous, it is important to disentangle the mechanism by
which a treatment may help patients to maintain their abstinence. A correct
phenotype definition in pharmacogenetics is as important as looking at the
appropriate polymorphism(s) of the involved gene(s).

Naltrexone blocked the euphoria produced by ethanol (Volpicelli et al.,
1995; King et al., 1997). This clinical symptom of “feeling high” constitutes one
of the most frequently quoted factor to explain relapse, and is presented as a way
to cope against depressed mood (Strowig, 2000). As an opioid antagonist should
block or reduce the effect of alcohol on opioid receptor activity, treated subjects
are expected to be less reinforced by alcohol. Indeed, Voplicelli et al., (1995)
found that from the reported alcohol effects during lapse from abstinence by
detoxified alcoholics receiving Naltrexone, feeling “high” was the only
parameter that significantly distinguished patients treated by Naltrexone
compared to those treated by placebo. This was not the case for craving, but the
limited size of the sample could not depict symptoms with too small effect.

The efficacy of Naltrexone in detoxified alcohol-dependent patients may
alternatively be specifically involved in reducing the risk to shift from “slip”
(i.e., punctual and occasional drinking) defined as less than 5 glasses on one
drinking occasion, and less than 5 consecutive drinking days) to “relapse”, as
the primary effect of Naltrexone was seen in patients who drank any alcohol
while attending outpatient treatment. (Volpicelli et al., 1992). In this view, the
concepts of “binge drinking” or “losing control” may be more specifically
involved regarding Naltrexone efficacy. A small dose of opiates increase alcohol
drinking in rats (Hubbel et al., 1988), the opioidergic effect of the first drink
may enhance alcohol craving and relapse. When opiate receptors are effectively
blocked by Naltrexone, the first drink would not increase opioid activity, hence
not eliciting further alcohol drinking.

An alternative mechanism could implicate the modification of stress coping
capacity, as some alcohol-dependent patients sustain a relative deficiency in
endogenous opioids after experiencing a stressful life event (Volpicelli, 1987,
Volpicelli et al., 1990; Kreek, 1996). Fuerthermore, cortisol stimulation in early
abstinent alcoholics showed a blunted response after psychosocial stress
(Lovallo et al., 2000). A successful response to stress plays an important role in
maintaining health and well-being. In recently detoxified alcoholics, the HPA
system is indeed dysregulated with non-suppression of cortisol after
dexamethasone administration. Corticotropin releasing factor (CRF) neurons,
within the paraventricular nucleus of the hypothalamus, initiate activation of the
hypothalamic-pituitary-adrenal (HPA) axis (Bell et al., 1998) and express mu-
opioid receptors. CRF neurons are thus modulated by inhibitory tone imposed
by B-endorphin neurons originating in the arcuate nucleus (Wand et al., 1998).
Central nervous adaptation to the chronic action of alcohol can be observed in
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the functional state of hypothalamic peptides regulating HPA system function
(Madeira and Paula-Barbosa 1999), and subsequent changes in pituitary and
adrenal regulation that are associated with chronic alcoholism and withdrawal
can be observed in the peripheral circulation.

Whatever the exact mechanism(s) involved for the treatment efficacy of
Naltrexone, a large inter-subjects variability is observed. Ethanol increase, in a
dose-dependent manner, the plasma level of beta-endorphin-related peptides of
subjects with a history of alcoholism, but not of subjects from families without a
history of alcoholism (Gianoulakis et al., 1996). The role of family history as a
predictor of treatment response has led to speculation that naltrexone may
function differently in genetically predisposed individuals (Oslin et al., 2003),
leading to the analysis of genetic polymorphisms of the receptor antagonised by
Naltrexone, i.e., the Opioid Receptor u 1 (OPRM1).

A classical “problem” in psychopharmacogenetics is that candidate genes
involved in the vulnerability to the disorder (i.e., vulnerability genes) have to be
distinguished from candidate genes involved in the therapeutic response to the
treatment of the disorder (i.e., pharmacogenetic genes). It is possible and
expected that a gene coding for a protein which is involved in one of the
neurobiological pathways of the disorder (i.e., dopamine in schizophrenia,
serotonin in depression, endorphin in addiction...) is also analysed in
pharmacogenetics because it belongs to specific targets of the treatment which
improves affected patients (i.e., antipsychotics in schizophrenia, antidepressants
in mood disorders...). In this view, the OPRMIgene was initially analysed in
addict patients compared to healthy controls in a large series of studies.

At least fourty-three variants were identified within the OPRM1 gene which
was physically mapped to the chromosomal region 6q24-25 (Wang et al., 1993).
Some mutations are potentially of specific interest. Some are located in the 5’
untranslated region (T-1793A, -1699Tinsertion, A-1320G, G-172T, C-111T and
C-38A), thus potentially affecting transcription rate. Three of the genetic
polymorphisms (Ser4Arg; C17T [A6V] and A118G [N40D] [G24A]) may have
functional consequences on the binding affinity of the receptor as they modify
the amino acid sequence on the N-terminal region. Lastly, other genetic
polymorphisms are located either in the third transmembrane domain (C440G
[Ser147Cys] ? [N152D]) or in the third intracellular loop (G779A [R260H],
[R265H], [S268P] and [D274]) (G877A [lle Val]) (Bergen et al., 1997; Bond
et al.,, 1998; Befort et al., 2001; Crowley et al., 2003; Wang et al., 2001). If
domains in the third intra-cellular loop (R260H, R265H) have been shown to
alter both G proteins coupling and calmodulin binding (Wang et al., 2001), the
majority of studies were devoted to the impact of the A118G polymorphism.
Indeed, the most prevalent single nucleotide substitution is at position 118 (the
G118 allele being present in 10% to 15% in the Caucasian population),
predicting an amino-acid change at a putative N-glycosylation site.

This A118G variant receptor binds beta-endorphin, an endogenous opioid
that activates the | opioid receptor, approximately three times more tightly than
the most common allelic form of the receptor (A118), without showing altered
binding affinities for other opioid peptides and alkaloids (Bond et al., 1998).
Furthermore, B-endorphin is approximately three times more potent at the
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A118G variant receptor than at the most common allelic form in agonist-induced
activation of G protein-coupled potassium channels (Bond et al., 1998). Not all
studies showed abnormalities of the OPRM1 receptor in patients with the 118G
allele (compared to wild type allele), whether it concerns alteration of the
glycosylation status of the receptor or binding affinities (Befort et al., 2001).
Nevertheless, apart from sporadic finding about patients who had a different
tolerance for morphine-6-glucuronide with versus without the G118 allele
(Lotsch et al., 2002a), pupil constrictory after administration of morphine, or
morphine-6-glucuronide (its active metabolite), was significantly correlated with
the number of this allele (0,1 or 2), presence of the 118G allele reducing the
potency of M6G in humans (Lo6tsch et al., 2002b). At a more clinical level,
heroin-dependent patients carrying both G31A and C118G genotypes consumed
relatively more drugs when compared to other addicts (Shi et al., 2002),
although the latter genotype was not independently associated with higher
consumption.

The role of the OPRMI1 on cortisol response could also be modified in
patients carrying the G118 allele. Those patients have higher cortisol
concentrations at baseline and after naloxone infusion than subjects with the
wild type allele (Hernandez-Avila et al., 2003). Furthermore, subjects expressing
the A118G receptor variant had greater cortisol response to opiate receptor
blockade (Wand et al., 2002).

If the A118G variants of the OPRM1 gene binds differentially B-endorphin,
this polymorphism offer an interesting candidate gene in addictive disorders
such as opiate dependence. Indeed, the genotype distribution was found
comparable in opiate dependent patients compared to healthy controls in
different samples, whether in was in 180 Caucasians (Schinka et al., 2002) or
100 (Tan et al.,, 2003) and 200 (Szeto et al.,, 2001) Chinese patients.
Nevertheless, negative studies were also published with samples of comparable
size (Berrettini et al., 1997) or even larger (Crawley et al., 2003; Franke et al.,
2001. German; Gelernter et al., 1999. European and African).

The association that was sometimes detected seemed to be unrelated to a
specific type of dependence (Schinka et al., 2002). In addition, the A118G
polymorphism seems to have a role on cortisol level and/or response, which may
be involved in the vulnerability to other type of dependence, such as alcoholism.
Just as for opiate dependence, case-control studies have failed to demonstrate a
consistent association between OPRM1 sequence variation and the presence of
alcohol dependence (Bergen et al., 1997; Berrettini et al., 1997; Bond et al.,
1998; Sander et al., 1998; Gelernter et al., 1999; Town et al., 1999; Gscheidel
et al., 2000; Franke et al., 2001; Szeto et al., 2001; Schinka et al., 2002; Crowley
et al., 2003), although sometimes showing a positive association (Kranzler et al.,
1998; Hoehe et al., 2000; Rommelspacher et al., 2001).

A German group tried to give sense to these discrepant results in alcohol-
dependence, looking at the role of the A118G genotype on an endophenotype of
alcohol-dependence, i.e., variation of central dopaminergic sensitivity during
alcohol withdrawal (Smolka et al., 1999; Rommelspacher et al., 2001). In fact,
the dopaminergic reward system is activated by both ethanol and opioids, and
genetically determined differences in the sensitivity of the endogenous opioid
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system to alcohol among various individuals may be an important factor
determining their risk for alcohol consumption. In two different samples, the GH
response (stimulated by apomorphine) measured seven days after alcohol
withdrawal was significantly increased in alcoholics with the Asn40Asp
genotype compared with those carrying the Asn40Asn genotype (Smolka et al.,
1999; Rommelspacher et al., 2001).

If the role of the A118G genetic polymorphism is difficult to demonstrate
on the large phenotype of addictive disorders, focusing on a specific aspect,
related to a precise neurobiological mechanism (i.e., an endophenotype), could
be highlighting. Following the same idea, but even closer to the potential impact
of this polymorphism, Oslin et al., (2003) analysed the clinical response of
detoxified alcohol-dependent patients to Naltrexone, shifting from an
endophenotype to a pharmacogenetic approach. This study probably represents
the single psychopharmacogenetic analysis in addictive disorder that was
performed until now. In this view it has many interesting aspects but also a
series of pitfalls. Comparing patients treated by the active compound
(Naltrexone) (1) with those treated by placebo, on the basis of a (2) follow-up
analysis, taking into account rates of relapse but also (3) the time taken to return
to heavy drinking, (4) assessing the percentage of patients treated by cognitive-
behavioral therapy and (5) looking for the interaction between the A118G
genotype and medication to explain the clinical variables of relapse constitute
five important strenghts of this work. On the other hand, the sample is based on
120 alcohol-dependent patients only, and is derived from three studies which
initially represented 466 patients, questioning the representativeness of the
studied sample. Hence, the comparisons are mainly based on the 6 patients (out
of 23) carrying the G allele who relapsed during the 12 weeks follow-up with
the 25 others (out of 48) who did not relapse but who carried the AA genotype.
Furthermore, because of this sample of limited size, it was not possible to focus
on which core clinical features or group of patients this genotype might have a
significant impact in predicting efficacy. For example, and in accordance with
the three points developed before, it will be important to assess the clinical
parameter for which Naltrexone could be effective knowing the genotype for the
OPRMI1 gene, such as possible euphoria during alcohol-consumption,
occasional drinking during the follow-up, and importance of the stress that the
patients faced during this same period. Knowing these three parameters will help
to depict by which mechanisms the OPRMI1 gene might be involved in the
Naltrexeone efficacy. In another point of view, a pharmacokinetic approach
should also be addressed, controlling for the inter-subjects variability of the
correct dosage, even if the recent development of a depot Naltrexone may
reduce the importance of this parameter (Kranzler et al., 2004). Clearly, taking
into account these aspects when testing the role of a gene in order to detect
which patient would benefit more clearly of such a product would mean a much
larger sample of patients than the first published one.
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8. EATING DISORDERS AND OBESITY

Mariken de Krom, Annemarie van Elburg, Pierre M. Zelissen and
Roger A.H. Adan

1. INTRODUCTION

Obesity is a major problem for developing and developed countries since it
provides a risk factor for cardiovascular disease, type 2 diabetes mellitus, some
forms of cancer and osteoarthritis. Eating disorders such as anorexia and bulimia
nervosa are much rarer, but are severe and sometimes life-threatening disorders
(with a 10% mortality rate in anorexia nervosa). The last decade, the knowledge
on the neural circuitry underlying regulation of food intake and energy balance,
has increased enormously with the discovery of leptin and its downstream
targets. This has opened new avenues towards the identification of drug targets
to treat eating disorders and obesity. Here, we will briefly outline the major
pathways in the brain that have been implicated in regulation of energy balance.
Genes in these pathways have been tested for association with eating disorders
and with obesity. Linkage studies indicate that there are still genes to be
discovered that play an important role in the aetiology of eating disorders and
obesity. Genetic variability between patients may underlie differences in
responsiveness to drugs used in the treatment of obesity, such as sibutramine,
and drugs used in the treatment of eating disorders, such as olanzapine.
Therefore these drugs are discussed in the context of the neural circuitry
involved in regulation of energy balance.

' Mariken de Krom, Annemarie van Elburg and Roger A.H. Adan, Rudolf Magnus Institute of
Neuroscience, University Medical Center Utrecht, 3508 AB Utrecht, The Netherlands. Pierre M.
Zelissen, Department of Internal Medicine/Endocrinology, University Medical Center Utrecht, 3508
AB Utrecht, The Netherlands.
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2. THE NEURAL CIRCUITRY OF REGULATION OF ENERGY
BALANCE

2.1. The discovery of leptin

One major breakthrough in understanding body weight regulation was the
discovery of leptin. This discovery was the result of decades of research into
mouse strains with heritable forms of obesity. Five such spontaneous mouse
mutants displaying obesity have been described until now: ob, db, tub, fat and
A, Surprisingly, the genes mutated in these mice, can all be placed into the
same anatomical and signalling route.

Ob/ob and db/db mice have identical phenotypes, each weighing three times
more than normal mice with a fivefold increase in body fat content. Data from
cross-circulation (parabiosis) experiments suggested that the ob gene was
responsible for the generation of a circulating factor that regulated energy
balance and that the db gene encoded the receptor for this factor (Friedman and
Halaas, 1998).

The cloning and characterization of the ob gene showed that it encodes a
hormone, named leptin, that is expressed abundantly in adipose tissue. The db
gene encodes the receptor for leptin. Levels of leptin are proportional to adipose
tissue mass. The discovery of leptin was received with great enthusiasm, since it
was thought that a drug mimicking leptin could treat the obesity epidemic. The
clinical phenotype of human congenital leptin deficiency is very similar to that
seen in the ob/ob mouse. Both leptin-deficient humans and mice have early-
onset obesity, increased food intake, hypo gonadism, hyper-insulinaemia and
defective function of the hypothalamo-pituitary thyroidal axis. Thus, leptin plays
a similar role in mice and humans. Indeed treatment with leptin of these rare
cases of obese individuals carrying mutations in the leptin gene, is very
successful to normalise body weight and neuroendocrine functioning (Farooqi
et al., 2002). However, most obese people have plenty of leptin, and it is
therefore thought that obese people are leptin-resistant. Consequently, research
has focused on the downstream effector pathway of leptin, which was expected
to malfunction in obese individuals.

2.2. The neural circuitry mediating leptin’s effect

Besides some peripheral tissues, such as adrenal cortex, liver and pancreas,
leptin receptors have been found in several hypothalamic nuclei that are
involved in the regulation of energy balance, which include the arcuate nucleus,
the ventromedial hypothalamus (VMH), the lateral hypothalamus (LH), the
dorsomedial hypothalamus (DMH) and the paraventricular nucleus (PVN).
Leptin receptors have also been found in brainstem nuclei such as the nucleus of
the tractus solitarius, the dorsal motor nucleus of the vagus nerve, the lateral
parabrachial nucleus, and the central gray.

The leptin-responsive hypothalamic nuclei express one or more
neuropeptides and neurotransmitters that regulate food intake and/or body
weight. The arcuate nucleus has a large density of leptin receptors. In the arcuate



EATING DISORDERS AND OBESITY 205

nucleus there are at least two different populations of neurons that are oppositely
regulated by leptin. Neurons expressing pro-opiomelanocortin (POMC) and
cocaine-and-amphetamine-related transcript (CART) are activated by high
plasma leptin levels. POMC is the precursor of the melanocortins o-, 3- and
v-melanocyte stimulating hormone (MSH) and B-endorphin. a-MSH, when
injected into the brain, decreases food intake and body weight. Neurons
expressing Agouti-related protein (AgRP) and Neuropeptide Y (NPY) are
activated when plasma levels are low, such as during starvation. The importance
of the medial hypothalamus, which includes the arcuate nucleus, was already
known for decades, since lesions of this area result in obesity, and electrical
stimulation inhibits food intake. With the discovery of leptin and its direct
effector pathways in the arcuate nucleus, the neuropeptides that probably
mediated these effects were identified. Now that important parts of the neural
circuitry underlying regulation of energy balance have been discovered, the
validation of new drug targets within these neural circuits can be explored for
the treatment of eating disorders and obesity.

The hypothalamus

igher brain centers including

TRH

Ventromedial nucleus

Brain stem
ncluding nucleus Raphe,

Leptin Insulin Ghrelin PYY Amylin

Figure 1. The neural circuitry regulating energy balance.

Major identified pathways involved in the regulation of energy balance are
depicted. Note: 1. the central position of the arcuate nucleus, where signals from
the periphery (such as leptin) reach the brain; 2. serotonergic and dopaminergic
pathways super-imposed on the hypothalamic centers involved in regulation of
energy balance.
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One of the neuropeptides acting downstream of leptin, NPY, is the most
potent orexigenic agent known when administered in the brain. Further analysis
of which aspect of feeding behavior is influenced by NPY revealed that NPY
stimulates energy intake when rats can go to food, but not when food is
administered intra-orally (Ammar et al., 2000). This suggest that NPY is
involved in the appetitive phase, but not in the consumatory phase of food
intake. Detailed analysis of how NPY regulates food intake in animal models is
important to understand the role of NPY in feeding behavior in humans.

NPY mRNA is increased in ob/ob mice and decreased after leptin treatment
or following starvation. Therefore, it was expected that increased NPY
signalling was responsible for the obesity observed in ob/ob mice. Since in
knockouts for NPY and leptin (NPY-/-; ob/ob) the obesity of ob/ob mice was
only partially inhibited, it was realised that also other neuropeptides might play a
role (Erickson et al., 1996).

In viable yellow mice (AY) such another pathway, acting in parallel to NPY,
was identified. A’ mice have ectopic overexpression of Agouti protein. Agouti is
normally only expressed in skin where it acts as an antagonist at the
melanocortin MC1 receptor, resulting in the switch from eumelanin (dark
pigment) to phacomelanin (pale pigment) synthesis. Expressed in the brain as in
AY mice, Agouti antagonises the melanocortin MC4 receptor. The activity of the
MC4 receptor is activated by MSH, which is an agonist, and inhibited by AgRP
(the homolog of Agouti expressed normally in brain), an inverse agonist (Adan
and Kas, 2003). Thus, Agouti disrupts the leptin down-stream effector pathway
by blocking the effect of POMC neurons releasing MSH. AY mice therefore have
a similar phenotype as melanocortin-MC4-knockout mice: obesity and leptin
resistance.

Thus, ob, db and A’ mice have deficits in the same genetic pathway. How
about the other two spontaneous obese mouse mutants fat and tubby? The gene
defect underlying obesity in the fat mouse is a mutation in the carboxypeptidase
E gene (Naggert et al., 1995). Carboxypeptidase E is involved in the processing
of neuropeptides like POMC but also of insulin in secretory granules. Impaired
processing of POMC could explain the obesity observed in the fat mouse
(Berman ef al., 2001). The tubby gene, a transcription factor which is mutated in
the tub mouse, is expressed in the hypothalamus. In tubby mice levels of
expression of POMC and NPY are altered (Guan et al., 1998). Thus, all five
naturally occurring obese mouse mutants have defects in leptin or its
downstream effector pathways. The primary leptin-responsive neurons are
located in the arcuate nucleus. From here, POMC/CART and AgRP/NPY
neurons have wide-spread projections to other areas of the brain involved in
regulation of food intake and energy balance. Important regions include the
ventromedial hypothalamus (VMH), the lateral hypothalamus (LH), the
paraventricular nucleus (PVN) and the mesolimbic system. In these areas so-
called second order leptin responsive neurons are present. The PVN is an
important projection area for leptin-responsive arcuate nucleus neurons.
Thyroid-releasing hormone (TRH) and corticotrope-releasing hormone (CRH)
neurons have been implicated in the leptin downstream signalling cascade
(Legradi ef al., 1997; Masaki et al., 2003). TRH influences energy balance via
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the pituitary-thyroid axis, which is involved in regulating metabolic rate. CRH,
when injected in the brain, suppresses food intake.

The VMH has been implicated in the regulation of food intake, it senses
blood glucose levels, controls digestive system functions and regulates glucagon
and insulin levels. The VMH expresses amongst other neuropeptides TRH and
cholecystokinin (CCK), and the neurotrophin brain-derived neurotrophic factor
(BDNF). CCK is a satiety factor released from duodenal mucosa, stimulated by
lipids from digestion (Noble and Roques, 2002). Injected into the brain CCK
induces satiety and anxiety (Moran and Schwartz, 1994). Therefore, the CCK
system is interesting with regard to eating disorders, since in anorexia nervosa
anxiety for ingesting food is a major characteristic.

Mice carrying mutations in BDNF signalling are hyperphagic and
hyperactive. It was shown