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Introduction

1 Introduction

1.1  The short outline on the history of psychiatry from ancient times till
present

Disorders that change personal affect and cognition have already been described in ancient
times. The ancient civilizations were convinced about the existence of supernatural powers
that caused weird behaviors in humans. During the Sumerian, Babylonian and Egyptian
Empire, people behaving in an inexplicable and abnormal way from the rest of the society
were supposed to be obsessed by demons and handling witchcraft. The western understanding
of modern psychiatry is mainly built on the ideas from ancient Greece: the theory of four
elements (earth, water, air and fire) which merged into the theory of four body fluids: blood,
yellow bile, black bile and phlegm. Hippocrates of Kos (460 — 370 BC) is one of the first
physicians that described what we would describe as personality traits nowadays and he had
the opinion that each of the basic characteristics of personality traits is caused by one of the
four body fluids which is known as the theory of four temperaments (Kapferer and Sticker,
1934). Galen (129 — 199) tried to find the physiological causes for the various human
behaviors. Taking into account the four elements, he was convinced that the various human
traits are caused either by a balance or an imbalance of those. He invented four categories
where the personality traits were allocated to: choleric, sanguine, melancholic and phlegmatic
(Linacre and Payne, 1881). From ancient times onwards until the 19 century, due to the
dominance of Christianity, most of the persons suffering from delusions or insanity had to
undergo exorcism and if this did not bring the expected result, they were mostly considered to
be completely obsessed by the devil itself and thus, they were either locked up in “lunatic
asylums” which resembled rather a prison than a mental institution or even executed in
inquisition-like trials (Catholic Church, 1995; Given, 2001; Mackay et al., 2006). The era of
Enlightment mainly in the end of the 18" century opened a new perspective on the “mentally
ill”, so that physicians started to think about professional care and therapies and that the still
predominant conception of being obsessed by demons started declining. In the 19" century in
Europe, physicians started to deal actively with the affected persons and developed concepts

about the etiology of phenomena such as mania and delusions, which can be considered as the
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attempt to categorize abnormal behavioral characteristics into entities. Jeanne Etienne
Dominique Esquirol (1772 — 1840) founded the concept of monomanias, where single
behavioral characteristics were classified based on external properties that the patient showed
(Esquirol, 1838). In parallel, the concept of “phrenology” was introduced by Franz Joseph
Gall (1758 — 1828). The concept of phrenology encompassed the conception of the human
brain as the organ of the mind and especially, certain brain areas could be allocated to
personal traits and characteristics (Simpson, 2005). The term “psychiatry” was introduced by
Johann Christian Reil (1759 — 1813) and mentioned 1808 in his article “Beytrige zur
Beforderung einer Kurmethode auf psychischem Wege” (Marneros and Pillmann, 2005;
Marneros, 2008). He assumed that there were physical and mental factors that lead to
disorders such as mania and delusion. In 1860, the term “démence précoce”, a disorder that
predominantly affected young men and led to deterioration and mental disability, was
introduced by Bénédict Augustin Morel (1809 — 1873) (Morel, 1860; Noll, 2007). The first
classification system on mental disorders was founded by Karl Ludwig Kahlbaum
(1828 — 1899). He grouped mental disorders according to course and outcome and defined the
syndrome of ‘“catatonia”, which is mainly characterized by psychomotoric effects and
depression as well as anxiety-like behaviors (Kahlbaum, 1874). His associate Ewald Ecker
(1843 — 1909) described and defined hebephrenia (“dementia hebephrenica”) (Hecker, 1871)
and cyclothymia (Hecker, 2003) during the 1870s, both disorders were the patient mainly
shows changes in personal affect. During the 19" century, two major concepts about
psychopathology and psychiatry evolved. The “unitary psychosis” concept claimed that all
kind of psychiatric disorders are based on common roots and etiology and psychiatric
disorders should be considered as a mosaic of single mental patterns. Kahlbaum and Heckel
argued against this concept based on their own studies. The valid system on the classification
on psychiatric disorders was defined by Emil Kraepelin (1856 — 1926), who is also considered
to be the founder of modern psychopathology and who introduced the concept of “dementia
praecox” as an entity of diverse psychotic disorders that were previously described by Morel
and Kahlbaum. He considered deteriorations and social retraction as a kind of “premature
dementia” and delivered the concept of a dichotomy of mental illnesses: manic depression and
dementia praecox. Eugen Bleuler (1857 — 1939) revised the “dementia praecox” concept and
introduced the term “schizophrenia” in 1911 as well as the term “autism”. Bleuler considered
the autistic phenotype as a kind of basic symptom of schizophrenia itself, although these

patients were mainly characterized by social retraction and a narcistic-like behavior
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(McGlashan, 2011). Several different clinical concepts have evolved during the research
history on mental disorders to explain their etiologies. The most accepted concept on the
etiology of mental disorders is mainly based on neurobiological fundaments. In 1950, Kurt
Schneider (1887 — 1967) published his work “Klinische Psychopathologie” which delivered
the fundament for the development of the ICD-10 and the DSM-IV diagnostic and statistical
manuals (Schneider, 1992).

One of the pioneers on the neurobiological concept of the etiology of mental disorders was
Carl Wernicke (1848 — 1905), who is mainly known for his work on brain anatomy. Due to
his extended work on neurological diseases (‘“Lehrbuch der Gehirnkrankheiten”) and his
research on brain pathology, he also published studies about etiology of psychiatric disorders
(“Geisteskrankheiten”) (Wernicke, 2007). His student Karl Kleist (1879 — 1960) extended
Wernicke’s work and is most famous for his studies on “cycloid psychoses” describing the
alternation of acute mental disorder state like mania and a long lasting remission phase
(Kleist, 1928). Karl Leonhard (1904 — 1988), following the tradition of Wernicke and Kleist,
developed the all-time mostly differentiated classification system on mental disorders
according to nosological criteria with special dedication to endogenous psychoses (Leonhard
and Beckmann, 1999). In the classical German psychiatry, the “schizophrenic” and the
“manic-depressive affective” disorders are considered to be endogenous psychoses.
Meanwhile, the term endogenous psychosis is not internationally accepted because of its
intrinsic problem of hermeneutics and the dogmatization that psychoses are not exogenically
triggered. In his publication “Allgemeine Psychopathologie”, Karl Jaspers (1883 — 1969)
questioned the differentiation between exogenous and endogenous psychoses and criticizes
the exclusivity of the endogenous psychoses concept (Jaspers, 1973). Due to the ambiguity of
the endogenous psychoses concept, the ICD system does not include these diagnoses (solely
endogenous depression). The wunitary psychosis concept (“Einheitspsychose”) defines
endogenous psychoses as a continuum of similar disorders (schizophrenia, depression) with
similar causes within an individual. The interpretation according to Wernicke-Kleist-
Leonhard is mostly focused on different etiologies and hence, different progression of
individual mental disorders. The most recent findings in research on mental disorders seem to
confirm the fact that nosology and etiology of mental disorders are of overlapping character,

based on both environmental and genetic factors.
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1.2 Main characteristics of schizophrenia, bipolar disorder, periodic
catatonia (SCZD10) and autism

Schizophrenia (ICD-10 F20.0 — F20.9) is characterized by a combination of symptoms that
are grouped into positive and negative ones. During their occurrence, positive symptoms are
very obvious, whereas negative symptoms are characterized by behaviors of decreased mental
and physical activity. The positive symptoms include disorganized behaviors, delusions and
psychomotoric phenomena. The negative symptoms appear depression-like with decreased
affect, poverty of speech and impairment of formal thinking. Schizophrenia is not an entity
but it forms a spectrum, which can be subdivided into three main branches according to
Kraepelin: paranoid-hallucinatory, hebephrenia and catatonia. The paranoid-hallucinatory
form of schizophrenia is mainly characterized by its very prominent occurrence of delusions
and hallucinations in the acute phase. Patients with hebephrenic schizophrenia mostly appear
highly disorganized and reveal low-modulated mood phases. The latter of the three types, the
catatonic schizophrenia subtype, becomes apparent by the patients’ psychomotor

disturbances, including stupor, catalepsia, mutism and echolalia.

Bipolar disorder (ICD-10 F31.0 — F31.9) belongs to the group of affective disorders where
mood variability is prominent. The patients’ affect alternates from mania episodes to
depressive-like states, occurring once or several times during life. Like patients affected by
paranoid-hallucinatory schizophrenia, hallucinations and delusions may occur during the
manic episodes. Bipolar disorder symptomatology is also known to be rather diverse and thus,
it has become accepted that it forms a spectrum depending on severity and endurance of the

symptoms, respectively.

Periodic Catatonia (SCZD10, OMIM #605419) is a subtype of unsystematic schizophrenias
according to Karl Leonhard’s classification system. The symptoms encompass derangements
of facial expression and gestures, ataxia and waxy flexibilities of the body extremities.
Patients with SCZD10 reveal hyper and parakinetic movements and during their acute states,
suffer from hallucinations and delusions. During the remission phase, symptoms from
psychomotoric disturbances remain such as stuporous facial expression and impaired

grimacing. The phenotype is highly variable due to the underlying symptomatology.
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Autism (ICD F84.0 — F84.5) is a mental disorder, where impairments of social and repetitive
as well as stereotypic behaviors are most abundant. Like previously mentioned mental
disorders, autism also forms a spectrum with respect to its symptomatology, which is known
as autism spectrum disorder (ASD). This mental disorder typically occurs during early
childhood (age 2 — 5). Children diagnosed with ASD mostly prefer to stay isolated, are
occupied with themselves and avoid interaction with peers. The intellectual abilities are very

often also impaired or very specific traits are overdeveloped (“savant”).

1.3 Neurodevelopmental hypothesis of mental disorders

There exist various hypotheses to explain the different etiologies and pathogeneses. Most
prominent are the dopamine and the glutamate hypothesis especially with respect to
schizophrenia, although these hypotheses have also been taken into further consideration for
other mental disorders. In fact, these hypotheses deliver a biochemical explanation how the
brain in patients diagnosed with a mental disorder is influenced and working. The
neurodevelopmental hypothesis can be considered as an attempt to encompass these various
hypotheses in one, although its main focus is directed to the development of the nervous
system during embryogenesis, childhood and early adulthood. Weinberger and colleagues
(1986) reported that problems during neurodevelopment as well as brain abnormalities could
deliver an explanation for the etiology of schizophrenia (Nasrallah and Weinberger, 1986;
Murray and Lewis, 1988; Murray et al., 1992; Murray, 1994; Owen et al., 2011). In patients
with mental disorders, comparative studies revealed slight differences in brain morphology. A
review of De Peri and colleagues (2012) contains analyses of 45 MRI studies on patients with
first-episode schizophrenia and bipolar disorder. There is a significant reduction of grey
matter and an enlargement of the lateral ventricles in first-episode schizophrenia patients and
a decrease of white matter in bipolar disorder patients (De Peri et al., 2012). Similar results
were reported by Nickl-Jockschat and colleagues (2011). Slight morphologic changes
identified in the functional cortical areas are linked to language and emotion (Nickl-Jockschat
et al., 2011). The prefrontal cortex, which is considered to be the domain of personality,
seems to undergo morphological changes as well. Ettinger and colleagues (2011) describe a
reduction of grey matter especially in the medial prefrontal, orbitofrontal and the temporal

regions (Ettinger et al., 2011). Brain anomalies indeed seem to be a major indicator of mental
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disorders. In patients diagnosed with autism, the growth of skull and head circumference is
increased (Saitoh and Courchesne, 1998; Courchesne et al., 2007). A multicenter MRI study
on 89 autists with various grade of symptom severity revealed various grey and white matter
aberrations in cerebellum, amygdala, cingulate cortex and the lateral prefrontal brain areas,

which are correlated with symptom severity (Ecker et al., 2012).

Mental disorders form spectra with partially overlapping symptomatologies, thus enabling to
extend the neurodevelopmental hypothesis for schizophrenia to other mental disorders. The
core ideas of this hypothesis are related to interconnectivity of the different brain areas on the
macroscopic level and on neuronal migration and axonal guidance. Altered interconnectivity
of brain areas in mental disorder patients in comparison to controls was shown in fMRI
studies. A review by Minshew et al. (2010) summarizes that in patients diagnosed with
autism, the interconnectivity between the frontostriatal areas of cognitive control and the
anterior cingulate gyrus are significantly reduced (Minshew and Keller, 2010). Impaired
interconnectivity of prefrontal cortical areas and limbic system has been reported in studies on
schizophrenia and bipolar disorder (Calhoun et al., 2011; Cerullo et al., 2012), major
depression disorder (Hasler and Northoff, 2011) and attention-deficit hyperactivity disorder
(Posner et al., 2011; Tomasi and Volkow, 2012). The time of onset of mental disorders is
another indication that supports the neurodevelopmental hypothesis. Usually, affective and
non-affective mental disorders occur accumulated between the second and the third decade of
life. In autism, it even occurs during childhood. Neurodevelopment is a process known to be
plastic and mostly adaptive during early childhood and young adulthood. Therefore, the
neurodevelopmental hypothesis delivers a good model for explanation of these disorders in
combination with environmental factors such as early-life stress as well as physical and

psychological violence during early life.

1.4 Biopsychosocial factors trigger the onset of mental disorders: gene —
environment interaction

Mental disorder usually cannot be reduced to single pathogens or noxa that cause their onset.
In fact, the etiology of mental disorders underlies multifactorial influences, which 1is
expressed by the term “biopsychosocial”. In the previous chapter, it was elucidated that both

genetic and environmental factors in a certain composition are necessary to evoke their onset.
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Among the environmental factors, chronic physical as well as psychological stress is accepted
to be one of the main factors. Stress expresses itself in a variable manner and its quantification
is difficult to perform. Interindividually, the absolute stress load is experienced differently and
thus, coping strategies of individuals vary. The first encompassing theory about
environmental and genetic factors was the vulnerability-stress model, also known as diathesis-
stress model (Monroe and Simons, 1991; Beurs et al., 2005). The core information of this
model is that early life events during childhood and young adulthood such as physical and
psychological trauma, violence and neglect favor the onset of a mental disorder in young
adulthood. Nevertheless, this model has to be taken with caution as it only suits for affective
and non-affective mental disorders that occur during early adulthood. Patients diagnosed with
e.g. autism reveal symptoms at a very early age in their lives, typically between 2 and 5 and
thus, the impact of environmental factors is supposed to be rather low here. Therefore, since
the model was introduced during the 1960s, it has been extended on the fundament of further
studies. The biopsychosocial model (Engel, 1977) encompasses biological, psychological and
social factors and takes all three factors equally into account for the etiology of mental
disorders. The most recent model on the etiology of psychiatric disorders takes three factors
into closer account: genetic susceptibility, environmental factors (stress) and social factors
(familial environment and partnerships) (Fischer, 1973; Caspi and Moffitt, 2006). All these
models are the center of controversy as none of them is able to explain completely the
complex mechanisms that underlie mental disorders. However, the biopsychosocial model
provides the best approximation to the complexity of psychiatric disorders until now. A lot of
studies indicate that the patients’ genetics massively influence the disorders’ onset and
development. A review by Van Winkel ef al. (2010) summarizes that there exist many
susceptibility loci for mental disorders, which are frequently and repetitively identified,
mainly localized on chromosome 15q and 22q (van Winkel et al., 2010). Other studies even
reveal that traits, which are associated with psychiatric disorders such as extended
aggressiveness and drug dependence, are also highly influenced by specific genotypes, mainly
in genes that are involved in the neurotransmitter system. A functional polymorphism in the
SLC6A4 gene, the short allele in the promoter of the serotonin transporter gene, increases the
vulnerability to depression in its carriers. In the investigated cohort, the carriers that are
homozygous for the short version (s/s) of the promoter had a 70 % probability to develop
major depression disorder after childhood maltreatment in comparison to the carriers of the

long version (I/1), where the probability was only 30 % (Caspi et al., 2003). Family studies
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have discovered candidate genes for traits that are common in psychiatric disorders such as
impulsive aggression, rage and exhibitionism. A study by Brunner and colleagues (1993)
identified five males in a single family that had a point mutation in the monoamine oxidase A
(MAOA) gene, where cytosine is replaced by thymine (CAG936TAG) and thus leads to a
nonsense mutation. The lack of functional MAOA in these individuals (Brunner syndrome,
OMIM: #300615) was accompanied by high impulsive behaviors and a remarkable
monoamine metabolism with increased concentrations of 5-hydroxyindole-3-acetic acid
(5-HIAA) as well as homovanilic acid (HVA) and vanillylmandelic acid (VMA) in their urine
samples (Brunner et al., 1993). Animal studies on a monoamine knockout mouse model
(MAOA ™) showed up to ninefold serotonin concentrations in catecholaminergic neurons as
well as cytoarchitectural changes in the rats’ somatosensory cortices including an increased
aggressive  behavior. The administration of the serotonin synthesis inhibitor
parachlorophenylalanine (PCPA) reversed all these effects (Cases et al., 1995). A study on
humans by Caspi and colleagues (2002) revealed the interplay of MAOA in combination with
childhood maltreatment and the development of antisocial behavior (Caspi et al., 2002).
MAOA is the enzyme that catalyzes the oxidation and thus the inactivation of monoamines
and catecholamines such as dopamine, adrenaline, noradrenaline and serotonin. Depending on
the length of a variable number tandem repeat (VNTR) polymorphism (30 bp in length) in the
MAQOA promoter (Sabol et al., 1998), carriers either show higher or lower antisocial
behaviors. Once the MAOA VNTR consists of 3.5 or 4 copies, the MAOA efficacy is 2 — 10
times higher than in those carriers that have 3 or 5 copies of that repeat (Sabol et al., 1998).
The gene x environment interaction in the study by Caspi displayed a high significance of
antisocial behaviors after childhood treatment in the low-MAOA activity group in comparison
to the high-MAO activity group, 85 % of the mistreated children with a low-MAOA activity
developed antisocial behavior later on (Caspi et al., 2002). The abundance of distinct
genotypes in another candidate gene, the catechol-o-methyltransferase (COMT), has been
implicated in the development of psychiatric disorders. A single-nucleotide polymorphism
(SNP) that either codes for G or A leads to an amino acid exchange (Vall158Met). The protein
containing the valine at this position reveals a higher enzyme activity due to higher
thermostability in comparison to the methyl variant. As COMT is highly expressed in the
frontal lobes the two different protein variants are supposed to have tremendous effects on
personality traits. A gene by environment interaction study of Caspi and colleagues (2005)

implicated that this variant is of special interest in people abusing cannabis, as carriers of the
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homozygous valine variant were ten times more likely to exhibit schizophrenic symptoms in
comparison to the homozygous methionine variant carriers (Caspi et al., 2005). Fan and
colleagues (2005) conducted an association study and a meta-analysis on 862 schizophrenic
Han Chinese and 928 non-psychiatric controls. The meta-analysis did not result in an
association of the Val variant, neither in the Asian population nor in the European. The Val
allele of COMT could also not be associated with schizophrenia in Ashkenazi Jewish and Irish
subjects (Williams et al., 2005). In spite of these findings, Craddock et al. (2006) emphasize
in their review that the COMT gene remains anyhow in focus of enduring schizophrenia
research as aside from the Vall58Met variant, there exist other functional variants. As this
gene is immediately involved in the degradation of catecholamines, it perfectly serves the
hypothesis of enhanced dopaminergic neurotransmission in schizophrenia (Craddock et al.,

2006).

1.5 Chronic stress deregulates the hypothalamus-pituitary-adrenal gland
(HPA) axis and triggers the onset of psychiatric disorders

Aside from genetic factors, environmental and social factors tremendously favor and modify
the onset of mental disorders. Chronic stress is considered to be the major actuating variable.
In 1936, Hans Selye (1907 — 1982) defined the term “stress” and in 1946, he defined the
“general adaptation syndrome” that humans develop consequently to permanent stressors such
as low and high temperature, hunger, thirst or psychological stress. Selye distinguished three
steps: at first, the body shows an “alarm state”, which enables the body to elicit energy and to
enable the flight, fright and fight mechanism. If the influence of stressors continues, the body
reaches the “resistance state”, where secondary effects occur such as ulcers in stomach and
duodenum. The last step is the “exhaustion state”, where the body is not able anymore to cope
with the stressors. The cortex of the suprarenal gland grows and further secondary diseases
such as chronic hypertension, enlargement of heart ventricles and diabetes mellitus occur,

which in the worst case can lead to death (Selye, 1946, 1974).

The HPA axis is the neuroendocrine system in higher mammals, which is immediately
responsible for acute and chronic stress reactivity of the body. It is a regulatory circuit

(feedback system) that contains several distributed endocrine hormone glands. The release of
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one hormone is dependent on the other glands’ hormone secretion. A part of the
hypothalamus, the paraventricular nucleus (PVN), synthesizes the peptides corticotropin-
releasing hormone (CRH) and vasopressin (AVP). These hormones stimulate the synthesis of
adrenocorticotropic hormone (ACTH) in the anterior lobe of the pituitary gland. The ACTH
itself stimulates the synthesis and secretion of glucocorticoids in the adrenal gland, mainly
cortisol in humans and corticosterone in rodents. The high abundance of cortisol results in a
negative feedback cycle on the anterior lobe of the pituitary gland and moreover on the PVN,

hence decreasing the CRH and ACTH production (Chrousos, 1998; de Kloet et al., 2005).

X NR3C1
Hippocampus f—
NR3C2 ()

Hypothalamus | NR3C 1<

® ®

B ———
®

Anterior
Pituitary

NR3C] ¢

Adrenal
‘ Cortex

ol

C——
I®

Figure 1.1: Schematic overview over the HPA axis and the hormonal feedback regulation system.

Cortisol as the major effector molecule of stress response is a steroid hormone, which is
synthesized from cholesterol and consists of four cycloalkane rings. Three of these rings have
cyclohexane (A-C) and one cyclopentane (D) structure and are immediately connected to each
other. At position 11 of ring C, cortisol carries a hydroxyl group. The addition or cleavage of

the hydroxyl group at position 11 is catalyzed by the enzyme 11-B-hydroxysteroid
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hydrogenase (11B-HSD) in the liver, thus leading to physically active cortisol (addition of
hydroxyl group) or physically inactive cortisone (cleavage of hydroxyl group). The
concentrations of cortisol in the blood follow both a pulsatile and diurnal rhythm. Its
concentration is usually the highest around 8:00 to 09:00 a.m., a phenomenon called cortisol
awakening response (CAR). The cortisol level reaches its highest concentration 20 to 45
minutes after awakening in 50 % of investigated people (Wust et al., 2000). The CAR follows
a diurnal rhythm, which is stimulated by the suprachiasmatic nucleus (SCN), a region in the
brain controlling circadian rhythms (Fries ef al., 2009) and it increases once the persons wake
up in light around 800 lux in the morning (Scheer and Buijs, 1999). The highest level of
cortisol in the morning declines over day to a minimum around midnight, whereas
glucocorticoids such as cortisol are released in an approximately hourly rhythm (Lightman et
al., 2008). This rhythm consequently triggers the expression of the glucocorticoids’ target
molecules, the glucocorticoid receptor (NR3CI) and the mineralocorticoid receptor (NR3C2).
Steroid hormones such as cortisol and corticosterone are highly lipophilic; hence they are
highly insoluble in blood and further hydrophilic media. Their transport to their target organs
is enabled by transport globulins such as serpin peptidase inhibitor, clade A (alpha-1
antiproteinase, antitrypsin), member 6 (SERPINA6), also known as corticosteroid binding
globulin (CBG) and by serum albumin. Once the target organ is reached, cortisol dissociates
from SERPINAG6, permeates the cell membrane and binds to NR3C1 or NR3C2, stimulating
them to homodimerize (de Kloet et al., 2005). The dimers interact with transcription factors
and other multiple co-regulators. This complex permeates into the nucleus of the cell, where it
preferably targets glucocorticoid response elements (GREs) and thus, activating transcription
of stress-associated genes, increasing gluconeogenesis and inducing anti-inflammatory
effects. Chronic stress facilitates the disruption of the fine-tuned feedback mechanism leading
to a disorder called Cushing’s syndrome (ICD-10 E24) (“hypercortisolism’), which is
characterized by permanently elevated cortisol levels after the dexamethasone suppression
test. The cardinal symptoms of this disorder are swelling of the face, hyperhidrosis, central
obesity and skin atrophy. Furthermore, psychiatric-like traits are likely to occur such as
euphoria, depression and anxiety (Wolkowitz et al., 2009; Pereira et al., 2010; Sonino et al.,
2010). The equivalent disorder to hypercortisolism is hypocortisolism, known as Addison’s
disease (ICD-10 E27.1) or “primary adrenocortical insufficiency”. In most of the cases the
patients suffer from an autoimmune disease, where the body has generated antibodies against

the cortisol-producing cells in the zona fasciculata of the adrenal cortex. The main symptoms
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of Addison’s disease are fatigue, nausea, vomiting, and hypotension that very often leads to

an exaggerated demand for sodium chloride in food.

Patients suffering especially from psychiatric disorders in the affective spectrum like bipolar
disorder, ADHD, eating disorders, social phobia and post-traumatic stress disorder are known
to report either extreme single or chronically stressful life events before the onset of their
disorder (Hudson et al., 2003; Hillegers, 2004). Furthermore, these disorders show familial
aggregation, which supports the idea of a high heritability. To date, there is no clear
mechanism known how much “stress” is needed to elicit a psychiatric disorder because
quality and quantity are difficult to judge. The disorder that shows the best correlation of
stressful single or chronic life events to its development is PTSD. PTSD is characterized by
the inability of the patients’ limbic system to facilitate fear extinction. Typically, patients
underwent extreme stressful life events, such as the loss of comrades and colleagues during
war battles or rescue operations as they occur during war or terror attacks. It is reported that a
modulator of the NR3CI, called FKBPS, seems to predispose for PTSD risk in survivors of
the World Trade Center Terror attacks (Sarapas et al., 2011; Yehuda et al., 2011) and for
PTSD after childhood trauma (Binder et al., 2008; Binder, 2009). Patients diagnosed with
PTSD show an increased response after the dexamethasone suppression test (Yehuda et al.,
2002; Yehuda er al., 2004) and elevated levels of CRH in the blood (de Kloet et al., 2008).
Yehuda and colleagues (2001) are convinced that the strong effect of the dexamethasone
suppression test is due to an enhanced negative feedback by cortisol and an increased
sensitivity of NR3C1 (Yehuda, 2001). Aside from the massive environmental effect that
evokes PTSD, it is also supposed to be highly heritable. A twin study on 4,042 monozygotic
and dizygotic Vietnam era veterans revealed that monozygotic twins show a higher avoidance
of combat exposure than dizygotic twins (True et al., 1993). The example of anxiety
disorders, especially PTSD, demonstrates that environmental and genetic factors either

contribute to their etiology or act in a protective manner.
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1.6 Mental disorders follow a complex inheritance mode but in rare cases
they appear to accumulate in multiplex families

Mental disorders are supposed to be caused by multiple factors (Kato, 2007; Nothen et al.,
2010). On the one hand, environmental factors such as stressful life events seem to trigger
their onset. On the other hand, multiple genes seem to be causative for their etiology and
pathophysiology as mental disorders usually do not accumulate within families. Conservative
estimations predict a lifetime prevalence of about 0.3 % to 1 % in the worldwide population,
depending on which kind of mental disorder (Bhugra, 2005; Fombonne, 2003, 2009; Perili et
al., 2007; van Os and Kapur, 2009). Twin studies on monozygotic twins reveal that
schizophrenia and bipolar disorder show a concordance rate of up to 85 %, whereas in
dizygotic twins it is about 15 % (Cannon et al., 1998; Sullivan et al., 2003; Perild et al., 2007,
Edvardsen et al., 2008;). These values indicate that mental disorders indeed seem to have a
genetic component, especially once the individuals share common genes as monozygotic
twins. Nevertheless, regarding the heritability values for dizygotic twins it becomes evident

that environmental factors play a major role in the onset of mental disorders.

To date, no single causative gene for mental disorders is clearly known. However, many
family and population based studies have been accomplished to find causative variants or
genes for their etiology. There are few studies that report a Mendelian inheritance mode of
mental disorders, among those schizoaffective and schizophrenic subtypes (St Clair et al.,
1990) and a CAG repeat in a gene that is located on chromosome 22q called synaptogyrin-1
(SYNGRI) supposed to cause schizophrenia (Verma et al., 2004). Another study reports the
disruption of a lipid transporter gene called ABCAI3, which was found to be disrupted in a
schizophrenic patient and which is supposed to be involved in the etiology of schizophrenia,
bipolar disorder and depression (Knight ez al., 2009). Aside from these findings, most of the
available and recently investigated susceptibility loci were found by family-based and genome
wide association studies. Susceptibility loci that contribute to the etiology of mental disorders
have been found all over the human genome (1q, 3p, 5q, 6p, 6q, 8p, 10p, 11q, 14p, 15q, 16q,
17q, 18q, 20q, 22q) (Lewis et al., 2003), although some chromosomes appear to be “hotspots”
that favor their development, among that chromosome 3p (Knight ef al., 1995; Muhle et al.,
2004), chromosome 15q (Lewis et al., 2003; Abrahams and Geschwind, 2008b; Abrahams
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and Geschwind, 2010), and chromosome 22q (Lasseter et al., 1995; Mowry et al., 2004;
Abrahams and Geschwind, 2008a).

1.7 Multiplex families segregating periodic catatonia (SCZD10, OMIM:
#605419) reveal susceptibility loci on chromosome 15q and 22q

In this study, multiplex families have been investigated that had been previously diagnosed
with a type of unsystematic schizophrenia according to Leonhard’s classification system,
termed periodic catatonia (Leonhard and Beckmann, 1999). In our previous SCZD10 genome
wide linkage study with 356 polymorphic markers in twelve multiplex families comprising 57
patients, we could show that SCZDI10 is distinctly inherited within these families. Two
chromosomal candidate loci were detected on chromosome 15ql4 (confirmed) and
chromosome 22q13.33 (suggestive) by non-parametric linkage (NPL) analyses (Stober et al.,
2000). In a second genome wide linkage analysis with four multiplex families containing 21
SCZD10-affected individuals, the chromosome 15 locus was confirmed and the borders
refined to an 11 cM region between microsatellite markers D15S1042 and D15S659 (Stober
et al., 2001; Stober et al., 2002). This fine-mapping already excluded several brain-expressed
genes such as SLCI2A6 and RYR3. By further narrowing down the borders to a 7.7 cM
interval on chromosome 15q14-15.1 in these families, the nicotinic o7 receptor gene
(CHRNA7) was also excluded (Meyer et al., 2002; Meyer et al., 2003) as well as DLL4
(McKeane et al., 2005). The strong positional candidate genes SPRED1, FAM98B, RASGRP1
and C150rf53 identified in two genome-wide association studies (GWAS) on bipolar disorder
(BD) (Ferreira et al., 2008; Smith et al., 2009) are located exactly in the region defined by our
SCZD10 families on chromosome 15q14-15.1. Mutational analysis of SPRED] additionally
excluded this gene to be causative for the etiology of SCZD10, nor being associated with it
(Ekawardhani, 2008). The previous findings within the families that support the susceptibility
locus on chromosome 15q14-15 in combination with the high and independently generated
association signals of a SNP in C/50rf53 evoked the interest to focus on that gene during this
thesis. A second genome scan by Stober and colleagues (2001, 2002) confirmed the previous
results and confined the susceptibility regions on chromosome 15q14-15 and chromosome
22q13.33 (Stober et al., 2001; Stober et al., 2002). The susceptibility region on chromosome
15q14-15 has been further confined (Ekawardhani, 2008), leading to a low number of
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susceptibility genes on chromosome 15ql14-15 including Cl50rf53, which is further

investigated in this study.

Meyer and colleagues (2001) identified a variant in the gene MLCI (Leu309Met) located on
chromosome 22q13.33 segregating with SCZDI10 in a large pedigree (Meyer et al., 2001).
Several candidate genes for SCZDI10 in this chromosomal region have already been excluded
(Realmuto and August, 1991; Ekici, 2004; Ekawardhani, 2008). One of these potential
candidate genes is BRDI, which had been associated with schizophrenia and bipolar disorder.
This gene was first cloned and described by McCullagh and colleagues (McCullagh et al.,
1999). Immunohistochemical characterization of this gene resulted in an expression in almost
all human tissues but especially high abundance in oligodendrocytes and astrocytes (Bjarkam
et al., 2009). The same group that had previously investigated the Faroese sample on common
haplotypes on chromosome 22q in bipolar patients did an association study encompassing five
genes in this area in a case-control design with 162 bipolar disorder patients,
103 schizophrenia patients and 200 controls (Jorgensen et al., 2002). The gene BRDI,
supposedly acting as a regulator of transcription, showed association with both disorders at
SNP rs138880 (p = 0.0046) (Severinsen et al., 2006). Investigations of this SNP in our
families showing linkage to chromosome 22q13.33 did not reveal any association with
SCZD10 (Ekawardhani, 2008), hence excluding BRDI as a candidate gene in our families.
Further evidence is provided with the finding that SNPs of BRDI and MLCI did not show a
significant LD in their samples (Severinsen et al., 2006). Kushima and colleagues (2010)
additionally excluded BRDI as a candidate gene in their sample. They accomplished an
association study of ten SNPs located in BRDI in a Japanese cohort consisting of
626 schizophrenia patients and 770 controls and additionally, the mRNA levels of BRDI
based on lymphoblastoid cell lines derived from 29 cases and 30 controls. None of the SNPs
showed association with schizophrenia (SCZ) and the mRNA levels of BRDI did not
significantly differ between cases and controls (Kushima et al., 2010). A replication analysis
using a combined caucasian sample from Denmark and Great Britain with 490 BD patients,
527 SCZ patients and 601 controls confirmed the results of the study by Severinsen and
colleagues (2006) and found in total five SNPs significantly associated with SCZ but not with
BD (Nyegaard et al., 2010). However, the negative findings in our families excluded BRDI as
a candidate gene for SCZD10. In 2000, Yagi and Takeichi hypothesized the implication of
cadherin molecules, which are responsible in cell-cell interaction and communication in

neurological and psychiatric disorders (Yagi and Takeichi, 2000). The gene CELSR1, which is
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responsible for cell-cell interactions in cadherin domains, was considered to be a candidate
gene in our families due to its location within the susceptibility locus on chromosome
22q13.33. The murine orthologue Celsrl shows expression in the CNS, namely developing
brain, choroid plexus, spinal cord, area postrema and ependymal cell layer (Hadjantonakis et
al., 1997). Mutational analysis of CELSRI in two SCZD10-affected family members from a
family supporting locus 22q13.33 and three controls did not reveal any mutation, which
excluded CELSRI as a candidate gene for SCZDI10 in our family (Gross et al., 2001). In
conclusion, the linkage study by Savira Ekawardhani (Ekawardhani, 2008) and the exclusion
of candidate genes of previously listed candidate genes in the 22q13.33 locus (Gross et al.,
2001; Ekici, 2004) directed our interest on MLC1 as a putative candidate gene for the etiology
of SCZD10.

1.8 MLCI mutations cause megalencephalic leukoencephalopathy with
subcortical cysts (MLC)

Independently from our study, the locus 22q had already been found in linkage study on
MLC accomplished with ten consanguineous families and three families with no known
relationship. The linkage interval is located between the polymorphic markers D22S1161
(centromeric) and n66¢c4 (telomeric), including MLCI (Topgu et al., 2000). Furthermore,
Leegwater and colleagues (2001) reported a linkage analysis on 16 MLC-affected patients
from 11 families of different ethnic origin with linkage between the MLC affected patients
and chromosome 22qy (Leegwater et al., 2001). The autosomal recessive inherited syndrome
MLC (OMIM: *605908), also known as Van-der-Knaap disease (van der Knaap et al., 1995),
is characterized by a megalencephaly and cerebral leukoencephalopathy including ataxia,
spasticity, seizures as well as delayed motor development and mental retardation, which is
caused by numerous nonsense, missense and splicing mutations (Leegwater et al., 2001;
Leegwater et al., 2002; Ben-Zeev et al., 2002; Wang et al., 2011; Yiizbasioglu et al., 2011).
80 % of patients diagnosed with MLC show mutations in MLC1, whereas 20 % do not show
any in this gene (Blattner et al., 2003; Patrono et al., 2003; Boor et al., 2006). The fact that
mutations and polymorphisms in MLCI have been identified both in MLC as well as in
SCZD10 makes it a candidate gene for the development of neurological as well as

neuropsychiatric disorders.
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1.9 SCZDI10 (periodic catatonia): an entity on its own in psychiatric
classification?

The term “SCZD10” already points to a relationship with schizophrenia, although there is
high evidence that it is not legitimate to merge these diagnoses without restrictions. Most
recent studies have shown that there is high overlap of symptomatology and etiologies among
mental disorders (Fallin et al., 2005; Carroll and Owen, 2009; Millan et al., 2012). The
application of ICD criteria would most likely give both BD and SCZ as the equivalent
diagnosis for SCZDI10 (Taylor and Fink, 2003). This observation has already started a
scientific discussion, if SCZD10 is an own psychiatric category instead of a symptom
amongst other mental disorders. In their most recent reviews, Fink and colleagues
(2009, 2010) argue that SCZDI10 should be considered as an entity on its own in the
psychiatric classification system. It occurs in multiple mental disorders, among SCZ and BD
having its own specific and characteristic symptomatology (Fink and Taylor, 2009; Fink et
al., 2010). Further emphasis is given by an example of a single patient, who had had multiple
diagnoses on mental disorders (MDD, schizoaffective disorder, adjustment disorder, PTSD,
selective aphasia, alcohol abuse) and who was finally also co-diagnosed with SCZD10

(Carroll et al., 2011).

1.10 Candidate genes for SCZD10, BD and ASD: C150rf53 (Chr. 15q14),
oxytocin receptor (OXTR, Chr. 3p25) and MLC1 (Chr. 22q13.33).

C150rf53

The further interest in the gene CI50rf53, which is located on chromosome 15q14 in the
human genome, is based on coinciding findings: 1.) the genome-wide linkage studies in our
families segregating SCZD10 pointed to a susceptibility locus in this genomic region, which
was further confined in our group, and already excluded strong candidate genes such as
CHRNA7 (Meyer et al., 2002; Meyer et al., 2003) DLL4 (McKeane et al., 2005), SLC12A6,
RYR3 and SPREDI (Stober et al., 2000, 2001, 2002; Ekawardhani, 2008); 2.) two genome-
wide association studies on BD in European American and African American individuals

mapped to C150rf53 as a susceptibility locus for BD and hence directed our attention to this
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gene (Ferreira et al., 2008; Smith et al., 2009); 3.) this gene has an unknown function and has
not yet been investigated in psychiatric disorders. Cl50rf53 encompasses 3.44 kb in the
human genome and the only identified transcript is 2,043 bp in length. It is putatively a
protein coding gene resulting in a protein with 179 AA. None of the transmembrane
prediction tools predicted a transmembrane domain and thus, it is considered to code for a

soluble protein (Predict Protein server, http://www.predictprotein.org).

OXTR

Furthermore, the oxytocin receptor (OXTR) is investigated in the present study as a putative
candidate gene that is supposed to increase the susceptibility for the etiology of ASDs. One of
the main symptoms in ASDs is the decreased ability of social interaction and impaired social
bonding. As the nonapeptide oxytocin, also known as “trust and love hormone” (Kosfeld et
al., 2005), acts through its own receptor (OXTR), genetic variations in that specific gene have
been associated with ASD. Like CRH, oxytocin is mainly synthesized in the PVN, a part of
the hypothalamus. A small share of oxytocin is produced in the SCN. Unlike CRH, oxytocin
is transported via the blood stream to the neurohypophysis (“posterior pituitary gland”) in the
Herring bodies (Jirikowski et al., 1990). It is released on demand into circulation and reaches
targets all over the body (Lee et al., 2009). Oxytocin binds to OXTR and elicits parturition,
lactation and social bonding between mother and child (Lee et al., 2009; Ebstein et al., 2009)
and has been found to improve symptomatology once administered intranasally or
intravenously into humans (Hollander et al., 2007; Bartz and Hollander, 2008; Guastella et al.
2010). Levels of oxytocin in the cerebrospinal fluid are known to change in affective
disorders. A study by Scantamburlo et al. (2007) found an increase of oxytocin-producing
cells in the PVN in human post-mortem tissue and they identified a negative correlation of
oxytocin levels and the severity of major depression symptoms (Scantamburlo et al., 2007).
As oxytocin is the facilitator of trust and social bonding between individuals, it has also been
implicated in the fine-tuning of the HPA axis and coping of individuals with psychosocial
stress. In a placebo-controlled double-blind study, 37 healthy men underwent the Trier Social
Stress Test (TSST) (Kirschbaum et al., 1993), which is an internationally accepted model for
acute psychosocial stress in a lab setting. Fifty minutes prior to the onset of stressors, the
participants (n = 37) received either intranasal oxytocin or a placebo. The salivary cortisol

levels were significantly decreased after stress in comparison to the placebo group, thus
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supporting its therapeutic abilities for coping with stress (Heinrichs et al., 2003). OXTR is
located on chromosome 3p25 in the human genome with a genomic size of 19.22 kb. The
major variant of OXTR consists of 4 exons; the predominant transcript has a size of 4,364 bp
and codes for a protein consisting of 389 amino acids (AA). The first two exons are non-
coding, the translation start site (ATG) is located in exon 3 (Inoue et al., 1994). OXTR is
expressed in the periphery of the body (uterus, kidney, ovary, testis, thymus, heart, vascular
endothelium, myometrium of the uterus and mammal glands) and the central nervous system
(Gimpl and Fahrenholz, 2001; Zingg and Laporte, 2003). The rat orthologue of the human
OXTR gene (92 % AA homology, Uniprot.org) shows the highest expression in the limbic
system, especially in the amygdala and the ventromedial nucleus of the hypothalamus
(VMH), both mediators of anxiety and sexual behaviors (Bale ef al., 2001). Urinary sample
assays from children that have been suffering from severe social deprivation (n = 21) and
have grown up in orphanages compared to controls had half the oxytocin levels than children
that had no history in social deprivation (Wismer et al., 2005). Intranasal application of
oxytocin in an fMRI study reduced the activation of bot amygdala and of brain areas that are
involved in the manifestation of fear in 15 healthy males in a double-blind crossover trial
(Kirsch et al., 2005). These data underline the importance of oxytocin for social bonding. As
social bonding is supposed to be highly impaired in ASD patients, manifold association
studies of OXTR with ASD have been accomplished in samples of various ethnicities (Wu et
al., 2005; Jacob et al., 2007; Lerer et al., 2008; Liu et al., 2010). Each of the association
studies identified different SNPs in OXTR associated with ASD, whereas the finding by Lerer
and colleagues is the most intriguing one. They investigated 18 SNPs in OXTR in 152 ASD
patients and found a haplotype consisting of five SNPs (rs237897-rs13316193-rs237889-
1$2254298-1s2268494) that was significantly associated with ASD (p = 0.009). One study
completely opposes the idea of association of OXTR with ASD. By allelic expression
imbalance assay and the consideration of RNA levels and the genotype in the amygdala, none
of the 18 investigated SNPs survived the multiple corrections for association with ASD in a
combined sample of 436 individuals (Tansey et al. 2010). Further studies elucidated the
therapeutic potential of oxytocin. Popik et al. (1992) reported that low-dosed oxytocin
improve the social cognition in rats in repeated encounters of the oxytocin-receiving animal
with those who did not (Popik et al, 1992). Oxytocin is obviously crucial for the
consolidation of short-term olfactory memory in rats. Female Wistar rats showed increased

exploratory behaviors towards juvenile rats in comparison to those that they previously
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encountered; the only condition was that the time delay did not exceed 180 minutes. The
application of an oxytocin receptor antagonist (des-Gly-NH2 d(CH2)5[Tyr(Me)2Thr4]OVT)
reversed these effects (Engelmann ez al., 1998). In another study it was discovered that male
oxytocin knockout mice (Oxr ") revealed social amnesia towards conspecifics in their cage.
The social memory could be reestablished after intervention with oxytocin (Ferguson et al.,
2000). There exists a conditional knockout mouse model of the oxytocin receptor (Oxtr */*).
The lack of Oxtr expression has especially massive effects on the formation of
interconnectivity within the central nervous system. From Oxtr '~ mice it is reported that they
show obvious disabilities to recognize their family members (“social amnesia”) and showed
increased aggressive behaviors, hence supporting its implication in the pathogenesis of
psychiatric disorders such as ASD. Female Oxtr = mice show impairments in maternal
behaviors. They spent significantly less time with crouching over their pups and additionally,
the pups are more often scattered around the cage in comparison to WT mice (Takayanagi et
al., 2005). Low functioning autistic children that were demanded to speak in public showed
increased basal oxytocin levels but normal cortisol levels in comparison to healthy controls
(Jansen et al., 2006). Intervention studies of oxytocin in ASD patients demonstrate the
positive effects on cognitive abilities. Stereotypies, such as repetitive behaviors, were
significantly reduced over time subsequently to four hours of oxytocin infusion in patients
diagnosed with Asperger syndrome and autism in comparison to the placebo group. The more
often the patients were infused with oxytocin, the better they performed during the repetitive
autistic behaviors tests (Hollander ef al., 2003). Similar results could be achieved in a further
double-blind controlled intervention study on 15 patients, nine diagnosed with Asperger’s
syndrome and six with autism. The participants either received four hours of oxytocin or
placebo infusion. At baseline and continuously each 30 min up to 240 min after intervention
start, the comprehension of affective speech was tested. Patients that had received oxytocin
performed better in the affective speech test and showed less social retention versus the
placebo group (Hollander et al., 2007). The therapeutic implications and their potential in
treatment of ASDs have been summarized in a review by Bartz and Hollander (Bartz and

Hollander, 2008).
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MLCI1

In 2001, Meyer and colleagues detected a rare genetic variant (Leu309Met) in the MLCI
gene, which segregates within an extended pedigree in seven SCZDI10-affected members
(F21) and which was not found in 327 unrelated controls (Meyer et al., 2001). The affected
patients were heterozygous for this mutation (Leu/Met), which led to the conclusion that
SCZDI10 could be inherited via an autosomal-dominant inheritance mode with variable
penetrance. Another study investigating 140 individuals affected by SCZD10 and a further
family with SCZD10-affected members revealed two affected patients among the SCZD10
individuals carrying the Leu309Met variant in MLCI; this variant did not furthermore
segregate among the SCZD10-affected members of the investigated family (Rubie et al.,
2003). Despite that, it is still considerable finding as the investigated family in the study by
Rubie and colleagues originates from the same local area as those investigated in the studies
by Stober and colleagues as well as Meyer and colleagues. A founder effect is a possibility to
explain the abundance of this variant within these families. The genetic variant was
transmitted by the father, who had not been previously explicitly diagnosed with SCZD10, yet
showing symptoms similar to dementia (Ekawardhani, 2008). Variable penetrance could be an
explanation for the transmission of this variant from the allegedly healthy father to his child.
Further association and mutation analysis studies on SCZD10, BD and SCZ-affected patients
could not identify the Leu309Met variant (McQuillin et al., 2002; Devaney et al., 2002;
Jorgensen et al., 2002; Kaganovich et al., 2004). Ewald and colleagues commented the study
conducted by Meyer and colleagues in 2001. Although they were not able to identify the
Leu309Met variant in any of the investigated persons (80 BD and 84 control patients from
Denmark), they emphasized that this variant remains a promising risk allele for SCZ (Ewald
and Lundorf, 2002). Furthermore, a protein sequence similarity of MLCI with the potassium
voltage-gated channel subfamily A member 1 (KCNAI) at about 24 % indicates that MLC1
could possibly function as an ion channel (Meyer et al., 2001; Crespi and Thiselton, 2011).
Electrophysiological experiments conducted by Kaganovich and colleagues on MLCI1
expressed in Chinese hamster ovary (CHO) cells led them to the conclusion that MLC1 does
not show any voltage-gated ion channel activity (Kaganovich et al., 2004). Yet, ion channel
activity of MLC1 cannot be excluded for sure. The ion channels KCNAT1, which revealed a
sequence similarity of 24 % with MLC1, serves as a good example for the complexity of these
proteins. KCNA1, a heteromultimer, is highly expressed in the central nervous system.

Depending on the target tissue, the KCNAI1 channel forms combinations with different
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subunits. In three different tissues (white matter, grey matter and spinal cord), the Kvl.1
subunit encoded by KCNAI forms oligomeric compositions with further Kv1.x subunits: five
in the grey matter, two in the white matter and two within the spinal cord (Coleman et al.,
1999). This fact is of special interest since manifold mutations in the KCNAI gene have been
described to cause a disorder called episodic ataxia, in which patients suffer from stress-
induced motor impairments with predominant manifestation during early adulthood (Browne
et al., 1994; Browne et al., 1995; Adelman et al., 1995; Comu et al., 1996). The motor
impairment as main characteristic in familial episodic ataxia indicates the putative
relationship to SCZD10. The different ion channel assembly is linked to altered excitability.
Heterologous co-expression of KCNE4 in Xenopus oocytes and mammalian HEK293 cells
has a significant effect on the excitability of KCNAT1 heteromeric complexes but none on
KCNAT1 homomeric ones (Grunnet et al., 2003). In mouse primary hippocampal cultures,
there is a clear correlation between days in vitro (DIV) and the expression of different Kv1.x
subunits (Grosse et al., 2000). At first, KCNA1 is expressed at DIV 10-12, KCNA2 at DIV
12-14 and at DIV 16-20, KCNA1 to KCNA6 are expressed in these primary cultures.
Quaternary structural effects also have an impact on the ion-channels’ functionality. Adjacent
positioning of KCNA genes had a significant effect on the activation and inactivation kinetics
in comparison to diagonally positioned ones (Al-Sabi et al., 2010). Teijido and colleagues co-
expressed MLC1 and KCNA1 due to their sequence similarities in Xenopus oocytes and a
HEK293-derived cell line. No ion channel activity could be detected after application of
whole-cell patch clamp pulse protocols from -140 mV up to +100 mV. Even after
pharmacological intervention which increases cytosolic cAMP, no ion channel activity could
be measured (Teijido et al., 2004). Thus, it is very likely that MLCI1 needs an interaction
partner to assemble in order to receive an ion channel function. One example for that is given
by a study of Lopez-Hernandez and colleagues (2011). They show that the protein Glial CAM
is co-localized with MLCI in astrocyte junctions and that a mutated version of GlialCAM
leads to a disruption of the MLC1-GlialCAM complex (Loépez-Herndndez et al., 2011).
Perhaps this had been the missing subunit or interaction partner of MLC1 in the
electrophysiological experiments by Teijido and colleagues (2007), which had led to a failure
of identifying MLC1 ion channel activity. Once known, MLC1 should be investigated in an in
vitro study focusing on the time course of protein expression in combination with

electrophysiological investigation.
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The MLC1 gene produces transcripts of variable length but predominately one of 3,933 bp in
size, coding for a protein consisting of 377 AA (Ensembl genome browser, rel. 66). The
predominant transcript consists of twelve exons and to date, multiple transcription start sites
(TSS) have been identified, although not otherwise specified yet. MLCI is located on the
reverse strand and encompasses a length of almost 26 kb in the human genome. Its
implication in the etiology of SCZD10 is supported by the high abundance of this protein in
the human brain, especially in glial cells, where it co-localizes with the dystrophin-
glycoprotein complex in astrocytic endfeet of the blood-brain-barrier (Teijido et al., 2004;
Boor et al., 2005; Ambrosini et al., 2007; Teijido et al., 2007). The identification of two
further non-synonymous coding polymorphisms (Arg328His, Leu308Gln) in BD and SCZ
patients supports the importance of this gene (Verma et al., 2005). Both mutations are located
in the same exon as the one that was found segregating in our families (Leu309Met). Two of
these mutations (Leu308GIn and Leu309Met) affect amino acids in immediate vicinity.
According to the applied transmembrane domain prediction tool and model, MLCI either
consists of seven or eight transmembrane domains (Predict Protein Server) consisting of
43.2 % very hydrophobic amino acids (Val, Ile, Leu, Phe, Trp and Cys, PredictProtein
Server). In all applied models, the N-terminal and C-terminal region are predicted to be inside

the cytoplasm and the Leu309Met variant is located in a predicted transmembrane domain.

The MLC1 gene has orthologues in a variety of vertebrate species and is highly conserved,
whereas it is not present in eukaryotes that do not produce myelin (Boor et al., 2005). The
similarity of the human gene with the murine orthologue is 83 % on the nucleotide and 87 %
on the protein level (Ensembl rel. 65, December 2011). Investigations on the murine
orthologue, Mlc1, have shown that its gene expression already starts at early stages of mouse
embryonic development. In murine forebrain, midbrain and hindbrain, Mlcl expression is
detectable at E13 and steadily increases into adulthood. Immunohistochemistry and in situ
hybridization experiments performed on murine tissues reveal that Mlcl is expressed both in
the central nervous as well as the peripheral nervous system, with highest abundances in the
glial cells (Schmitt er al., 2003), especially astrocytic endfeet (Boor et al., 2007), medulla,
dorsal root ganglia, lung, heart (Teijido et al., 2007) and all kind of leukocytes (Boor et al.,
2005). Teijido et al. (2004) performed an intense biochemical characterization of the murine
Micl protein. They showed that Mlcl assembles oligomers during embryogenesis, which
cannot be inhibited even in reducing conditions; Mlcl has a putative glycosylation site at

position Asnl36Ala, which was assumed to cause the obvious motility shift in SDS-PAGE.
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After Endo F peptidase digestion, no changes occurred in electromotility of Mlcl, which
either means that the putative glycosylation site is a false-positive prediction or that different
post-translational modifications are responsible to explain this observation. They analyzed, if
Micl undergoes post-translational modifications in the endoplasmatic reticulum (ER), a
typical procedure for membrane proteins before trafficked to the plasma membrane via the
secretory pathway. A retention test was applied to elucidate the cause of oligomerization and
if the modification of a retention signal could lead to different biochemical properties of the
protein (Berney, 2000). The introduction of an N-terminal retention signal led to a significant
reduction of Mlcl plasma membrane expression. Co-expression of Micl including the
retention signal (R5-HAL) with native Mlcl resulted in a reduced plasma membrane
expression. Hence, Mlcl oligomerizes in the ER and according to the molecular weight
detected on immunoblots, with itself (homooligomerization) (Teijido et al., 2004). Mlc1 is
already expressed at E13 and predominantly in the complete hippocampus, Bergman glia, but
not in oligodendrocytes (Teijido et al., 2004, 2007). This allows two conclusions: 1.) early
gene expression during embryogenesis and especially neurogenesis emphasizes the obvious
importance of Mlcl in the central nervous system (CNS), especially the high expression of
Micl in the subventricular zone (Schmitt et al., 2003). Since Mlcl is not expressed in
oligodendrocytes, it does not seem to be involved in the development of myelin sheaths in the
CNS. High abundance in Bergman glia underlines the putative involvement of this protein in
neurogenesis and even perhaps in neuronal guidance (Yamada and Watanabe, 2002).
Bergman glial cells are known for their high GABA receptor expression (Riquelme et al.,
2002). These receptors are the target sites for benzodiazepine, conveying anxiolysis, muscle
relaxation and sedation. Furthermore, the atypical neuroleptic agent olanzapine targets the
GABA receptor and possesses its highest affinity to the dopamine receptor D1 (DRDI) and
the serotonin receptor 3A (HTR3A). DRDI1 and HTR3A themselves have a modulating effect
on the GABA receptor (Bymaster et al., 1996, 1997). The PubMed database (May 2012)
contains two pharmacological studies on the treatment of SCZD10: one testing risperidone
(Duggal and Gandotra, 2005) and another one testing olanzapine (Guzman et al., 2008).
Potentially, there is a connection of MLCI and the compound treatment, which has not been
elucidated yet. There is a potential link to a protein called doublecortin-like kinase (DCLK).
Like Mlcl, DCLK is also expressed at a very early time during embryogenesis. This protein is
responsible for the mitotic spindle integrity during neurogenesis and contributes to neuronal

migration (Vreugdenhil et al., 2007). MLC1 is co-localized with aquaporin 4 (AQP4) at
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astrocytic endfeet and the blood-brain-barrier (Boor et al., 2005; Teijido et al., 2007). 2.) The
biochemical properties of MLC1 indicate that it is either an ion channel or a transport protein.
Ambrosini and colleagues (2007) confirmed that MLC1 builds oligomers and that it co-
localizes with the dystrophin-glycoprotein complex in astrocytic endfeet, a location for
manifold transporters and ion channels (Ambrosini et al., 2007). The immunoreactive band of
MLCI1 occurring at a molecular weight of 36 kDa disappeared under reducing conditions
(dithiotreitol, DTT). Mutational analysis conducted by Duarri and colleagues (2008) on MLC1
indicated protein misfolding and rapid degradation in the proteasomes (Duarri et al., 2008). In
2009, it was demonstrated that protein kinas C (PKC) and protein kinase A (PKA) activating
agents such as phorbol-12-myristate-13-acetate (PMA) and forskolin (FSK) influence MLC1
trafficking in astrocytes. Furthermore, it could be shown that MLC1 gets phosphorylated after
post-translational modifications in the ER. The localization of MLCI1 is dependent on
caveolin 1 (CAVI), a marker for detergent-resistant membranes (DRM), which are
characterized by extraordinary cholesterol levels and high contents of sphingolipids (Lanciotti
et al., 2008). The fact that MLC1 forms several populations of mono and oligomers, which
are either present in soluble or insoluble membrane fractions, supports the idea that MLCI is a
potential ion channel or a transport protein. The membrane protein SLCI2AS5, known as
KCC2, shows similar biochemical properties. The oligomer of KCC2 accumulates in the
soluble, whereas the monomeric form remains in the insoluble fraction (Hartmann er al.,
2009). Further evidence is provided by studies on the dystrophin-glycoprotein complex and
especially on one of its proteins named syntrophin, which is as well located in membrane rafts
(Song et al., 1996). Syntrophin is responsible for the organization and distribution of ion
channels such as the voltage-gated potassium channels (Schultz et al., 1998), brain sodium
channels (Gee et al., 1998) and TRPCI channels (Vandebrouck et al., 2007). Brignone and
colleagues (2011) identified the Na“™-K*-ATPase as an interaction partner of MLC1. The
creation of a hypo-osmotic environment leads to an increase of the MLCI in the cell
membrane and a concomitant overrepresentation of the Na'-K'-ATPase (ATPIA family)
(Brignone et al., 2011). The vacuoles observed in patients affected by MLC can be explained
with alterations of mechanisms that regulate both, the osmotic balance and the cell volume.
These mechanisms have been described as causative for the pathophysiology of congenital
muscular dystrophies (CMD), where aberrations such as vacuoles in the white matter occur
(Reed, 2009). Thus, the ATPIA family provides ideal interaction partners for co-transfection

experiments in astrocytes. Subsequent electrophysiological experiments could elucidate, if
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MLCI1 reveals transport activity or not. A very supportive experiment correlating MLC1 with
vacuoles formation was accomplished by Duarri and colleagues (2011), proposing a new
disease model for MLC. The application of small hairpin RNA (shRNA) targeting Micl
transcripts and evoking their degradation led to the formation of vacuoles in primary rat
astrocytes (Duarri et al., 2011). Although not yet proven for MLCI, it seems to play a major
role in the homeostasis of intra— and extracellular ion concentrations, especially chloride.
Patch clamp experiments reveal an association of MLC1 and anion channels; a chloride-free
environment and disease-causing mutations in MLC1 lead to electrical inactivity in
astrocytes. The same effect was achieved once endogenous MLC1 was downregulated by
small interfering RNA (siRNA). Concomitantly, the MLC1 knockdown caused cell swelling,
which is a cardinal symptom of MLC (Ridder et al., 2011). The latest study published on
MLCI1 reports an association of this protein with the transient receptor potential cation
channel subfamily V member 4 (TRPV4), a nonselective ion channel mainly known in Ca**
signaling and its function in osmotic pressure (Harteneck and Reiter, 2007), and the Na™-K*-
ATPase. Mutations in MLCI, especially highly abundant ones like Ser280Leu and
Cys125Arg, lead to a decreased interaction with the previously described interaction partners
(Lanciotti et al., 2012). These and the previously presented data indicate that MLC1 is a “key
player” in the osmo-homeostasis of astrocytes and that it is at least a cofactor for the correct

function of further ion channels.

These data evoked the interest for further investigation of MLC1 in a transgenic mouse
model. The murine Mlcl gene is located on chromosome 15E3 and like its human orthologue,
the gene consists of 12 exons and the translation start site (ATG) is located in exon 2. The
protein size is 382 AA and the sequence identity of the murine and the humane gene on the
amino acid level is 87 % (Uniprot.org; Henseler, 2010). Cell culture studies in our facilities
on the murine Mlcl have revealed an unusual 5’-regulatory structure and the lack of

promoter-specific elements (Henseler et al., 2011).
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1.11 Non-coding RNAs and their influence in pathophysiology: regulation
of microRNAs (miRNAs) in psychiatric disorders

Manifold regulatory mechanisms are embedded in gene expression and protein synthesis.
Their effect is mediated by effector molecules such as non-coding RNAs. Among the non-
coding RNAs, a new class has recently been identified: so-called microRNAs (miRNAs).
Once the first draft of the human genome was published in 2001, researchers were assuming
that more than 98 % of the human genome is non-coding. This non-coding DNA was
specified as “junk DNA” with so far unknown function (Lander et al., 2001). Especially
introns and intergenic DNA were believed to be transcriptionally inactive. In fact, the biggest
share of the human genome does not code for proteins but is nevertheless transcriptionally
active (Elgar and Vavouri, 2008). Recent Whole Transcriptome Shotgun Sequencing
(RNAseq) approaches of the human transcriptome elucidated that 58 % of the
transcriptionally active clusters are located in intergenic regions (Sultan et al., 2008). A study
by Cawley and colleagues (2004) applying DNA tiling arrays revealed that 36 % of
transcription factor binding sites are located 3’ to genes and are correlated with non-coding
RNAs while only 22 % are located in the 5’ area of protein encoding genes (Cawley et al.,
2004). The first miRNA ever described was lin-4 in Caenorhabditis elegans (C. elegans),
which encodes a 22 bp non-coding RNA decreasing the translation of /in-14 (Ambros, 2011).
Another non-coding 21 bp RNA was discovered, let-7, which decreases the translation of the
lin-41 mRNA, a gene involved in the morphogenesis of C. elegans (Reinhart et al., 2000; Del
Rio-Albrechtsen et al., 2006). In 2001, these non-coding RNAs were named miRNAs and
bioinformatic analysis confirmed their high conservation in invertebrates and vertebrates
(Lagos-Quintana et al., 2001; Lee and Ambros, 2001). The most recent version of miRBase

release 18, November 2011, (http://www.mirbase.org), a database for miRNA entries, reports

18,226 entries (precursor miRNAs) expressing 21,643 mature miRNA products in
168 different species. The first version of miRBase was released in December 2002 and
comprised 218 entries, release 13 in September 2009 already contained 9,623 entries and
within three years, the amount of entries almost doubled up to 18,226 entries in release 18 of
November 2011. This underlines the exponential research going on in this area and the

obvious necessity of miRNAs in gene regulation across species.
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The class of miRNAs is characterized by single stranded molecules with a variable length
between 19-25 nucleotides, in average 22 nucleotides, originating from hairpin RNA (Bartel,
2004). The majority of miRNAs are transcribed by RNA polymerase II (Pol II) in the nucleus.
This primary transcript with an average length of about 1 kb is called “pri-miRNA” and is a
double-stranded RNA molecule with a hairpin-structure carrying a 7-methylguanosine-cap at
its 5’ terminus and a poly-A-tail at its 3’ terminus (Lee et al., 2002). The pri-miRNA is
cleaved by the multiprotein complex of RNase II enzyme called Drosha and DGCR8/Pasha
leads to a stem-loop structure of about 70 nt, which is called “pre-miRNA” (Lee et al., 2003;
Yeom et al., 2006). The pre-miRNA is transferred to the cytosol by Exportin 5 (XPO5), a
member of the karyopherin family that enables the nucleocytoplasmatic transport

(Brownawell and Macara, 2002; Yi, 2003).
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Figure 1.2: Pathway of miRNA biogenesis and processing in vertebrates (Cullen, 2005)

In the cytoplasm, the pre-miRNA is further processed by the class 3 RNase III enzyme called
Dicer. This enzyme cleaves the stem-loop resulting in a double-stranded RNA molecule of

21-23 bp in length and two nucleotide 3’ overhangs at each end (Zamore et al., 2000;
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Bernstein et al., 2001; Vermeulen et al., 2005). Dicer is part of the RNA-induced silencing
complex (RISC), a multiprotein complex, in combination with the endonuclease of the
Argonaute family (EIF2C1-4), although exclusively EIF2C2 has been reported to be involved
in the cleavage of target mRNA (Liu et al., 2004). From the double-stranded RNA, the 5’ end
with the lowest thermodynamic stability is favored to become the guide strand and is loaded
into the RISC (Siomi and Siomi, 2009). The other strand called passenger strand is degraded
(Gregory et al., 2005). The RISC complex is assembled by the RISC loading complex (RLC)
and this process is responsible for the correct loading of the miRNA (Tang, 2005).

The identification of the target mRNA increases with the degree of miRNA complementarity.
The RISC complex, including the guide strand, binds with its seed region at the 5’ end of the
miRNA (5-8 nt) to the complementary sequence in the 3’~UTR of the target mRNA (Bartel,
2004). The bound miRNA either acts via translational repression or via degradation of the
target mRNA, both leading to a less abundant protein concentration (Pillai er al., 2005;
Bushati and Cohen, 2007; Bartel, 2009).

Recent research is focusing on the impact of miRNAs in the etiology of psychiatric diseases.
It has been reported that approximately 60 % of all protein-coding genes are regulated by
miRNAs (Friedman et al., 2008). Especially for the CNS, it has been shown in various studies
that miRNAs execute essential regulatory functions in neuronal development and formation.
The human brain shows an enrichment of miR-124 and it has been demonstrated that it
represses about 200 genes in the brain (Lim et al., 2005). In the brain, miR-124 is involved in
the regulation of neuronal precursor fate, meaning the regulation of glial and neuronal gene
expression patterns (Krichevsky et al., 2006). During adulthood, some miRNAs are involved
in the regulation of synaptic plasticity and circadian rhythm. The most prominent example is
miR-134, which has been proven to be a regulator of RNA translation in dendritic spines. The
protein kinase Limk1, which controls spine development, is negatively regulated by miR-134.
Spine development is one of those mechanisms that are impaired in disorders like Tourette’s
syndrome and Parkinson’s disease (Schratt et al., 2006). Concerning circadian rhythm,
miR-132 and miR-219 have been shown to be crucial for proper function. Both of these
miRNAs are expressed in the SCN and their transcription is induced by the CLOCK, ARNTL
and CREB proteins (Cheng and Obrietan, 2007). The protein FMRP is encoded by the gene
FMRI. The lack of FMRP protein causes the Fragile X syndrome; it leads to a disturbed

function of the RISC-mediated gene silencing and an altered synaptic development
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(Jin et al., 2004). Most atypical antipsychotics act on the dopaminergic system with the
highest affinity to the dopamine D2 receptor (DRD2), although these effects are not very
specific. Most of the antipsychotics additionally act on further neurotransmitter systems such
as the serotoninergic, muscarinic and histaminergic ones (Meltzer and Huang, 2008).
Psychiatric disorders are characterized by dysfunctions in neurotransmitter systems. Due to
the effects that atypical antipsychotics have on the improvement in schizophrenic patients, the
dopaminergic system is of major research interest despite the fact that negative symptoms are
not improved by atypical antipsychotics. Another neurotransmitter system, the glutamatergic
system, has attracted notice to researchers of psychiatric disorders. Application of N-methyl-
D-aspartate (NMDA) receptor antagonists such as phencyclidine (PCP) and MK-801 have
been proven to evoke psychosis and cognitive impairment in humans while the NMDA
receptor density is lowered in schizophrenic subjects (Pilowsky er al., 2006). A study by
Beveridge and colleagues (2010) reported a significant upregulation of the miRNA-15 family
in the superior temporal gyrus (STG) of schizophrenic patients, which is predicted to target
genes that are implicated in schizophrenia: BDNF, RELN, DRDI and ATXN2. In addition,
9.5 % of the miRNAs are upregulated in the dorso-lateral prefrontal cortex (DLPFC)
(Beveridge et al., 2010). Perkins and colleagues (2007) investigated post-mortem brain tissue
of thirteen schizophrenic and two schizoaffective disorder patients. The expression level of
15 miRNAs was lowered in comparison to psychiatrically unaffected control subject post-
mortem brains (Perkins et al., 2007). Mouse embryonic stem carrying a knockout of the RISC
complex gene DGCRS revealed that this gene is essential for the processing of pre-miRNAs
to mature miRNAs (Wang et al., 2007). This gene is also dysfunctional in a transgenic mouse
model from the Karayiorgou lab. They created a mouse model, where the murine syntenic
region of the human genomic area 22ql11.2 is missing hemizygously. The mouse model
reveals increased hyperactivity, poor pre-pulse inhibition and a reduced spine density
including an upregulation of pri-miRNAs and a downregulation of mature miRNAs in the
murine brain (Karayiorgou et al., 1995; Stark et al., 2008). Some chromosomal regions are
considered to be “hotspots” for the susceptibility of neuropsychiatric disorders and other
diseases. Aside from chromosome 22q11.2, chromosome 8p has shown up to be a promising
susceptibility region for schizophrenia, autism and cancer. In a review by Tabares-Seisdedos
and Rubenstein (2009), a CNV hotspot at chromosome 8p21-23 is linked to SCZ.
Furthermore, this chromosomal region harbors six miRNAs, among them miR-124 (Tabares-

Seisdedos and Rubenstein, 2009). The protein BDNF has been implicated as well in the
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etiology of neuropsychiatric diseases (Dwivedi, 2009; Xiu et al., 2009). Mellios et al. (2008)
discovered two miRNAs in the human prefrontal cortex: miR-30a and miR-195. They both
target the 3’-UTR of the BDNF mRNA, hence decreasing BDNF expression (Mellios et al.,
2008). The gene MECP2, whose knockout leads to the Rett syndrome, is also targeted by
miR-132. The lack of MECP2 expression thereby leads to an increased expression of the RE1
silencing transcription factor (REST) that itself decreases BDNF expression (Abuhatzira et
al., 2007; Klein et al., 2007). These findings support a connection between schizophrenia,
Rett syndrome and autism-like phenotypes on the molecular level. Among the various
miRNAs, miR-137 appears to be a candidate miRNA because of its implication in
neurodevelopment and thus, a possible link to the pathophysiology of mental disorders. In a
study on anaplastic astrocytoma in humans it has been shown that some miRNAs are
significantly downregulated. In neoplastic brain tissue, miR-124 reveals a 26 fold change and
miR-137 a 66 fold change in comparison to non-neoplastic brain tissue (Silber et al., 2008).
Smrt and colleagues (2010) report that miR-137 is enriched in neurons and highly expressed
in the dentate gyrus and the molecular layer of hippocampi in C57BL/6 mice (Smrt et al.,
2010). In mouse embryonic stem cells, miR-137 is mandatory for proper differentiation
(Tarantino et al., 2010). In 2011, the most extended GWAS on schizophrenia was published.
The stage 1 phase contained 21,856 individuals of European ancestry and the replication
sample 29,839 individuals. The analysis of the combined sample including more than 50,000
individuals revealed the strongest signal on rs1625579 within miR-137 (p = 1.6 x 10™"). Four
genes, all conferring to SCZ and BD, have reached genome-wide significance (TCF4,
CACNAIC, CSMD1I and WBPIL) and harbor potential miR-137 target sites at once (Ripke et
al., 2011). Thus, miR-137 is a potential candidate miRNA that is implicated both in the
etiology and modification SCZ and BD. Willemsen and colleagues (2011) investigated five
patients with intellectual disability by genome-wide array analysis and found a deletion on
chromosome 1p21.3 with an overlapping region in all patients containing the gene
dihydropyrimidine dehydrogenase (DPYD) and miR-137. Previously, hemizygous DPYD
deletions have been implicated to cause an autism-like phenotype and speech delay. All five
patients revealed a significant decrease of pri-, pre- and mature miR-137 levels (Willemsen et
al., 2011). A recent publication has delivered the biological confirmation of the findings by
Ripke and colleagues, who had identified five new potential susceptibility loci for SCZ,
including miR-137 and four potential target genes. Kwon and colleagues (2011) cloned the

3’-UTRs of the potential target genes (CSMDI1, WBPIL, CACNAIC and TCF4) into Renilla
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luciferase reporter constructs. They overexpressed these constructs either together with a
control vector for normalization and an empty construct for internal control. Indeed, all four
constructs containing the 3’-UTRs of the predicted susceptibility loci showed a significant

decrease in luminescence after miR-137 transfection (Kwon et al., 2011).

In this study, the effects of miR-137 were investigated, as a potential and exclusive target site
was predicted within the 3’-UTR of MLCI. Due to the unavailability of a suitable antibody to
produce illustrative and distinct immunoblots of MLC1, the research focus was directed to the
NR3CI1 protein. NR3C1 is the major molecule in the conveyance of stress response, shows a
predicted miR-137 target site like MLCI1 and thus, reveals a possible link of MLC1 and
NR3CI1 in the pathophysiology of mental disorders.

1.12 Transgenic mouse models are a suitable approach to investigate the
etiological mechanisms of mental disorders

The investigation of human diseases in rodent models has proven to be suitable in many
cases. This is due to the high genetic relationship between humans and rodents: over 80 % of
all genes are highly conserved (Waterston et al., 2002). Knockout mice carry a dysfunctional
gene in their genome and the effects on phenotype and behavior can be observed from
embryogenesis until adulthood. In addition, mice are handy with respect to genetic
manipulation, easy to breed and have a high reproduction rate, which makes them the ideal
animal model for behavioral studies. Especially for monogenetic diseases in humans, mouse
models have been useful to gain an understanding about aberrant mechanisms that cause the
disease: cystic fibrosis, caused by mutations in the CFTR gene located on chromosome 7q31.2
(Grubb and Gabriel, 1997; Devuyst and Guggino, 2002), muscular dystrophy Duchenne type,
caused by mutations in the DMD gene on chromosome Xp21.2-21.1 (Vainzof et al., 2008;
Willmann et al., 2009), X-chromosome linked mental retardation such as the Rett syndrome,
caused by mutations in the MECP2 gene located on chromosome Xq28 (Gura, 1999; Guy et
al., 2001) and the Fragile X syndrome, caused by trinucleotide expansions in the FMRI gene
on chromosome Xq27.3 (D'Hulst and Kooy, 2009; Liu et al., 2012).

Psychiatric disorders are considered to be caused in a multifactorial manner. In contrast to

monogenetic diseases, more than one gene is involved in the etiology and pathophysiology of
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these disorders, which are modified by environmental factors such as daily nutrition and the
individual intrinsic stress load. The phenotype of psychiatric disorders is not very specific, on
the contrary, there are spectra within the affective and non-affective disorders and the
characteristics of the symptoms vary among individuals. Furthermore, animal models show
intrinsic limitations concerning behavior and intellectual abilities, as many qualities that are
represented in humans cannot be assigned to animals. This includes e.g. suicidality and self-
reflection, both traits that are often occurring or aberrant in patients affected by depression or
SCZ. Hence, there is no perfect mapping of human traits like “autistic” or “schizophrenic”
behaviors in a knockout mouse model, where all kind of human symptoms are equally
represented. Takao and colleagues (2007) discuss the general requirements that animal
models of psychiatric disorders have to fulfill. They present a “comprehensive behavioral test
battery” consisting of 18 items for the investigation of knockout mice and the assignability of
these findings to the human situation. Diverse aspects are discussed such as construct,
predictive and face validity. “Construct validity” describes the task to find a first rationale link
of the cause of a disease in an animal model, meaning the animal pathophysiology should
somehow resemble the human one. The term “predictive validity” means that once a specific
medical treatment in a particular disease in a mouse model is efficient, its predictive validity
is high. The term “face validity” explains how far the animal model mimics symptoms of a
specific neuropsychiatric disease, whereas Takao and colleagues admit that this task is the
most difficult one to evaluate due to limited assignment between animal models and complex
human traits (Takao et al., 2007). Thus, animal models cannot and should not be
anthropomorphized to their full range. Nevertheless, psychiatric disorders in humans reveal
intermediate phenotypes, which can be modeled in knockout mice. Intermediate phenotypes
are traits occurring at a high frequency in affected individuals in comparison to the full
symptomatic spectrum. The reduction of the symptomatology of psychiatric disorders to
specific traits that are characteristic for a certain disorder enables more focused research.
There are various examples for intermediate traits on different levels. In SCZ, many patients
show a reduced dopamine release in the prefrontal cortex and an increased volume of the
ventricles as well as a reduced prepulse inhibition (PPI). Autists often have a larger brain
volume and show low social interaction. Patients with depression are often characterized by
increased anxiety and a reduced hippocampal volume (Seong et al., 2002). Candidate genes in
humans that are supposed to be involved in the etiology of psychiatric disorders have been

predominantly identified by linkage or physiological studies. Modahl et al. (1998) measured
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the plasma oxytocin level in 29 autistic and 30 normal children and identified a significantly
lower plasma oxytocin level in autistic children in comparison to non-affected ones (Modahl
et al., 1998). In an oxytocin knockout mouse model (Oxt "), mice lacking the Oxt gene were
unable to develop social memory in comparison to wild type (WT) mice, a behavior that
mimics the autistic phenotype of humans. In schizophrenic patients, the cerebrospinal fluid
(CSF) level of cN-CAM, a protein involved in neural cell adhesion and synaptic plasticity,
was increased and correlated with ventricle enlargement (Vawter et al., 2001). Mice lacking
the isoform Ncam-180 of the gene Ncaml revealed increased lateral ventricles and
additionally to that, a decreased PPI (Wood et al., 1998). One study with three independent
patient samples analyzing linkage disequilibrium (LD) identified the PRODH?2 locus on
chromosome 22q11 in humans as a susceptibility locus for SCZ (Liu et al., 2002). Previously,
hemizygous deletions of the chromosome 22qll locus had already been identified in
schizophrenic patients (Karayiorgou et al., 1995). Prodh homozygous mutant mice show
impairments in PPI, so these mice have an aberrant sensorimotor gating and show a

“schizophrenia-like” phenotype (Gogos et al., 1999).

Pharmacological and behavioral studies of promising knockout mouse models for
intermediate phenotypes of psychiatric disorders in humans helps to further validate the
appropriateness of the model. The efficacy of antidepressants in the preclinical context is
most commonly investigated by the help of the Porsolt Forced Swim Test (FST) (Porsolt e?
al., 1977). In this test, a rodent is placed in an inescapable cylinder filled with water. Due to
the inescapability, rodents adapt to the situation and start floating on the surface. Repeating
the test 24 h later leads to a quick repeat of the rodents’ behavior, they float again on the
surface. The result of this test can be either interpreted as behavioral despair due to
inescapability or as passive behavior because the animal cannot cope with stress stimuli
actively (Lucki, 1997). The administration of antidepressants between the two testing
episodes leads to the effect that rodents will try for an extended time to escape the cylinder in
comparison to vehicle treatment. This test just serves as a good indicator for the efficacy
because the specificity of the applied drug cannot be tested. The limitation of the test is due to
individual strain differences. In a study by Lucki ef al. (2001), eleven different mice strains
were tested in the FST after administration of desipramine, a norepinephrine reuptake
inhibitor, and fluoxetine, a selective serotonin reuptake inhibitor. In seven of the strains, the
immobility was reduced after administration of desipramine; after administration of

fluoxetine, only three of eleven mouse strains showed a reduction in immobility. This

34



Introduction

confirms that genetic factors essentially contribute to behavioral performance (Lucki et al.,
2001). These findings have led to intensive testing of mouse strains with respect to their
responsiveness to certain behavioral tests, resulting in high and low FST-responding mice

strains (Schatzberg and Nemeroff, 2009).

One example for an intermediate phenotype of SCZ is the conditional Hb-egf knockout
mouse. Once Hb-egf is knocked out in the ventral forebrain, mice reveal behavioral
abnormalities as seen in SCZ. These behavioral abnormalities can be improved by
administration of antipsychotics. Haloperidol, a typical antipsychotic, reduced the locomotor
activity of these mice, whereas the administration of clozapine and risperidone, both atypical
antipsychotics, improved social interaction and PPI. Furthermore, in this mouse model the
abundance of Grinl is reduced, which supports the glutamate hypothesis of SCZ (Oyagi et al.,
2009). Another model for SCZ is the Grinl knock down mouse. In this mouse model, the
NMDA receptor is knocked down to a minimum level and these mice exhibit behaviors that
resemble a pharmacological NMDA receptor blockade. These behavioral similarities are also
known from schizophrenic patients (Ramsey, 2009). In human prefrontal cortices of BD
patients, an isoform of the DGKB gene (GenBank accession number: AF019352) has been
reported to be differentially expressed and thus it is implicated in BD pathogenesis (Yolken,
2002; Caricasole et al., 2002). Dgkb knockout (KO) mice reveal higher locomotor activity
and in the open field test, KO mice show a higher travel distance than WT mice. In addition,
they show less anxiety and decreased immobility in the forced swim test. The hyperactivity
could be attenuated by application of lithium chloride (LiCl), whereas this administration did
not affect WT mice. DGKf KO mice neither show impairments of sensorimotor gating nor
social interaction (Kakefuda et al., 2010). Yamashita and colleagues (2006) performed PPI
experiments on dopamine transporter knockout (Slc6a3 KO) and WT mice. The
administration of dopamine, noradrenaline and serotonin reuptake inhibitors (SSRIs) such as
methylphenidate and cocaine resulted in an impairment of PPI in WT mice, but caused an
improvement of PPI in the Slc6a3 KO mice. PPI could also be manipulated by administration
of the SSRI fluoxetine, whereas the SSRI citalopram did not reveal any effect in Sic6a3 KO
mice (Yamashita et al., 2006). In their review articles, Groenink et al. (2003) and
Gardier (2009) focus on behavioral aspects of knockout mouse models of serotonin receptor
1A (Htrla KO) and 1B (Htrlb KO). Htrla KO mice reveal higher anxiety than WT mice,
whereas Htrlb KO mice show higher levels of aggression and susceptibility to cocaine

(Groenink et al., 2003; Gardier, 2009). Another explanation for the etiology of SCZ is the
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existence of white matter aberrations. Microarray studies on schizophrenic patients revealed
that myelin-related genes show decreased expression levels, among those the myelin-
associated glycoprotein (MAG). Morphological studies on Mag KO mice brains resulted in
changes of dendritic patterns of pyramidal cells and loss of axonal stability (Segal et al., 2007,
Nguyen et al., 2009).

Various mouse models have been implicated for the investigation of ASD. Nishimori et al.
(1996) observed that female oxytocin knockout mice (Oxt KO) were unable to care for their
offspring (Nishimori et al., 1996). Besides the effects of the peptide oxytocin itself, the effects
of the oxytocin receptor knockout have been in focus of ASD research. Behavioral
experiments on oxytocin receptor knockout (Oxtr KO) mice revealed the inability of male
knockout mice to establish a social memory. The administration of an oxytocin antagonist in
WT mice led to behavioral modifications that mimic the findings of studies in Oxtr KO mice;
it produced a social-amnesia like effect (Ferguson et al., 2000). Another neuropeptide
receptor, which has been implicated in the etiology and pathogenesis of ASD, is the arginine
vasopressin receptor (AVPR). Vasopressin is a nonapeptide, which is closely related to
oxytocin in structure and function. Egashira and colleagues (2007) performed behavioral tests
on arginine vasopressin receptor 1A (Avprlia KO) mice and observed impairment of social
interaction and reduced anxiety-related behaviors in the elevated plus-maze. Furthermore,
these mice had problems with spatial learning and sensorimotor gating (Egashira et al., 2007).
All these findings receive further support by the knockout mouse model of the CD38 gene. It
encodes a transmembrane glycoprotein, which catalyzes the hydrolysis of cyclic ADP-ribose
to ADP-ribose (Malavasi et al., 2008). Cd38 KO mice show higher locomotor activity as well
as impairments in maternal nurturing and social behaviors. Additionally to these findings, the
plasma level of oxytocin was significantly decreased in Cd38 KO mice (Jin et al., 2007,

Higashida et al., 2011).

All these examples demonstrate the strengths and weaknesses of animal models. The
knockout of a single gene is obviously sufficient to mimic specific symptoms of a psychiatric
diseases but it is impossible to create a complete image of a neuropsychiatric disorder within a
mouse model. A major problem to overcome in the future is the different effects of gene
knockouts on phenotype and behavior depending on the used mouse strain. Koike and
colleagues (2006) published a study on a knockout mouse model of the gene Discl, whose

human orthologue had been identified as a candidate gene for SCZ and BD in an extended
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Scottish family (St. Clair et al., 1990). They created two Disc/ KO mice: one in the strain
129S6/SvEv and one in C57BL/6J. The gene knockout in the 129S6/SvEv strain revealed
both normal working memory and PPI in contrast to the C57BL/6J strain, where working
memory and PPI were impaired (Koike, 2006). This leads to the conclusion that the effects of
gene knockouts in various mouse strains reveal variable penetrance. Based on these
observations, Takao et al. (2007) suggest creating a substantial number of gene knockouts in
various mouse strains in an international context. Once a substantial number of “psychiatric
mouse models” in different strains exists, an ‘“animal-model-array” should be set up to

identify the most appropriate mouse model for studies on a specific gene (Takao et al., 2007).
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1.13 Research objective

Two GWAS on BD patients on individuals of European ancestry mapped to a susceptibility
locus in vicinity of C150rf53 on chromosome 15q14. This genomic area had been previously
confined in our SCZD10 multiplex families by linkage analysis and thus, the investigation of
Cl50rf53 as a potential candidate gene for the etiology of SCZD10 became self-evident.
There is hardly any information available about C150rf53. The hypothesis shall be verified, if
Cl50rf53 is causative for the etiology of SCZD10 in our multiplex families. Gene expression
analysis on humane immune and CNS-derived cell lines and human post-mortem brain tissue
is conducted and delivers information about tissue-specific gene expression patterns of
Cl50rf53. DNA sequencing of this gene in SCZD10-affected patients is conducted to identify
putative disorder-causing mutations. A case-control association analysis on SCZD10 and BD
individual samples is conducted to support the findings from the family studies and the
identification of a possible association of C150rf53 with SCZD10 and/or BD in a population-

wide context.

OXTR is the receptor for the “trust hormone” oxytocin and has been implicated in the
etiology of ASD in functional and association studies. The hypothesis of this study is the
identification of a possible association the OXTR gene with ASD in our cohort. Five SNPs
located in the OXTR gene are genotyped in parents-child trios with one ASD-affected child.
The ASD-affected children are dichotomized into the complete cohort and those with an 1Q
above 70. A transmission-disequilibrium test (TDT) is performed in both groups. Possible
SNP and haplotype associations with ASD are identified in the complete cohort and/or the
subpopulation with children having an IQ above 70. Two different tools, Haploview and
UNPHASED, are used for the TDT and the results are compared to each other with respect to

data robustness and validity.

In a previous genome-wide linkage analysis in multiplex families segregating SCZDI10, a
non-synonymous amino acid exchange (Leu309Met) was identified in the gene MLCI on
chromosome 22q13.33. The function of the human MLC! gene still remains mostly unknown
to date. This study aims to extend the knowledge about functional properties of the MLC1
protein and potential regulatory effects of miR-137 on MLC1 and NR3C1 protein expression.
A constitutive knockout mouse of the murine orthologue Mic! is planned to enable extensive

morphological and behavioral research in an animal model. In silico analysis of the 3’-UTRs
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of MLCI and NR3C1 has predicted a putative miR-137 target site in both genes. The in silico
predictions are biologically validated through in vitro experiments on glial and neuronal cell
lines, which are transfected with miR-137. The regulatory feature of miR-137 on gene

expression of NR3C1 is evaluated on the protein level by immunoblot analysis.

39



Material & Methods

2 Material & Methods

2.1 Psychiatric disorder sample collections

From all affected and non-affected individuals, 10 ml of whole blood was drawn and by
salting out procedure, the DNA was extracted (Miller er al., 1988). All participants gave
written informed consent after oral and written explanation about the aim and scope of the
investigation. The families segregating SCZD10 were ascertained and diagnosed at the
Department of Psychiatry, Psychosomatics and Psychotherapy, Wiirzburg University
Hospital, Wiirzburg, Germany by Stober and colleagues (Stober et al., 2000, 2001).
Differential diagnosis of the bipolar and SCZD10 individual samples was accomplished in the
Department of Psychiatry, Psychosomatics and Psychotherapy, Wiirzburg University
Hospital, Wiirzburg Germany by Reif and colleagues (Meyer et al., 2005). Parent offspring
trios (non-affected parents and one affected child) were recruited and diagnosed at the
Department of Child and Adolescent Psychiatry, Saarland University Hospital, Homburg,
Germany and at the Department of Child and Adolescent Psychiatry, Psychosomatics and
Psychotherapy, Johann Wolfgang von Goethe University, Frankfurt/Main, Germany, by
Christine M. Freitag and colleagues. The children were diagnosed according to the Autism
Diagnostic Observation Schedule (ADOS) (Lord et al., 2000) and/or the Autism Diagnostic
Interview — Revised (ADI-R) (Lord et al., 1994).

2.2 Individual patient samples (non-related)

2.2.1 Bipolar disorder (BD) patients

The investigated BD sample consisted of 203 patients, which were described by our group
(Meyer et al., 2005). The anamnesis included the first onset of the disorder, attempted suicide,
familial background as well as age and sex. The mean age of the male patients was

28.9 £ 10.3 years; that of the female patients was 29.7 + 9.8 years.
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2.2.2 Periodic catatonia (SCZD10) patients

The individual SCZD10 sample consisted of 71 patients. For the SCZDI10 patients, the
differential diagnosis also encompassed the first onset of the disorder, attempted suicide,
familial background as well as age and sex (Andreas Reif, personal communication). The

mean age of the male patients was 23.4 + 7.4 years; that of the female patients was

27.2 £ 10.1 years.

2.3 Parents-offspring trios and multiplex families (related)

2.3.1 Parents-offspring trios with autism spectrum disorder (ASD)

In the present study, 574 subjects were considered for further investigation, consisting of

207 children diagnosed with ASD and 367 parents without any psychiatric history.

Aa Aa

AA

Figure 2.1: Parents-offspring trio with at least one heterozygous parent and one affected child.

All parents-offspring trios were of Caucasian origin and live in the south of the federal states
Rhineland-Palatinate and Saarland, Germany. The mean age of the male patients was

10.6 £ 5.6 years; that of the female patients was 10.7 + 5.8 years.
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2.3.2 Multiplex families segregating SCZD10

Seven of eleven families (FO5, FO9, F11, F13, F17, F19 and F24) including 56 SCZD10-
affected and 30 non-affected family members were considered for investigation due to a

segregating susceptibility region on chromosome 15q14-15.1 (Stober et al., 2001).

Figure 2.2: Multiplex pedigrees segregating SCZD10 (adapted from Stober er al., 2001). Blank symbol:
unaffected individual, filled symbol: affected individual, slashed symbol: individual deceased, asterisk: available

DNA specimen

2.4 Cell lines

2.4.1 Cell lines used for expression analysis and knock down experiments of MLC1

Table 2.1: Cell lines used for experiments

cell lines reference cell type, origin species
PC12 ECACC: 88022401 adrenal Rattus norvegicus
phaeochromocytoma
SH-SYSY ECACC: 94030304 Neuroblastoma Homo sapiens
SK-N-MC ECACC: 90022302 Neuroepithelioma Homo sapiens
TR14 Rupniak et al., 1984 Neuroblastoma Homo sapiens
U373MG ECACC: 08061901 | glioblastoma astrocytoma | Homo sapiens
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All listed cell lines were used for investigation of MLC1 protein expression, validation of the

MLCI1 antibody and for testing and modification of transfection conditions with the miRNA

precursor molecules. For experiments with miR-124 and miR-137 and their regulatory

influence MLC1 protein expression, the cell lines SK-N-MC and U373MG cells were used.

2.4.2 Cell lines cDNA used for gene expression analysis of C150rf53

Table 2.2: Cell lines cDNA used for C150rf53 gene expression analysis

number cell lines cell type
1 A431 epidermoid carcinoma
2 Jurkat T cell leukemia
3 U-937 histiocytic lymphoma
4 EBV-WMPT B cell line
5 HT29 colon adenocarcinoma
6 K-562 chronic myeloid leukemia
7 HEL Erythroleukemia
8 Jurkat T cell leukemia
9 TF-1 Erythroleukemia
10 U-937 histiocytic lymphoma
11 Raji Burkitt lymphoma
12 A-549 lung carcinoma
13 CCL 75 diploid fibroblast
14 CCRF-CEM T-lymphoblastoid
15 DAUDI B-lymphoblast
16 HSB-2 lymphoblastic leukemia
17 KG1 acute myelogenous leukemia
18 TT 830-845 T cell clone
19 MelJuSo-wt Melanoma
20 HELA S3 Carcinoma
21 LL87-CD4 CCR Neuron
22 BC2 Hepatocyte
23 NCI-H82 lung epithelial
24 KG1 (2) acute myelogenous leukemia
25 K562 chronic myelogenous leukemia
26 THP-1 Monocyte
27 Hep G2 liver epithelium
28 MCEF-7 breast epithelial
29 MCF 1DA breast cancer
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number cell lines cell type
30 HaCaT p42 human keratinocyte
31 PC-3 prostate cancer
32 HEK 293T human embryonic kidney cells
33 HL60 promyelocytic leukemia
34 Jeg 3 choriocarcinoma cell line
35 MeWo human melanoma cell line
36 Ptak monocytic cell line, unspecified
37 Ww9 monocytic cell line, unspecified
38 U4C fibrosarcoma cell line
39 HEK-293 human embryonic kidney cells
40 MonoMac monocytic cell line

2.5 Bacterial strains & transformation of DNA

The following chemically competent bacterial strains were used:

Table 2.3: Bacterial strains and genotypes

. catalogue .
strain genotype number Supplier
Escherichia coli | F- p80lacZAM15 A(lacZYA-argF)U169 deoR | o5 3 o1 glavr‘ltsrgaggn’
DH5a recAl endAl hsdR17(rk -, mk+) phoA USA ’

Escherichia coli
K12, XL1-Blue

recAl endAl gyrA96 thi-1 hsdR17 supE44
relAl lac [F~ proAB laclgZAM15 Tnl0
(Tetr)]

#200249

Stratagene, La
Jolla, USA

Escherichia coli

Tet" D(mcrA)183 D(mcrCB-hsdSMR-mrr)173
endAl supE44 thi-1 recAl gyrA96 relAl lac

Stratagene, La

K12, XL10- Hte [F¢ proAB lacl “ZDM15 Tnl0 (Tet") #200315 Jolla, USA
Gold .

Amy Cam’ |

F- mcrA A(mrr-hsdRMS-mcrBC) Invitroeen
Escherichia coli | p80lacZAM15 AlacX74 recAl araD139 C4040-10 Cavrllsb f q ’
TOP10 A(ara-leu) 7697 galU galK rpsL (StrR) USA ’

endAl nupG .-

The bacterial strains were used for cloning procedures. The Micl knockout vector

(pMlIc1_KO_mod) construct was transformed into the bacterial strains DH5o and XL1-blue.

For

investigation of the human NR3CI 3’-UTR,

sized 2,475 bp (based on
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Genbank: NM_000176), a 628 bp fragment of the 3’-UTR was cloned into the pMIR-
REPORT vector. The strains XI.10-Gold and TOP10 were used for transformation with the
pMIR-REPORT_NR3CI1 construct (2.17.5).

2.6 Bacterial DNA vectors

Cosmid and plasmid vectors that were used in the studies are listed in the following table:

Table 2.4: DNA vectors

name supplier / origin description
MPMGc121K08537Q2 Klaus-Peter Lesch, Wiirzburg, Germany Cosmid
pENTR / D-TOPO Invitrogen, Carlsbad, USA Plasmid
pMIR-REPORT Ambion, Austin, USA Plasmid
pMlcl_KO_mod Savira Ekawardhani, based on pUC19 Plasmid

2.7 Human brain tissue

Human post-mortem limbic brain tissue samples (amygdala, hippocampus, inferior gyrus,
cingulate gyrus and nucleus accumbens) from six donors free of CNS diseases and without a
history of long term psychotropic medication were obtained from the Dutch Brain Bank
(Netherlands Institute of Neuroscience). All patients provided pre-mortem consent for brain
autopsy and use of brain material for research purposes as previously reported (Alt et al.,

2010).

2.8 Genomic murine DNA & murine embryonic stem cells (ES)

Genomic DNA (gDNA) from Mus musculus domesticus Black 6 was given as a courtesy from
Klaus-Peter Lesch, Laboratory of Translational Neuroscience, Department of Psychiatry,
Psychosomatics and Psychotherapy, University of Wiirzburg. The transfection of ES was

accomplished in the facilities of Michael Sendtner, Department of Clinical Neurobiology,
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University of Wiirzburg. ES that had been electroporated with the knockout construct

pMlcl_KO_mod and had survived the selection process (2.15.1) were sent to our department

for further investigation. DNA of ES was isolated by application of the QIAamp DNA Micro

Kit (Table 2.10) and further analyzed by PCR.

2.9 Buffers, media and reagents

2.9.1 Used buffers and media

Table 2.5: Buffer and media list

name components additional information
11 cul h DMEM High Glucose
mcefiiu:rlll ;:)liieglrlol\;rltey 4.5 ¢/l & after defrosting, cells were first

SH-SYS5Y, SK-N-MC,
TR14 and U373MG

15 % (v/v) FCS, 10 %
(v/v) FCS

1 % (v/v) GlutaMAX

cultivated in 15 % (v/v) FCS, after
two passages in 10 % (v/v) FCS

Cell culture growth
medium for cell lines:
SH-SYS5Y, SK-N-MC,

TR14 and U373MG

DMEM High Glucose
4.5 g/l

15 % (v/v) ECS, 10 %
(v/v) FCS

1 % (v/v) GlutaMAX

1 % (v/v) P/S

after defrosting, cells were first
cultivated in 15 % (v/v) FCS, after
two passages in 10 % (v/v) FCS

Cell culture growth
medium for cell line:

RPMI 1640

5 % (v/v) FCS

1 % (v/v) GlutaMAX

after defrosting, cells were first
cultivated in 15 % (v/v) HS, after

PC12 two passages in 10 % (v/v) FCS
10 % (v/v) Horse serum
0.25 % (wlv)
bromophenolblue or
DNA loading buffer (6x) |0.25 % (w/v) xylene complete volume with H,O

cyanol

15 % (w/v) Ficoll

Erythrocytes lysis buffer

155 mM NH4Cl

10 mM KHCO .
(pH 7.4) 3 complete volume with H,O

0.1 mM EDTA

10 g/ tryptone

LB agar (pH 7.0)

5 g/l yeast extract

autoclave at 121 °C, add 100 pg / ml
ampicillin or 30 pg / ml kanamycin
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name

components

additional information

10 g/1 NaCl

15 g/l agar

LB medium (pH 7.0)

10 g/l tryptone

5 g/l yeast extract

10 g/1 NaCl

autoclave at 121 °C, add 100 pg / ml
ampicillin or 30 pg / ml kanamycin

Luminol solution

200 ml 0.1 M Tris-HCI
pH 8.0

50 mg sodium luminol

60 ul 30 % (w/w) HO,

Nuclear lysis buffer
(pH 8.2)

10 mM Tris-HCl (pH 8.0)

400 mM NacCl

2 mM EDTA (pH 8.2)

PCR buffers

500 mM KCl

100 mM Tris-HCl
(pH 8.3)

0.25 % (v/v) Tween-20

0.25 mg/ml BSA

buffer A: 7.5 mM MgCl,
buffer B: 10 mM MgCl,
buffer C: 15 mM MgCl,
buffer D: 20 mM MgCl,
buffer E: 25 mM MgCl,
buffer F: 30 mM MgCl,
buffer G: 35 mM MgCl,
buffer H: 40 mM MgCl,

Polyacrylamid running
gels (10 %)

4.8 ml H,O

2.5ml 1.5 M Tris-HCl
pH 6.8

2.5ml
Acrylamide/Bisacrylamide
(29:1)

100 pl of 10 % (w/v) SDS

85 ul of 10 % (w/v) APS

6 ul TEMED

quantities for two gels

Polyacrylamid stacking
gels (10 %)

3.8 ml H,O

1.5 ml 0.5 M Tris-HCl
pH 6.8

600 ul
Acrylamid/Bisacrylamide
(29:1)

60 pl of 10 % (w/v) SDS

37.5 ul of 10 % (w/v) APS

10 ul TEMED

quantities for two gels

Protein blotting buffer (3x)

250 mM Tris

1.15 M glycine

20 % (v/v) methanol

complete volume with H,O
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name

components

additional information

Protein electrophoresis
buffer (5x)

250 mM Tris

1.92 M glycine

1 % (w/v) SDS

complete volume with H,O

Protein lysis buffer (1x)

150 mM NaCl

1 % (w/v) NaDOC

1 % (vIv) NP-40

0.1 % (w/v) SDS

50 mM Tris-HCl pH 7.4

add complete mini protease inhibitor
immediately prior to use, complete
volume adding H,O

Protein sample buffer (1x)

12.5 % (v/v) 0.5 M Tris-
HCI pH 6.8

10 % (v/v) glycerol

3 % (w/v) SDS

0.2 % (v/v) bromophenol
blue

2.5% (v/v) B-mercapto-
ethanol

add bromophenolblue and
B-mercaptoethanol just prior to use,
complete volume adding H,O

TAE buffer (10x, pH 8.5)

400 mM Tris

200 mM acetic acid

10 mM EDTA

TBE buffer (10x, pH 8.3)

890 mM Tris

890 mM boric acid

20 mM EDTA

TBST (pH 8.0)

50 mM Tris

150 mM NaCl

0.2 % (v/v) Tween-20

complete volume adding H,O

TE-buffer (pH 8.0)

10 mM Tris-HCI1

0.1 mM EDTA

2.10 Reagents

Table 2.6: Reagents and consumables

reagent / consumables

Supplier

Acrylamid / Bisacrylamid (30 % / 0.8 %)

Bio-Rad, Hercules, USA

Agarose

Roth, Karlsruhe, Germany

Agar

Roth, Karlsruhe, Germany

Ammonium persulfate (APS)

Roth, Karlsruhe, Germany

Ampicillin

Roth, Karlsruhe, Germany

-mercaptoethanol

Merck, Darmstadt, Germany
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reagent / consumables

Supplier

Bovine Serum Albumine (BSA)

New England Biolabs, Ipswich, USA

Bromophenol blue

Merck, Darmstadt, Germany

Cell culture flasks 25 cmz, 75 cmz, 175 cm®

Life Technologies, Carlsbad, USA

Cell culture plates 6 wells, 12 wells, 24 wells

Life Technologies, Carlsbad, USA

Centrifuge tubes 15 ml, 50 ml

Sarstedt, Niimbrecht, Germany

Complete Mini Protease Inhibitor

Roche Diagnostics, Risch, Switzerland

Coomassie Brilliant Blue R-250

Sigma-Aldrich, St.-Louis, USA

Cultivation tubes 12 ml

Roth, Karlsruhe, Germany

Dimethylsulfoxide (DMSO)

Merck, Darmstadt, Germany

Dulbecco’s Minimal Essential Medium (DMEM)
High Glucose

BioWest, Nuaillé, France

Phosphate Buffered Saline (PBS)

BioWest, Nuaillé, France

Enhanced chemiluminescence (ECL)

GE Healthcare, Little Chalfont, UK

Ethylenediaminetetraacetic acid (EDTA)

Merck, Darmstadt, Germany

Ethanol

Roth, Karlsruhe, Germany

Ethidium bromide

Roth, Karlsruhe, Germany

Exonuclease I & 10x reaction buffer

Thermo Fisher Scientific, Waltham,
USA

Fetal Calf Serum (FCS)

Life Technologies, Carlsbad, USA

GeneAmp PCR buffer (10x)

Life Technologies, Carlsbad, USA

GeneRuler 100 bp DNA ladder plus

Thermo Fisher Scientific, Waltham,
USA

GeneRuler 1 kb DNA ladder

Thermo Fisher Scientific, Waltham,
USA

GlutaMAX Life Technologies, Carlsbad, USA
Glycerol Roth, Karlsruhe, Germany

. Thermo Fisher Scientific, Waltham,
HindlIl USA
Hydrogen peroxide Roth, Karlsruhe, Germany

Horse serum (HS)

Life Technologies, Carlsbad, USA

Incidin Plus disinfectant

Ecolab, St. Paul, USA

Indicator tape

3M, St. Paul, USA

Isopropyl alcohol

Roth, Karlsruhe, Germany

Latex gloves

Roth, Karlsruhe, Germany

Lipofectamine 2000 Transfection Reagent

Life Technologies, Carlsbad, USA

Low-fat milk powder

Nestlé, Vevey, Switzerland

Kanamycin

Roth, Karlsruhe, Germany

Magnesium chloride (MgCl,)

Roth, Karlsruhe, Germany

N,N,N'.N'-Tetramethylethylenediamine (TEMED)

Roth, Karlsruhe, Germany

Pasteur pipettes

Hirschmann, Eberstadt, Germany

PCR plates 96 well

Sarstedt, Niimbrecht, Germany

PCR single tubes 200 pl

Sarstedt, Niimbrecht, Germany
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reagent / consumables

Supplier

Penicillin / Streptomycin (P/S)

BioWest, Nuaillé, France

PeqGOLD RNA Pure

PEQLAB, Erlangen, Germany

Petri dishes 50mm x 20 mm, 100 mm x 20 mm,
175 mm x 20 mm

Sarstedt, Niimbrecht, Germany

Pipette tips, barrier, 10 ul, 200 pl, 1000 ul

Biozym, Hessisch Oldendorf, Germany

Pipette tips, non-barrier, 10 ul, 200 ul, 1000 pl

Sarstedt, Niimbrecht, Germany

Platinum Tag DNA Polymerase

Life Technologies, Carlsbad, USA

Proteinase K

Sigma-Aldrich, St.-Louis, USA

Pstl Promega, Madison, USA

Sacl Promega, Madison, USA

RPMI 1640 BioWest, Nuaillé, France

Sample loading solution (SLS) Beckman Coulter, Brea, USA

SAP & SAP buffer (10x) Thermo Fisher Scientific, Waltham,

USA

Serological pipettes 5 ml, 10 ml, 25 ml

Sarstedt, Niimbrecht, Germany

Size standard 80

Beckman Coulter, Brea, USA

Smal

Thermo Fisher Scientific, Waltham,
USA

Sodium acetate

Roth, Karlsruhe, Germany

Sodium chloride

Roth, Karlsruhe, Germany

Sodium dodecyl sulfate (SDS)

Sigma-Aldrich, St.-Louis, USA

Sodium hydroxide

Roth, Karlsruhe, Germany

Sodium luminol

Sigma-Aldrich, St.-Louis, USA

Spel Promega, Madison, USA
SuperFect Transfection Reagent Qiagen, Hilden, Germany

SYBR green | Life Technologies, Carlsbad, USA
T4 DNA Ligase Thermo Fisher Scientific, Waltham,

USA

Tag-Polymerase

In-house production

Tris-Borate-EDTA (TBE) buffer 10x

Roth, Karlsruhe, Germany

Tris(hydroxymethyl)aminomethane (TRIS)

Roth, Karlsruhe, Germany

Trypane blue

BioWest, Nuaillé, France

Trypsin BioWest, Nuaillé, France
Trypton / Pepton Roth, Karlsruhe, Germany
Tween-20 Roth, Karlsruhe, Germany
Xbal Thermo Fisher Scientific, Waltham,
USA
Thermo Fisher Scientific, Waltham,
Xhol

USA

Xylene cyanol

Roth, Karlsruhe, Germany
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2.11 Oligonucleotides

2.11.1 Oligonucleotides (‘“primers”) used for PCR reactions

All oligonucleotides were manufactured and obtained from MWG Biotech, Ebersberg,

Germany and Biomers.net, Ulm, Germany.

Table 2.7: Overview of investigated genes and applied oligonucleotides

name Genbank /
(approved UniSTS acc. oligo name oligo sequence (5' to 3')
symbol) nr.
. . rs138880 for |CTGCCAAGGCTCTGCAGAA
B;;rg‘])domam containing 15138880 rev | CCTAAACCACTCTTCCCC
f\IM 01) 4577 rs4468 for CAGTGAATTTGTTAGATGATTA
- rs4468 rev CTTTATTCTCCCCTCTTTCCAC
Cl50rf53
Exonl nested |CTGTCTCCAGGCGTCTGTTT
forward
Cl5o0rf53
Exon 1 nested | TGGAGAAGAGAAGGGAAGCA
reverse
Cl50rf53
Exon 1 CAAGAGGACCTGGGCATTT
Primerl
forward
Cl50rf53
Cl50rf53 Exonl Primer |CACTTCTGGGCTTCTCTTGG
NM_207444 1 reverse
Clsorf53 GCGTCTGTTTGGATGGCTGGAGG
expression for
Cl50rf53
expression GGAAGTGGTGAACGGCGGGG
reverse
Cl5orf53 for |CCAGGAAGCAAGGCTAAGG
Cl5orf53rev. | TGGAGAAGAGAAGGGAAGCA
Cl5orf33 TGTGGTTGAGAACCCATCA
1s717 rs716 f
Cl5orf53 CAGGCTGGAGGTGTCTGAAT
rs717 rs716 r
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name Genbank /
(approved UniSTS acc. oligo name oligo sequence (5' to 3')
symbol) nr.
Cl5orf53 AGAGCTGCCACCAAGGAAC
rs2172835 f
Cl5orf53 CCTCAGCTTTCCTCCCTGTA
rs2172835 r
Glyceraldehyde-3-phosphate GAPDH for |GAAGGTGAAGGTCGGAGTC
dehydrogenase (GAPDH) GAPDH GAAGATGGTGATGGGATTTC
NM._ 002046 rev
iﬁ Micl for | G ACGACAGCAGAGGTAAGC
lg/lsld integ f | 1 A TGGACGCTGGGAACTGAAC
Micl up3 £ SS | AGGGAGGAACTGGGCTATGAC
Micl integ ex f | AGGGTGCCAATGTCTCCA
lg/icfl nested | [ GACTCAAAGCCCAAGGAC
. Micl pgk ATTCTCGCACGCTTCAAAAG
Megalencephalic prom f
leukoeqcephalopathy with SA Mlcl for GGACGACAGCAGAGGTAAGC
subcortical cysts 1 homolog, TK

human (Mlcl), NM_133241.2

Milcl integ ex
rev

AGGCACACAGCTTCCTGAAT

Micl inl for
TK

CTGCATAGGAGGGAATGGTGGTC

Milcl ex]1 nest f

CCAATGTCTCCAGGCAAATG

Mlcl int nest r

CTGTTGTGCCCAGTCATAGC

mmMlIcl Integ

TCCAGGCAAATGAAGCACATTCA

SA forward

mmMicl Integ | 554 CAGGTCGGTCTTGACAAAA

SA reverse

hsMLC1
Megalencephalic leukoencephalo- f;?ﬁ?;;l tf(l)r GGGTCTGCTCCTGGGAATGG
pathy with subcortical cysts 1 T MLCI
(MLCI), NM_015166.3 frsa N CAGTAAGCTTCTCTAGGG-

12 GTTACACAAATC

miR137 rev
Neomycin resistance gene Neo rev SS AGCCGATTGTCTGTTGTGCCC
(NeoR), AY497508.1 ¥§° 340rey | AT ACTTTCTCGGCAGGAGCA
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name Genbank /
(approved

symbol) nr.

UniSTS acc.

oligo name

oligo sequence (5' to 3')

Neo do3 rev
SS

CGGTGGATGTGGAATGTGTGC

Nuclear receptor subfamily 3,
group C,

member 1 (NR3C1),
NM_001204258

hsGR frag2
Spel Sacl
miR183 -
miR410 for

TGGCACTAGTCCCATT-
TTCACATTCCCATC

hsGR frag2
Spel Sacl
miR183 -
miR410 rev

TTTGGAGCTCGAGACC
ATCGCTGCCTGTAT

Oxytocin receptor (OXTR),
NM_000916

hsOXTR
rs237906 non-
syn Exon 3 for

AGCCGTAAAGGGCTCGAA

hsOXTR 4
SNPs Intron 3
for

TTGGCGTGTGTGTATGTGTG

hsOXTR 4
SNPs Intron 3
rev

AGCAGAAACTGTGGGTGTCC

hsOXTR
1$237897
Intron 3 for

GTAGTTGAAGGGGGTGTTGG

hsOXTR
1s237897
Intron 3 rev

ACAGGCCAAGAATGGACAAT

hsOXTR
rs237897
Intron 3 nfor

CCAAGGGAGAGGTGAAGACA

hsOXTR
1$237897
Intron 3 nrev

CCTCCCCCTCAAACTTGAAT

hsOXTR
1s237906 non-
syn Exon 3 rev

GGCGATGCTTAGGTGCTT

hsOXTR
rs4686302 ns
Exon 3 for

GGCCTACATCACATGGATCA

hsOXTR
rs4686302 ns
Exon 3 rev

CTTGACGCTGCTGACACG

OXTR 237906
nfor

CCGTAAAGGGCTCGAAGG
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name
(approved
symbol)

Genbank /
UniSTS acc.
nr.

oligo name

oligo sequence (5' to 3')

nrev

OXTR 237906

ATGAGCAGCAGCAGGTAGGT

OXTR

rs4686302 nfor

CATCACCTTCCGCTTCTACG

for

OXTR 237906

CTCATTTGCAGTGGCTCAGA

rev

OXTR 237906

CAGGAGCAGGATGAGACACA

2.11.2 Oligonucleotides (‘‘primers”) used for SNP detection

name Genbank /
(approved | UniSTS acc. oligo name oligo sequence (5' to 3')
symbol) nr.
OXTR 15237889 | AAAAAAATGATTTGCCGCTTTC-
det for CACAAGTTCCT
OXTR 152254298 | AAAAAAAAAAAAATTCAGAGG-
det rev AAGAAGCCCCGCAAACTG
OXTR 152268494 | AAAAAAAAAAAAAAAAATCCT-
Oxytocin receptor det for GCGGCCAGCTGCTGACATGCATA
(OXTR), NM_000916 AAAAAAAAAAAAAAAAAAAAA-
dost(g rs237897 | A AAATGCAGAGAGGTGAGTACT-
GCAAGGAG
AAAAAAAAAAAAAAAAAAAAA-
(?sgolj rs4686302 | \ AAAAAAATACATCGTGCCGGT-
CATCGTGCTCGCT

2.11.3 Oligonucleotides (‘“‘primers”) used for sequencing reactions

name | Genbank/
(approved | UniSTS oligo name oligo sequence (5' to 3')
symbol) acc. nr.
Cl50rf53 fragl seq f TGTGGTTGAGAACCCATCA
Cl5orf53 fragl seqr CAGGCTGGAGGTGTCTGAAT
Nﬁ?&ﬁi , Cl1501f53 frag2 seq f GCAGGGTTCTCAGTTTCTGC
a Cl50rf53 frag2 seqr CCACACTTGCAAAATCCTGTT
Cl50rf53 frag3 seq f GACAGAAAGATGCCCACTCC
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name Genbank /

(approved | UniSTS
symbol) acc. nr.

oligo name

oligo sequence (5' to 3')

Cl50rf53 frag3 seqr

CCAAAACTTTACAGCTTAAAAC

Cl50rf53 frag4 seq f AGAGCTGCCACCAAGGAAC
Cl50rf53 fragd seq r CCTCAGCTTTCCTCCCTGTA
Cl50rf53 frags seq f GTCAGTCAGTGGCTCCATCC
Cl5o0rf53 fragS seq r CCTAGTTTGGGTGGGGAAAG
Cl50rf53 fragb seq f GCATGCCAATCTCTCCTCTC
Cl50rf53 fragb seq r CAAGCCAGGGATGAAACAAT
Cl50rf53 frag7 seq f GTTCCTTCTGGGGTCACTCA
Cl50rf53 frag7 seq r ATGTTTCCGGTAACCAGCAG
Cl50rf53 frag8 seq f CCCAGACTTCTTGGATGGAC
Cl5orf53 frag8 seq r CCCACTGCATTTCTTCACCT
Cl50rf53 frag9 seq f TTTGCCAAACTGGAACACAA
Cl50rf53 frag9 seq r TCTCCCTCCTGCCTGACTAA
Seq_pMIR_REPORT _for
NR3C T —= | AGGCGATTAAGTTGGGTA
NM_000176 Seq_pMIR_REPORT _rev_

TK

GGAAAACTCGACGCAAGAAA

2.12 Precursor sequences of miRNAs and applied antibodies

Table 2.8: Nucleotide precursor sequences of miRNAs

name
(approved
symbol)

miRBase
acc. nr.

precursor sequence

hsa-mir-124-1

AGGCCUCUCUCUCCGUGUUCACAGCGGACCU-

MI0000443 | UGAUUUAAAUGUCCAUACAAUUAAGGCACG-

(MIR124-1) CGGUGAAUGCCAAGAAUGGGGCUG
GGUCCUCUGACUCUCUUCGGUGACGGGUAU-
hsamir-137 | oo o |UCUUGGGUGGAUAAUACGGAUUACGUUGUU-
(MIR137) AUUGCUUAAGAAUACGCGUAGUCGAGGAGA-

GUACCAGCGGCA
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Table 2.9: Antibody list

working
name . manufacturer
concentration

rabbit anti-human GRo (H-300) 1:1000 Jonta Cruz Biotech, Santa Cruz.
rabbit anti-human MLC1 1:200 Abcam, Cambridge, UK

rabbit anti-human MLC1 (N-18), 1:200 Santa Cruz Biotech, Santa Cruz,
sc-86741 USA

rabbit anti-mouse o-tubulin (H-300) 1:5000 Jonta Cruz Biotech, Santa Cruz.

2.13 Commerecial kits

Table 2.10: Commercial Kits list

name

manufacturer / supplier

BigDye Terminator v3.1 Cycle Sequencing Kit

Life Technologies, Carlsbad, USA

dNTPs (ATP, CTP, GTP, TTP)

Thermo Fisher Scientific, Waltham, USA

GenelET Gel Extraction Kit

Thermo Fisher Scientific, Waltham, USA

GenomeLab DTCS Quick Start Kit

Beckman Coulter, Brea, USA

GenomeLab SNPStart Primer Extension Kit

Beckman Coulter, Brea, USA

High Pure RNA Isolation Kit

Roche Diagnostics, Risch, Switzerland

MACS MicroBeads

Miltenyi, Bergisch Gladbach, Germany

MinElute Gel Extraction Kit

Qiagen, Hilden, Germany

MinElute PCR Purification Kit

Qiagen, Hilden, Germany

peqGOLD Gel Extraction Kit

PEQLAB, Erlangen, Germany

peqGOLD Plasmid Miniprep Kit II

PEQLAB, Erlangen, Germany

peqGOLD RNA Pure PEQLAB, Erlangen, Germany

Phusion High-Fidelity DNA Polymerase Thermo Fisher Scientific, Waltham, USA
QIAamp DNA Micro Kit Qiagen, Hilden, Germany

QIAGEN Plasmid Maxi Kit Qiagen, Hilden, Germany

QIAGEN Plasmid Midi Kit Qiagen, Hilden, Germany
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2.14 Equipment, bioinformatic tools & databases

2.14.1 Equipment

Table 2.11: Equipment and manufacturer list

name

manufacturer / supplier

ABI 3100 Genetic Analyzer

Life Technologies, Carlsbad, USA

Acculet Pipette Controller

Brand, Wertheim, Germany

Agencourt SPRIPlate 96R Magnet Plate

Beckman Coulter, Brea, USA

Analytical balance L 420 P

Sartorius, Goéttingen, Germany

Autoclave GVA 570 Gossner, Hamburg, Germany
Avanti Centrifuge J-25 1 Beckman Coulter, Brea, USA
Balance Europe 4000 AR Gibertini, Novate Milanese, Italy
Beckman Coulter CEQ 8000 Genetic Analysis System | Beckman Coulter, Brea, USA
Cabinet dryer WTB Binder, Tuttlingen, Germany
Cabinatic pH-Meter 766 Knick, Berlin, Germany

Digital camera D50 Nikon, Tokio, Japan

DNA Engine Opticon 2 Real-Time PCR Detection
System

Bio-Rad, Hercules, USA

Electrophoresis chamber CTI, LKB, GNA 200

Pfizer, New York City, USA

Electrophoresis chamber Sub-Cell GT

Bio-Rad, Hercules, USA

Electrophoresis power supply Consort E865

Consort, Turnhout, Belgium

Electrophoresis power supply EPS 3500 XL, EPS 200

Pfizer, New York City, USA

Electrophoresis power supply PowerPac 300

Bio-Rad, Hercules, USA

Eppendorf Thermomixer 5436

Eppendorf, Hamburg, Germany

Fume hood Maxima 17840 WRT

Hemling, Ahaus, Germany

GeneQuant II Spectrophotometer

Pfizer, New York City, USA

Hellma Suprasil cuvette, bluespot, 10 mm thickness, 15
mm center

Hellma, Miillheim, Germany

Hettich Rotina 48RC Hettich, Tutlingen, Germany
Incubator Heraeus, Hanau, Germany
IR sensor CO2 incubator Sanyo, Moriguchi, Japan
Julabo waterbath UC Julabo, Seelbach, Germany

Laboratory dish washer Mielabor G7783 Multitronic

Miele, Giitersloh, Germany

Laminar flow Jouan MSC-12

Thermo Fisher Scientific,
Waltham, USA

Light microscope Kulowert

Hundt, Wetzlar, Germany

Magnetic stirrer Monotherm

Faust, Schaffhausen, Switzerland

Microcentrifuge C1301B

Labnet, Woodbrigde, USA

Microwave oven Micromat

AEGe-Electrolux, Niirnberg,
Germany
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name

manufacturer / supplier

Multichannel (8) pipettes 1 — 10 pl, 5 — 50 pl

Biohit, Helsinki, Finland

Nanodrop ND-1000

Thermo Fisher Scientific,
Waltham, USA

PCR workstation P-036

C.B.S. Scientific, Del Mar, USA

Rotating incubator Gallenkamp

Sanyo, Moriguchi, Japan

Schutron Schnipptherm heat block

Wolflabs, York, UK

Single channel pipettes 0.5-10 pl, 20 — 200 pl,
100 — 1000 pl

Biohit, Helsinki, Finland

Tabletop centrifuge Z233M

Hermle, Wehingen, Germany

Tabletop centrifuge Z233MK-2

Hermle, Wehingen, Germany

Thermocycler GeneAmp 9600

PerkinElmer, Waltham, USA

Thermocycler GeneAmp PCR System 9700

PerkinElmer, Waltham, USA

Thermocycler Multigene Gradient TC-9600-G

Labnet, Woodbridge, USA

TKA Micropure water system

Thermo Fisher Scientific,
Waltham, USA

UV screen N-90M

Intas, Gottingen, Germany

Vortex Mixer Neolab

Neolab, Heidelberg, Germany

Vortexer Vortex Genie 2

Scientific Industries, Bohemia,
USA

Waterbath Julabo SW21

Julabo, Seelbach, Germany

2.14.2 Bioinformatic tools & databases

Table 2.12: Applied bioinformatic tools and databases

name URL / manufacturer
ChromasLite Technelysium Ltd.
ClustalW http://www.ebi.ac.uk/Tools/msa/clustalw2/
DBTTS http://dbtss.hgc.jp/
Ensembl Genome Browser http://www.ensembl.org/
GeneCards http://www.genecards.org/
Haploview Broad Institute, Cambridge, USA
Imagel NIH, Bethesda, USA
miRBase http://www.mirbase.org/
NCBI http://www.ncbi.nlm.nih.gov/
NEBCutter http://tools.neb.com/NEBcutter2/
Primer3 http://frodo.wi.mit.edu/primer3/
Pubmed http://www.ncbi.nlm.nih.gov/pubmed/
SPSS IBM corporation, Armonk, USA
TargetScan http://www.targetscan.org/
UCSC Genome Browser http://genome.ucsc.edu/
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name URL / manufacturer
Unphased MRC Biostatistics Unit, Cambridge, UK
VectorNTI Life Technologies, Carlsbad, USA

2.15 Methods

2.15.1 Non-conditional murine Mlcl knockout mouse procedure

In order to investigate the function of Mlcl during development, a constitutive knockout
mouse model was planned. In a constitutive knockout mouse, the gene of interest is
inoperable in all somatic cells throughout all developmental stages of the organism. The

knockout procedure is illustrated by the subsequent scheme (Figure 2.3).

Engineering a Knock-out Mouse

Embryonic S(em (ES)
cells from black mouse Introduce DNA
contalning mutant gene

Normal
chromosome
Introduced Inject altered ES

mutation cells into

blastocyst stage
of embryo from
brown mouse

‘
J"
Implant embryo

: into surrogate
& C)g% ) mother mouse
c
4\

k)

Surrogate mother gives

i birth to chimeric pup; this pup
- —— has cells from the black
y strain and cells from the

brown strain

Figure 2.3: Simplified illustration of the knock out procedure (http://tinyurl.com/5sp2373). Embryonic stem
cells (ES) are isolated from one mouse strain (black). The knockout vector (DNA containing mutant gene) is
electroporated into the ES. Due to homologous recombination, the original chromosomal DNA sequence is
replaced by an inoperable DNA sequence leading to a gene knockout. The recombinant ES are introduced into a
blastocyst of a different mouse strain (brown). The blastocyst containing the recombinant ES is implanted into a
surrogate mother mouse. The offspring are chimeric; they merge qualities of the donor (black) and the acceptor
(brown) mouse strain, which is especially indicated by the color of the fur (black and brown).
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The knockout vector pMlcl_KO_mod (Figure 2.3) created by Savira Ekawardhani
(Ekawardhani, 2008) was used during the Mlc1 knockout process, which was performed at the
Institute for Clinical Neurobiology (head of department: Professor Michael Sendtner), SFB
581 “Molecular models for diseases of the nervous system”, University of Wiirzburg,
Germany. The subsequently described procedure was given as a courtesy of the Department

of Clinical Neurobiology.

Procedure

Mouse embryonic fibroblasts (MEF) were seeded in 75 cm? cell culture flasks and incubated
at 37 °C at 95 % O, / 5 % CO; in humidified air until they reached confluence. The MEF cells
served as the attachment layer (so-called “feeder cells”). Murine embryonic stem cells (ES)
from the 129/0Ola mouse strain were seeded on top of the MEF layer and incubated for 96 h
until they reached confluence. After 96 h, the ES-MEF matrix was trypsinized and the cell
matrix detached from the flask bottom. The cell suspension was singularized by aspiration
with a 25 ml serological pipette. For subsequent electroporation, the ratio of ES to MEF was
determined. An aliquot of the ES—MEF suspension was transferred into a cuvette and

electroporated with the knockout vector construct “pMIcl_KO_mod” (Figure 2.4).

Mic1_Short_Arm

Hoti (1) Xbal (9) Xbal (740)
Xhol (1259)

pUC19 backbone pgk promoter

Neomycin cassette

Hindlll (10024) pAsignal

pMic1_KO_mod
12672 bp

Xbal (3037)
BamHI (3043)

pAsignal

HSV-TK

pok promoter Mic1_Long_Arm

EcoRl (7184)
Xbal (6169)

Figure 2.4: Validated Mlcl promoter construct pMlcl_KO_mod. The short arm of Micl encompasses the first
and the second exons, the long arm intron three to intron five of Micl (Ekawardhani, 2008).
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After electroporation, the cell suspension was plated into a 10 cm? petri dish that had been
previously covered with MEF cells and supplied with the appropriate cell culture medium.
The ES suspension was left overnight for attachment of the ES with the MEF matrix. The next
day, the selection process with G418 was started. This selection process was repeated at least

three times.

For positive selection, i.e. for validation of successful integration of the knockout construct
into the genome, the neomycin (NeoR) resistance gene had been integrated into the knockout
vector construct. By application of the antibiotic G418, recombinant embryonic stem cells
could be selected from non-recombinant ones. For negative selection, i.e. if the presumed
homologous recombination had occurred at the correct position in the mouse genome or not,
the Herpes simplex virus thymidine kinase gene (HSV-TK) had been additionally integrated
into the knockout construct. The application of the drug ganciclovir, an analogon of the
nucleoside guanosine that by phosphorylation leads to the termination of DNA elongation, led
to the elimination of those cells that had not inserted the knock out construct at the correct

position in the mouse genome, i.e. non-homologous recombination (Figure 2.5).

Positive-Negative Selection
Homologous Homologous
region 1 neo’ region 2 tk
O g = 70 T 7~
Gene targeting || Targeting vector [|Random integration
neo’ neo’
ﬁ tk x: (/\)>
[ T T | [T
Target gene Random gene
[ Homologous recombination [ Random insertion
neo’ neo' tk
CI0 W T I W] IR [y e—
Included by positive selection (neo") Excluded by negative selection (tk)

Figure 2.5: Integration of the knockout construct into the mouse genome (Tsai et al., 2007). Left: homologous
recombination with the neomycin resistance gene (neo") disrupting the gene of interest. Right: non-homologous
recombination with complete insertion of the knockout construct including the tk gene.

61



Material & Methods

Those ES that had survived the selection process (G418 and ganciclovir-resistant) were
isolated and transferred to 96 well plates. Backups of the positively tested ES were transferred
to a 24 well plate. Once the ES backup sample had reached confluence of 80 %, these cells
were partially transferred to six well plates and ultra-deep frozen at -80 °C. The backup plates
with the remaining ES that had presumably undergone homologous recombination were sent

to our department for further verification and validation via genome integration-specific PCR.

2.16 PCR reactions on gDNA of ES

2.16.1 Estimation of ES gDNA amount by PCR on Serpina6

The total gDNA content from each well of the 96 well plates was below the measurement
range of the spectrophotometer. A PCR reaction on the gene Serpina6 was set up to validate
the yield of the ES gDNA. Serpina6 is the major transport protein for glucocorticoids in the
blood in most of the vertebrates. The PCR conditions were optimized on gDNA from
C57BL/6 mice. After optimization, ES gDNA was taken as a template for PCR. C57BL/6
gDNA was used as a positive control, H,O served as the negative control. The expected PCR

product had a size of 300 bp.

5 ul of ES gDNA

10 pmol primer "mmCBG Exon 3 for”
10 pmol primer “mmCBG Exon 3 rev”
0.2 mM dNTPs

5 ul buffer B

1 U Taq — Polymerase

PCR conditions: 5 min at 94 °C for initial denaturation followed by 35 cycles (30 s at 94 °C,
30 s at 54 °C, 30 s at 72 °C) and a final extension step for 10 min at 72 °C.

PCR products were separated on a 1.5 % agarose gel at 140 V for 1.5 h.
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2.16.2 Detection of aberrant Micl gDNA sequence into ES genome

A PCR reaction with pMlcl_KO_mod-specific primers was conducted to check, if
recombination between the Mlcl knockout construct and the ES genome had occurred. Prior
to PCR, the ES gDNA was isolated with the QIAamp DNA Micro Kit (Table 2.10) according
to the manufacturer’s protocol. The expected PCR product had a size of 430 bp. The
subsequent description is valid for one single PCR reaction. Each PCR reaction was
completed with H,O until a total volume of 50 ul. As a positive control, 10 ng of

pMlcl_KO_mod was used. H,0 served as a negative control.

10-20 ng of ES DNA

10 pmol “Mlc1 pgk prom f”
10 pmol “Neo 340 rev TK”
0.2 mM dNTPs

5 ul buffer B

1 U Taq — Polymerase

PCR conditions: 5 min at 94 °C for initial denaturation followed by 35 cycles (30 s at 94 °C,
30 s at 54 °C, 30 s at 72 °C) and a final extension step for 10 min at 72 °C.

PCR products were separated on a 1.5 % agarose gel at 140 V for 1.5 h.

2.16.3 Detection of homologous recombination of aberrant Mic! into ES genome

Subsequent to the detection of aberrant Micl gDNA in the ES genome, the homologous
recombination had to be verified. If homologous recombination of the aberrant Micl sequence
and the ES genome had been successful, a positive clone would have been identified to
continue with in the knockout process. To verify the success of the homologous
recombination, a PCR with integration-specific primers was conducted. The forward primer
binds in the ES genome, in 5’ orientation to the putative integration site. The reverse primer
binds to the phosphoglycerate kinase (pgk) promoter sequence (Figure 2.4). The
pMlcl_KO_mod vector and H,O served as negative controls. The expected product size was

1,398 bp.
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10 — 20 ng of ES DNA

10 pmol primer “Mlcl integ ef
10 pmol primer “Neo do3 rev SS”
0.2 mM dNTPs

5 ul buffer B

1 U Taq — Polymerase

PCR conditions: 5 min at 94 °C for initial denaturation followed by 35 cycles (30 s at 94 °C,

30sat52-58 °C, 30 s at 72 °C) and a final extension step for 10 min at 72 °C.

PCR products were separated on a 1.0 % agarose gel at 140 V for 1.5 h.

2.16.4 In silico predicition of miRNA target sites in 3’-UTRs of MLCI and NR3C1

The 3’-UTR of the human MLCI was investigated by the bioinformatic tool TargetScan
human, release 5.1 (Table 2.12). Exactly one putative miRNA binding site (miR-137) was
predicted for the 3’-UTRs of both, MLC1I and NR3C1 (Figure 2.6, http://tinyurl.com/3Ibv7ag).

Human MLC1 3'UTR

0.1k 0.2k 0.3k 0.4k 0.5k 0.6k 0.7 0.8k 0.9 1k 1.1k 1.2k 1.3k 1.4k 1.5 1.6k 1.7k 1.8k 1.9 2 2.1k
Gene
Human MLC1 NM_015166 3” UTR length:2190
Conserved sites for niRNA fanilies broadly conserved among vertebrates
miR-137

Human NR3C1 3'UTR

K 04K 0.2k 0.3 0.k 0.5k 0.6k 0.7k 0.8k 0.9k 1k 1.0k 1.2k 1.3k 1.4k 1.5k 1.6k L.k 1.8k 1.9k 2k 2.4k 2.2k 2.3k 2.0k

Gene

Human NR3CL NM_000176 3 UTR length:2475

I niR-22 niR-18ab
WIR-142-3p '
! llvu—aa Ua-op/30b/30b-5p/30cde/384-5p

Conserved sites for niRNA fanilies conserved only among nannals
miR=328 miR=377

ites for niRNA fanilies broadly conserved among vertebrates
miR-204/211 miR-183
] 1

miR=320/320abcd

i
niR-340/340-5p niR-300
]
niR-410
]
Poorly conserved sites and sites for poorly conserved miRNA fanilies
miR-570  miR-513a-3pmiR-513a-3p miR-142-5pmiR-660NiR-556-5p miR-1324  miR-921 miR-486/486-5p miR-578  miR-129-3p miR-154  miR-216/216a miR-1275 niR-543 miR-329/362-3p
[ ] i 1 [] [] U i (] 1 ] ] i
niR-338-5p  miR-576-5p miR-1284  miR-380 miR-29abc miR-450b/450b-5p miR-1303 miR-513a-5p miR-587  miR-548c-3pmiR-642 MiR-1208 miR-637miR-182 miR-515-SpniR-616
[ ) ] ] L] i 1 1 ] ] 1
niR-300 MiR-1264 miR-943 niR-1324 niR-620/1270 miR-331-5p miR-561 miR-936 miR-421 miR-588 niR-1284 miR-639 niR-130/301 miR-1263 niR-1303  miR-340/340-5p
1 ] 1 L) 1 ] ] 1 1 | ]
niR-139-5p niR-1248  miR-587  miR-338-5p miR-200bc/429 miR-606 miR-129/129-5pmiR-1305  miR-889 niR-216/216a  miR-1185 mxP—ZZDme1R~WOmR-204/211
1 ] ] ] ] ] 1 ] | ] 1 L]
niR-1291  miR-876-3p miR-623  miR-1303  miR-507/557 niR-1293 miR-1/206 miR-618  miR-513a-3p niR-433 miR-452.h miR-29abCc MIR-534 niR-1179 niR-141/200a
1 i L] [} ] 1 ] ] 1 ) i ]
niR-620/1270 niR-409-3p  miR-1258 niR-763/1207-3p  miR-581/669d  miR-656 niR-1283 niR-709/1827niR-297/297a/2970~5p/297c miR-498
1 1 1 | ] 1 1 1 1 1 1

Figure 2.6: 3'-UTRs of MLCI and NR3CI. Only one target site (miR-137) was predicted for each gene (black
box on right end of 3’-UTRs).
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To verify a possible effect of miR-137 on MLCI and NR3CI translation, the miR-137
precursor molecule was transfected into SK-N-MC, U373MG and PC12 cells. As a negative
control, miR-22 was used as no binding site for this miRNA has been predicted for MLCI and
as it has been empirically proven not to affect NR3CI translation. As a positive control,
miR-124 was applied as it has been empirically proven that this miRNA negatively affects
NR3C] translation.

2.16.5 Heat inactivation of fetal calf (FCS) and horse serum (HS)

FCS is derived from new born calfs and is a mandatory component for cell culture work, as it
contains high levels of growth factors. Pure FCS also contains high concentrations of
complement system cells that disturb during cell culture work because they interact with alien
cells and destroy them. The complement system cells are heat sensitive. Hence, the FCS bottle
was placed in a water bath at 56 °C for 30 min and stirred regularly to degrade them. An
extended incubation time at this temperature would lead to the degradation of growth factors,

vitamins and amino acids.

2.16.6 Depletion of steroids in FCS and HS by charcoal filtering

The heat inactivated FCS and HS still contain high levels of steroids such as glucocorticoids
and cholesterol. Endogenous glucocorticoids like cortisol bias cell culture experiments
focusing on glucocorticoid expression and effects. The interference by glucocorticoids can be
lowered to a minimum by depletion with charcoal (Roel de Rijk, personal communication).
10 g of charcoal were added to 500 ml heat-inactivated FCS and agitated overnight at 30 rpm
and 4 °C. The next day, the serum was divided over sterile 50 ml tubes and centrifuged at
4,500 g for 10 min. The supernatant was filtered twice with sterilizing grade filters (0.1 uM)
to remove to charcoal. The complete procedure was repeated once. The remaining and two

times steroid-stripped FCS was aliquoted in sterile 50 ml tube and stored at -20 °C.
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2.17 Cell culture experiments with miR-137, miR-22 and miR-124

SK-N-MC and U373MG

Aliquots of SK-N-MC and U373MG cells were taken from the liquid nitrogen storage and
quickly thawed at 37 °C in a water bath and added to a 75 cm? cell culture flask containing
DMEM High Glucose with 15 % (v/v) steroid-depleted FCS, 1 % (v/v)
Penicillin / Streptomycin (P/S) and 1 % (v/v) GlutaMAX. After 24 h, the medium was
completely removed and replaced to deplete the cell-toxic DMSO. U373MG and SK-N-SH
cells were split at a confluence of 80 %. The complete medium was removed by a vacuum
suction device. The cells were washed by adding 20 ml of PBS " and tilting the cell culture
flask several times. The PBS ” was removed and 3 ml of prewarmed Trypsin-EDTA was
added to detach the cells from the bottom and to enable singularization. The cell culture flask
was placed into the incubator at 37 °C and afterwards hit several times to support the cell
detachment. The cells were supplied with 15 ml of DMEM High Glucose with 15 % (v/v)
FCS, 1 % (v/v) P/S and 1 % (v/v) GlutaMAX. A part of the cell suspension was transferred to
new cell culture flasks; the rest was centrifuged at 300 g and 4 °C for 10 min. The resulting
pellets were resuspended in 1 ml freezing medium consisting of 70 % (v/v) DMEM High
Glucose, 20 % (v/v) steroid-depleted FCS and 10 % (v/v) DMSO. The cell suspension was
transferred to cryoconservation tubes and these were stored at -80 °C in a cryoconservation
box enabling a cooling-down of 1 °C / min. The next day, the cryoconservation tubes were

transferred to liquid nitrogen for long-term storage.

For experimental use, U373MG and SK-N-SH cells were seeded 24 h prior to transfection in
cell culture plates containing six wells at a concentration of 5 x 10° cells per well and
incubated in DMEM High Glucose containing 15 % (v/v) steroid-depleted FCS. Cells were
incubated in humidified air with 5 % CO,. After 20 h, the medium was removed and the cells
were rinsed once with prewarmed PBS 7. The prewarmed PBS " was removed and 2 ml of
serum-free DMEM High Glucose was added to each well. For transfection, the concentration
of 100 uM miR-137, miR-22 and miR-124 was used. Transfection was done with
Lipofectamine RNAiMAX according to the manufacturer’s protocol exactly 24 h after
seeding. 4 h after transfection, the serum-free medium was removed and 2 ml of prewarmed
DMEM High Glucose containing 15 % (v/v) steroid-depleted FCS was added to each well.
The medium of each well was renewed 24 and 48 h after transfection and replaced by DMEM
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High Glucose supplemented with 15 % (v/v) steroid-depleted FCS, 1 % (v/v) GlutaMAX and
1 % (v/v) P/S. 72 h after transfection, the cells were harvested in 1 ml protein lysis buffer and
stored on ice. Protein quantification was performed by applying the Bradford Assay using

standard protocols.

PC12

PC12 cells derived from a rat pheochromocytoma (tumor of the renal medulla) and it has been
proven to be an appropriate model system for the investigation of neuronal phenotypes
(Martin and Grishanin, 2003). The application of nerve growth factor (NGF) leads to a
differentiation of these cells into a neuronal phenotype. Aliquots of PC12 cells were taken
from the liquid nitrogen storage and quickly thawed at 37 °C in a water bath and added to a
75 cm? collagen-coated cell culture flask containing RPMI-1640 with 10 % (v/v) steroid-
depleted HS, 5 % (v/v) steroid-depleted FCS, 1 % (v/v) P/S and 1 % (v/v) GlutaMAX. 24 h
later, the medium was completely removed and replaced to deplete the cell-toxic DMSO.
PC12 cells were split at a confluence of 80 %. The complete medium was removed by a
vacuum suction device. The cells were washed by adding 20 ml of PBS 7 and tilting the cell
culture flask several times. The PBS " was removed and 3 ml of prewarmed Trypsin-EDTA
was added to detach the cells from the bottom and to enable singularization. The cell culture
flask was placed into the incubator at 37 °C and afterwards hit several times to support the
cell detachment. 15 ml of RPMI-1640 with 10 % (v/v) steroid-depleted HS, 5 % (v/v) FCS,
1 % (v/v) P/S and 1 % (v/v) GlutaMAX was added to the cell culture flask. A part of the cell
suspension was transferred to new cell culture flasks; the rest was centrifuged at 300 g and
4 °C for 10 min. The resulting pellets were resuspended in 1 ml freezing medium consisting
of 70 % (v/v) DMEM High Glucose, 10 % (v/v) steroid-depleted HS, 5 % (v/v) steroid-
depleted FCS and 10 % (v/v) DMSO. The cell suspension was transferred to cryoconservation
tubes and put into a cryoconservation box at -80 °C enabling a cooling-down of 1 °C / min.
The next day, the cryoconservation tubes were transferred to liquid nitrogen for long-term

storage.

For experimental use, undifferentiated PC12 cells were seeded 24 h prior to transfection in
collagen-coated cell culture plates containing six wells at a concentration of 5 x 10° cells per

well and incubated in RPMI-1640 containing 10 % (v/v) steroid-depleted HS, 5 % (v/v)
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steroid-depleted FCS, 1 % (v/v) P/S and 1 % (v/v) GlutaMAX. Cells were incubated in
humidified air with 5 % CO,. After 20 h, the medium was removed and the cells were rinsed
once with prewarmed PBS 7. The prewarmed PBS " was removed and 2 ml of serum-free
RPMI-1640 was added to each well. For differentiation of PC12 cells into a neuronal
phenotype, 100 ng / ml NGF was added to each well and incubated for at least seven days.
For transfection, the concentration of 100 uM miR-137, miR-22 and miR-124 was used.
Transfection was done with Lipofectamine RNAiIMAX according to the manufacturer’s
protocol exactly 24 h after seeding. 4 h after transfection, the serum-free medium was
removed and 2 ml of prewarmed RPMI 1640 containing 10 % (v/v) steroid-depleted HS and
5 % (v/v) steroid-depleted FCS was added to each well. The medium of each well was
renewed 24 and 48 h after transfection and replaced by DMEM High Glucose supplemented
with 15 % (v/v) steroid-depleted FCS, 1 % (v/v) GlutaMAX and 1 % (v/v) P/S. 72 h after
transfection, the cells were harvested in 1 ml protein lysis buffer and stored on ice. Protein

quantification was performed applying the Bradford Assay using standard protocols.

2.17.1 Immunoblot analysis of miR-137, miR-22 and miR-124 effects on NR3C1
expression

The samples were all diluted to a total protein concentration of 1.5 pg / ul; 20 ug total protein
of each sample was used for immunoblot analysis. Prior to gel loading, samples were
denaturated with B-mercaptoethanol for 5 min at 94 °C. Proteins were separated via SDS-
PAGE and subsequently transferred to a PVDF membrane. The blots were blocked for 1 h in
TBST and 5 % (w/v) low-fat milk powder. The primary antibodies anti-MLC1 (1:200), anti-
GRa (1:1000) and anti-a-tubulin (1:5000) were added after blocking for 2 h at room
temperature (25 °C) or overnight at 4 °C. Blots were washed three times with TBST prior to
incubation with horseradish peroxidase-conjugated secondary antibodies. Antibody binding

was detected by enhanced chemiluminescence (ECL).

2.17.2 Amplification of NR3C1 3’-UTR fragment

For investigation of miRNA effects on the 3’-UTR of NR3C1, a 628 bp section of the 3’-UTR
(Chr 5: 142.660.301 — 142.659.674, GRCh37) was amplified by PCR using primers
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containing the recognition sites for the restriction enzymes Spel (hsGR frag2 Spel Sacl
miR183 - miR410 for) and Sacl (hsGR frag2 Spel Sacl miR183 - miR410 rev). Human
¢DNA was used as a template, H,O served as a negative control. PCR reactions were

accomplished in a total volume of 50 pl.

NR3C1 3’UTR 628 bp fragment PCR

100 ng human gDNA

10 pmol “hsGR frag2 Spel Sacl miR183 - miR410 for*
10 pmol ,,hsGR frag2 Spel Sacl miR183 - miR410 rev*
0.2 mM dNTPs

5 ul HF — buffer

1 U Phusion Tag Polymerase

PCR conditions: 5 min at 94 °C for initial denaturation followed by 25 cycles (30 s at 94 °C,

30 s at 60 °C, 30 s at 72 °C) and a final extension step for 5 min at 72 °C.

PCR products were separated on a 1.5 % agarose gel at 140 V for 1.5 h.

2.17.3 Verification of NR3C1 3’-UTR fragment by enzymatic restriction

The putative NR3C1 fragment was extracted from the agarose gel applying the MinElute Gel
Extraction Kit (Table 2.10) according to the manufacturer’s protocol. The DNA yield was
checked with the spectrophotometer Nanodrop ND-1000 (2.7.4). The DNA fragment was
verified by an enzymatic restriction reaction with Pstl. The restriction reaction was carried out
in a 1.5 ml reaction tube in a total volume of 20 ul. In the negative control, H,O was used as

the template.

Enzymatic restriction reaction of NR3C1 3’-UTR fragment

template: 500 ng (5 ul) DNA from PCR reaction or H,O
2 ul 10x MULTI-CORE buffer

0.5ul PstI (SU/pl)

12.5 pul H20
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The reaction tube was centrifuged for 10 s at 10,000 g to concentrate the liquid in the bottom
part of the tube. The reaction was carried out at 37 °C for 3 h in a water bath. The tube was
taken out and centrifuged another time for 10 s at 10,000 g. The restriction reaction was
stopped by incubation of the tube at 80 °C for 15 min. The reaction tube was centrifuged
another time for 10 s at 10,000 g. The cleaved DNA fragment was loaded on a 1.5 % agarose
gel and run at 140 V for 1.5 h to check if the restriction had worked properly. Two fragments
were expected with a size of 442 and 186 bp.

2.17.4 Cloning of NR3C1 3’-UTR fragment into pMIR-REPORT vector

After verification of the NR3CI fragment (2.17.3), the pMIR-REPORT vector and the NR3C1

fragment were cleaved with Spel and Sacl simultaneously.

Enzymatic restriction reactions were accomplished in a volume of 20 ul in 1.5 ml reaction

tubes. H,O served as a negative control.

Restriction of NR3C1 fragment & pMIR-REPORT

1 ug PCR product (NR3C1 3’-UTR) respectively pMIR-REPORT or H,O
2 ul 10x MULTI-CORE buffer

0.5 pl each Spel & Sacl (each 5 U/ ul)

filled up to 20 pl with HO

The enzymatic restriction reactions were carried out according to the conditions that were
previously described. The cleaved DNA fragments were checked on a 1.5 % agarose gel at
140 V for 2 h. 100 ng of non-cleaved NR3CI fragment DNA and pMIR-REPORT were used

as a control.

The cleaved pMIR-REPORT vector was treated with shrimp alkaline phosphatase (SAP). SAP
dephosphorylates the 5’ ends of nucleotides and prevents a religation of the linearized vector.

The reaction volume was 20 pl.
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SAP-treatment of Spel and Sacl cleaved pMIR-REPORT

1 ug Spel — Sacl cleaved pMIR-REPORT
2 ul 10x SAP reaction buffer

1 ul SAP (1 U/ pl)

11 ul H20

The reaction was carried out in a 1.5 ml reaction tube. The sample was quickly mixed and
centrifuged for 10 s at 10,000 g and incubated at 37 °C for 30 min. The SAP was inactivated
by incubation of the sample at 65 °C for 20 min.

For ligation of the insert DNA into the vector, the amounts of insert DNA and vector DNA

were calculated according to this equation (Promega, Madison, USA).

length of insert (kb)
length of vector (kb)

X ng of vector = ng ofreq.insert fora 1:1 insert — vector ratio

Ligations were set up in 1:1, 1:3 and 3:1 ratios. The ligation reactions were set up with the
appropriate insert — vector DNA ratios, 2 ul of 10x Ligase Buffer, 1 ul T4 DNA Ligase
(5 U/ pl) and filled up with H,O to a volume of 20 ul. The reaction samples were incubated
at 16 °C overnight (12 — 16 h).

2.17.5 Transformation of pMIR_REPORT_NR3C1 construct into bacterial strains
TOP10 & XL10-Gold

The bacterial strains TOP10 and XL10-Gold are chemically competent: due to a prior
chemical treatment, the bacterial cell walls are able to uptake exogenous DNA. From each of
the bacterial strains, three 50 pl aliquots were taken and defrosted on ice and 10 ul of each
ligation reaction (2.17.4) was added to each bacterial sample. A pure bacterial aliquot
supplied with H,O instead of the plasmid served as negative control. The bacteria — ligation
mixes and the negative control were incubated for 30 min on ice, which was followed by a

heat shock of 45 s at 42 °C. Immediately after the heat shock, bacteria — ligation mixes were
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put on ice for 2-3 min. Subsequently, the samples were supplied with 300 pul prewarmed
antibiotics-free LB medium (Table 2.5) and incubated in a rotating incubator for 1 h at 37 °C
and 180 rounds per minute (rpm). 150 ul of the bacterial suspension was taken and spread
over prewarmed LB agar plates (Table 2.5) containing 50 pug / ml ampicillin. The inoculated

plates and a sterile one (further negative control) were placed into an incubator overnight

(12-16 h) at 37 °C.

2.17.6 Inoculated agar plates & liquid bacterial cultures

The agar plates were checked 12-16 h after inoculation for bacterial colonies. The two
negative controls (pure agar plate and bacteria transformed with H>O) did not show any, the
agar plates with an insert — vector ratio of 3:1 showed the most (both XL.10-Gold and TOP10
cells). 22 colonies were chosen and transferred to a backup agar plate (“Master plate”). The
same colonies were taken to set up liquid bacterial cultures by inoculating 2 ml of LB medium
supplied with 50 pug / ml ampicillin as a selection marker. The liquid cultures were incubated
for 16 h in a rotating incubator at 37 °C and 180 rpm. Those colonies that gave a positive
signal in the colony PCR (2.17.7) were collected, negative colonies were discarded. After
16 h, 500 ul of the densely grown bacterial cultures was properly mixed with 700 ul sterile
glycerol in a 1.5 ml cryoconservation tube and stored in an ultra-deep freezer at -80 °C.
500 ul of the bacterial culture was taken as a starter for the inoculation of 100 ml LB medium
supplied with 50 pug /ml ampicillin. 16 h after inoculation, the pMIR-REPORT construct was
extracted by using the QIAGEN Plasmid Maxi Kit (Table 2.10) according to the

manufacturer’s protocol.

2.17.7 Colony PCR on selected bacterial colonies

The colony PCR is a favorable and time-efficient method to verify and validate the ligation
and transformation process. A PCR reaction with a colony as a template that contains the
cloned fragment (“positive colonies”) would show the expected band size on the agarose gel.
Negative colonies will either show no fragment or a fragment of aberrant size. The

22 colonies from the backup plate (2.17.6) were used as templates for the PCR reactions. The
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expected fragment size was 915 bp (287 bp from the vector sequence plus 628 bp from the
NR3C1 3’-UTR fragment). Two negative controls were used, the empty pMIR-REPORT
DNA and H,O. The templates were added to the previously created PCR master mix.

Colony PCR on pMIR-REPORT NR3C/ 3’-UTR transformed bacteria

bacterial colony as template selected with a pipette tip
10 pmol primer “Seq_pMIR_REPORT_for_TK”

10 pmol primer “Seq_pMIR_REPORT _rev_TK”

0.2 mM dNTPs

5 ul HF — buffer

1 U Phusion Tag Polymerase

filled up with H,O until 50 pl

PCR conditions: 2 min at 94 °C for initial denaturation followed by 25 cycles (30 s at 94 °C,

30 s at 56 °C, 30 s at 72 °C) and a final extension step for 5 min at 72 °C.

PCR products were separated on a 1.5 % agarose gel at 140 V for 1.5 h.

2.17.8 Quantification of immunoblot signals

The films were scanned and optical density of each band was evaluated using the Image J
Software (Image J Gel Analysis method). Optical density of each band was divided by the

respective a-tubulin band (relative optical density ratio).

2.18 Investigation of C150rf53 in BD and SCZD10 patients

A fine-mapping on seven families segregating SCZD10 by Savira Ekawardhani revealed a
segregating genomic area on chromosome 15q14-15.1 (Ekawardhani, 2008). Two genome-
wide association studies by Ferreira and colleagues (Ferreira et al., 2008) and Smith and
colleagues (Smith et al., 2009) identified independently from each other an association signal

amongst others on chromosome 15q14 in the gene Cl50rf53. The segregating region in our
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seven SCZD10 multiplex families contains four genes (SPREDI, FAM98B, RASGRPI and
Cl50rf53), whereof Cl50rf53 and SPREDI were further investigated. Results of the
investigation on SPREDI were explicitly described in the dissertation of Savira Ekawardhani
(Ekawardhani, 2008). In this study, we investigated 203 BD-affected individuals,
71 SCZD10-affected individuals and 230 healthy control individuals with no psychiatric
history; additionally, we investigated our seven SCZD10 multiplex families containing

30 SCZD10-affected family members (Figure 2.2).

2.18.1 Mutational analysis of C150rf53

Primers encompassing the proximal promoter region, 5’-UTR, coding regions and intron-exon
boundaries of C150rf53 were used for genomic DNA amplification. Two affected members
from family 11 (F11, 7 SCZDI10-affected in total) and one from family 9 (F9, 5 SCZD10-
affected in total) were used for further mutational analysis of SPREDI (Ekawardhani, 2008).
For mutational analysis of C150rf53, seven patients (one from each SCZD10-affected family)
were examined. For mutational analysis of SPREDI and Cl50rf53, a 50 ul PCR reaction
containing 100 ng of SCZD10 affected patient’s genomic DNA, 10 pmol gene specific
primers, 200 uM dNTPs, 0.75 to 1.5 mM MgCl, 50 mM KCI, 10 mM Tris-HCI (pH 8.3 at
25 °C), 0.0025 mg/ml BSA, 0.25 % Tween-20 and 1 U of Taqg Polymerase was conducted.
Amplicons were separated on a 2 % agarose gel, purified using a gel purification kit and
directly sequenced. Sequencing reactions were performed for both DNA strands with the
sequencing primers (2.11.3) using the CEQ DTCS Quick Start Kit according to the
manufacturer’s protocol and analyzed using the ChromasLite program and the reference

sequence from the Ensembl genome browser.

2.18.2 Genotyping of C150rf53 in SCZD10 and BD individual samples and SCZD10
families

For genotyping, we chose three SNPs in Cl50rf53, namely rs7171233, rs7165988 and
rs2172835. PCR reactions of the genomic regions encompassing these SNPs were carried out
in a total volume of 50 ul with 100 ng of genomic DNA, 10 pmol of each primer, 200 uM
dNTPs, 2.0 or 2.5 mM MgCl, 50 mM KCI, 10 mM Tris-HCI (pH 8.3 at 25 °C), 0.0025 mg/ml
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BSA, 0.25 % Tween-20 and 2.5 U Taq Polymerase and 5 % (v/v) dimethylsulfoxide (DMSO).
All PCR reactions were performed in a Multigene-Thermocyler TC9600. Conditions for PCR
reactions were: 5 min at 94 C followed by 40 cycles (45 s at 94 °C, 45 s at 56 °C or 58 °C,
45 s at 72 °C) and a final extension for 7 min at 72 °C. PCR products were separated and
visualized on a 1.5 % agarose gel. The subsequent genotypes of the SNPs rs7171233 and
rs7165988 were determined by restriction digestion with Rsal and those of SNP rs2172835
with Hinlll, all incubated at 37 °C for 4 h. Restriction products were separated and visualized

on 2 % agarose gels.

2.18.3 Case-control association analysis of C150rf53 with BD and SCZD10

Linkage disequilibrium (LD) among the previously described SNPs was determined and
haplotypes were estimated using Haploview Version 4.2, (Barrett et al., 2005) (2.14.2). Only
haplotypes with a frequency above two percent were included in the analysis. We tested the
haplotypes for association in a case-control design for the following groups: a) BD-affected
(203 subjects) versus controls (230 subjects), b) SCZDI10-affected (71 subjects) versus
controls, ¢) pooled sample of BD and SCZD10-affected (274 subjects) versus controls.

2.18.4 C150rf53 gene expression analysis in human post-mortem brain tissue and
leukocyte subpopulations

For cDNA synthesis, total RNA was isolated from human post-mortem limbic brain tissues of
six patients (2.7). Furthermore, total RNA was isolated from CD4", CD8*, CD14*, CD19"
positive cells and peripheral blood mononuclear cells (PBMCs) derived from fresh blood of
one healthy donor. The cDNA from post-mortem Thai brain regions and 40 cell lines was
given as a courtesy by Claude P. Muller and Jonathan D. Turner from the Laboratoire
National de Santé, Luxembourg-City, Luxembourg. MACS MicroBeads Kits were used for
the enrichment of the appropriate leukocyte subpopulations. Total RNA was purified with the
High Pure RNA Isolation Kit by following the manufacturer’s instructions. The cDNA was
synthesized using the iScript cDNA synthesis kit. Both, total RNA isolation and cDNA

synthesis were accomplished according to the manufacturers’ protocols. Quantitative PCRs
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(qPCR) on Cl50rf53 with exon-spanning primers (Table 2.7) were performed in duplicates;
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) expression was measured and
included as an internal control. The qPCR reactions were conducted in a total volume of 25 ul
containing 50 mM KCI, 200 mM dNTPs, 20 mM Tris-HCI (pH 8.3 at 25 °C), 2.5 U Platinum
Taq Polymerase and 1x concentrated SYBR green 1. The thermal cycling was carried out in a
DNA Engine Opticon 2. The cycling conditions for C/50rf53 were as follows: 2 min at 95 °C
followed by 44 cycles (20 s at 95 °C, 25 s at 71 °C, 20 s at 72 °C); for GAPDH: 2 min at
95 °C followed by 44 cycles (20 s at 95 °C, 25 s at 60 °C, 20 s at 72 °C). The qPCR products
were separated and visualized on a 2 % agarose gel. The amplified fragments were directly

sequenced and confirmed.

2.19 Association study of the human oxytocin receptor (OXTR) with ASD

We investigated 203 children diagnosed with ASD and 356 parents without any psychiatric
history. Five SNPs located in OXTR (rs237897, rs237889, rs2254298, rs2268494 and
rs4686302) were genotyped. All of these SNPs except rs4686302 are located in the non-
coding genomic area (Intron 3) of OXTR. The SNP rs4686302 is located in the coding
genomic area (Exon 3) and leads to a non-synonymous amino acid exchange (Ala218Thr).
The genotyping process consisted of two steps: The first step was the amplification of the
genomic region encompassing the SNPs. The second step was the SNP analysis, a process
that is based on the principles of the dye-terminator sequencing. The association analysis was
performed by Christine M. Freitag and colleagues from the Department of Child and
Adolescent Psychiatry, Saarland University Hospital, Homburg, Germany and at the
Department of Child and Adolescent Psychiatry, Psychosomatics and Psychotherapy, Johann
Wolfgang von Goethe University, Frankfurt/Main, Germany.

2.19.1 PCRs of SNP-encompassing genomic regions in OXTR

Three different PCR reactions were carried out to amplify the genomic regions containing the

SNPs. All PCR reactions were performed in a total volume of 25 ul with 0.2 mM dNTPs,
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1 U Taq Polymerase and 100 ng genomic DNA. As a negative control, HO was used. The
PCR products were separated on a 1.5% agarose gel for 1.5 h.

PCR 1 (rs237889 — rs2254298 — rs2268494)

e 3 mM MgCl,
¢ | pmol primer “hsOXTR 4 SNPs Intron 3 for*
e | pmol primer “hsOXTR 4 SNPs Intron 3 rev”

Cycling program: 5 min at 94 °C for initial denaturation followed by 40 cycles (30 s at 94 °C,
30 s at 67.5 °C, 30 s at 72 °C) and a final extension step for 10 min at 72 °C. The PCR

product had a size of 840 bp.

PCR 2 (rs4686302)

e | mM MgCl,
e 7.5 pmol “hsOXTR rs4686302 ns Exon 3 for”
e 7.5 pmol “hsOXTR rs4686302 ns Exon 3 rev”

Cycling program: 5 min at 94 °C for initial denaturation followed by 35 cycles (30 s at 94 °C,
30 s at 63.2 °C, 30 s at 72 °C) and a final extension step for 10 min at 72 °C. The PCR

product had a size of 199 bp.

PCR 3 (rs237897)

e 1 mM MgCl,
e 7.5 pmol primer “hsOXTR rs237897 Intron 3 nfor*
e 7.5 pmol primer ,,hsOXTR rs237897 Intron 3 nrev*

Cycling program: 5 min at 94 °C for initial denaturation followed by 35 cycles (30 s at 94 °C,
30 s at 59 °C, 30 s at 72 °C) and a final extension step for 10 min at 72 °C. The PCR product
had a size of 191 bp.
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2.19.2 Exo-SAP-procedure

The PCR products were purified for further analysis. Remaining dNTPs and oligonuleotides,
which appear as cloud-like structures on agarose gels, would have disturbed the subsequent
SNP reaction. This was achieved by treatment of the samples with Exonuclease I (Exo) and
shrimp alkaline phosphatase (SAP). Exo I degrades single-stranded DNA (oligonucleotides).
SAP dephosphorylates the 5°- ends of nucleotides (ANTPs). The PCR products were pooled
for the Exo-SAP-procedure.

Exo-SAP-Mastermix for 10 samples Exo-SAP and PCR products mix
e (.5 ul Exonuclease I (20 U / ul) 3.25 ul PCR product of PCR 1
o SulSAP (1 U/ul 4 ul PCR product of PCR 2
e 445 ul H,O 4 ul PCR product of PCR 3

5 ul of Exo-SAP-Mastermix

Thermocycling conditions: samples were incubated for 60 min at 37 °C followed by a heat

inactivation process of 15 min at 80 °C.

The quality of the Exo-SAP-procedure was checked by separation of 2 ul of each sample on a
1.5 % agarose gel for 1.5 h.

2.19.3 Single base extension procedure (‘“SNP reaction’)

The Exo-SAP and quality-checked samples were taken for single base extension reaction. In a

PCR-like reaction, the DNA is heat-denatured and unlabeled interrogation primers hybridize

to the template. The interrogation primers hybridize exactly up to one base prior to the SNP

position (Figure 2.7).
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Figure 2.7: Workflow of the single-base extension procedure. The genomic region of interest is amplified via
qualitative PCR. The interrogation primers (differing from one another in length) hybridize to their specific
target. The SNPStart Kit contains the DNA-Polymerase and the fluorescent dye labeled terminators (asterisks),
which are integrated at the 3’— end of the interrogation primer according to the template. In downstream analysis,
the single SNPs can be distinguished due to their specific size and dyes (peaks). (BeckmanCoulter, Brea, USA).

The interrogation primers were extended with exactly one base according to the SNP that is

encoded on the template by fluorescent dye-labeled terminators (ddNTPs). The different

primers were supplied with an adenine stretch at their 3’- end to enable multiplex detection

and reaction (2.11.2). The interrogation primers for the different SNPs were pooled prior to

use.

Single base reaction

o 1 pl of Exo-SAP-treated PCR product mix
. 1 ul interrogation primer pool (1 pmol each)
. 2 ul SNP Start Master Mix

L4 6 Ml H,O

Thermocycling conditions: samples were incubated for 10 s at 94 °C and for 20 s at 60 °C. In

total, 27 cycles were accomplished.
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2.19.4 Purification of the single base reaction products with SAP
The reaction products were treated with SAP to dephosporylate the 5’- ends of the remaining

dye labeled terminators to prevent interference in downstream analysis. Prior to use, a

SAP-Mastermix was created.

SAP-Mastermix for 10 samples

. 2.5 ul SAP
. 13 ul SAP buffer
o 14.5 u1 H,O

From this mastermix, 3 ul was added to each single sample.

Thermocycling conditions: samples were incubated for 45 min at 37 °C followed by a heat

inactivation process of 15 min at 65 °C.

2.19.5 SNP detection with the CEQ 8000

For SNP detection, the purified samples had to be mixed with a size standard and sample

loading solution (SLS) and a drop of mineral oil to prevent evaporation.

Mix for SNP detection

o 1.5 pul of SNP reaction product
. 0.5 pl of size standard 80

. 38 ul of SLS

° 1 drop of mineral oil

The “SNP-1" program of the Beckman CEQ 8000 operating software was used for SNP
detection. For 96 samples, the SNP detection process took about 8 h. The raw data was
processed with the operating software and SNPs with ambiguous results were manually

checked. For further statistical processing, the genotypes were transferred to an Excel file.
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2.20 Statistics

2.20.1 Haploview 4.2

Haploview is a software that enables association analyses including visualization (LD plots)
of genetic markers such as SNPs in studies designed as either a transmission-disequilibrium-
test (TDT) or case-control study (Barrett et al., 2005). This software mandatory needs
complete trios consisting of both parents and the affected child for association tests. In
statistical terms, Haploview applies the McNemar-Test (McNemar, 1947) for paired samples,
where differences of observed and expected frequencies (e.g. alleles) are calculated by
¥ statistics. The 95 % quantile of the y* distribution with one degree of freedom is 3.84. If the
level of significance is set to 5 %, an association is achieved once the value surpasses 3.84.
For the association analysis of Cl50rf53 (2.18.3), the parameters were set to “case-control
data” and “standard TDT”. The other parameters were left on their default settings.
Haplotypes with an abundance of less than 2 % were excluded. Haploview depicts the
haplotype frequencies within the complete investigated sample in percent (haplotype
frequencies) as well as the distribution of the haplotype among cases and controls
(frequencies cases, controls). The LD plot outputs were set to show the correlation coefficient

values between the single genetic markers (rz) or the D prime (D’).

2.20.2 UNPHASED

The software UNPHASED works similar to Haploview. The main difference is its ability to
use incomplete trios (Dudbridge, 2008). The missing genotypes are simulated, based on the
estimated ones, to have complete trios available for association testing. The statistical
procedure of UNPHASED is the so-called Likelihood ratio, which results from the difference
of the Log-Likelihoods of null and alternative hypothesis multiplied by minus two. The

interpretation of the results is analogous to those of Haploview.
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2.20.3 One way analysis of variance (one way ANOVA)

The one way ANOV A was applied as the appropriate statistical procedure to compare the

means of the samples derived from cell culture experiments (3.2.4).
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3 Results

3.1 Cl50rf53 as a candidate gene for the etiology of BD and SCZD10

Previous studies in our department confined a region on chromosome 15q14-15.1 in the
multiplex families segregating SCZD10 (Ekawardhani, 2008). A GWAS on BD with
4,387 cases and 6,209 controls identified a strong association in an area containing only four
genes (SPREDI1, FAM98B, RASGRP1 and Cl50rf53). On chromosome 15ql14, the highest
association signal was detected in C150rf53 (rs2172835,p =7.5x 10'7) (Ferreira et al., 2008).
Smith and colleagues confirmed this finding in their GWAS on European American and
African American individuals (Smith et al., 2009). These findings initiated our interest to
fathom this gene within our SCZD10 multiplex families as well as the non-related BD and
SCZD10 individual samples, in order to elucidate a potential contribution to the etiology of

BD and SCZD10.

3.1.1 Mutational analysis of C150rf53

From each of the seven multiplex SCZD10 families, one affected individual was taken for
mutational analysis (experimental work accomplished by Ulrike Schuelter). No mutations in
exons or splice donor and acceptor sites were found. Only SNPs that were already annotated
in the Ensembl database (release 56, May 2009) were found during sequencing, among those
the promoter SNP rs7171233 (T/A), the SNP in Exon 1, rs7165988 (T/A) and the SNP in
Intron 1, rs2172835 (C/T), which yielded in two different haplotypes; these SNPs were taken

for a segregation analysis in our seven SCZD10 families.

3.1.2 Segregation analysis of C150rf53 haplotypes in multiplex SCZD10 families

The genotyping of the three SNPs, rs7171233 (T/A), rs7165988 (C/G) and rs2172835 (C/T)

in our candidate gene C/50rf53 in multiplex family members with SCZDI10 revealed two
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haplotypes, T-C-C and A-G-T, while no other haplotypes were observed (experimental work
accomplished by Michelle Lin and Hans Bauer) (Table 3.1).

Table 3.1: Segregation analysis in SCZD10-affected large families. Within the SCZD10-affected members of all
investigated families, the common haplotype (T-C-C) segregated in three (F13, F19, F24), the rare haplotype
(A-G-T) in four (F5, F9, F11, F17) of the families.

segregating haplotype in

* non-affected / SCZD10 affected
Family affected individuals
F5 1/4 A-G-T
F9 8/5 A-G-T
F11 14/7 A-G-T
F17 6/4 A-G-T
F13 3/3 T-C-C
F19 2/3 T-C-C
F24 7/4 T-C-C

* All mentioned individuals (non-affected / affected) were
available at the date of DNA sampling

The common haplotype T-C-C co-segregated in three families (F13, F19, F24) with SCZDI10.
The rare haplotype A-G-T segregated in the other four families (F5, F9, F11 and F17).

3.1.3 Case-control association analysis and LD of C150rf53 in BD and SCZD10
samples

The three investigated SNPs, rs7171233 (T/A), rs7165988 (C/G) and rs2172835 (C/T) that

were previously identified by segregation analysis in our SCZD10 pedigrees, were in high LD

in each investigated cohort (BD & SCZD10 patients) and the combined samples (Figure 3.1).
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a) LD BD vs. Controls b) LD SCZDI0 vs. Controls ¢) LD Combined vs. Controls

Il | L | [l |
[ == w [l © v [ -3 w
bl == [ o @ [ bl == [l
~N (=23 - ~N =] - ~N (=23 -
A= "2 N - w ~N - [z ~N
N~ = = ~ = =] ~ o @
- - - - - - - - -
~ ~ ~N s N~ N ~ ~ N
w w [ o w 14 w w [
- - - - {4 - 4 - -

Block 1 (1 kh) Block 1 (1 kb) Block 1 (1 kh)

1 2 1 2 1 7

Figure 3.1: Linkage disequilibrium (LD) between investigated loci in the a) BD, b) SCZD10 and ¢) combined
sample vs. control sample. In all three samples, the SNPs were in high LD to each other (r* values depicted).

Within all three cohorts, the common haplotype T-C-C was prevalent with more than 61 %
and the rare haplotype A-G-T showed a prevalence of about 32 % (Table 3.2). The T variant
of rs7171233 and the C variants of rs7165988 and rs2172835 represent the major alleles
according to the most recent HapMap-CEU data (HapMap Public Release #28, August 2010).
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Table 3.2: Segregating haplotypes of Cl50rf53 in case-control samples. Among all investigated samples, the
haplotype frequency was very similar. Both haplotypes showed a similar distribution within the BD and
SCZD10 samples and the combination of both. None of them was associated with BD or SCZD10. Haplotypes
with an abundance of less than 2 % are not depicted.

(a) BD versus controls

Haplotype
Haplotypes  frequencies Frequencies Cases, Controls Chi Square p-value

Block 1
T-C-C 0.640 268.0 : 134.0, 288.0 : 172.0 1.546 0.2137
A-G-T 0.329 124.9 : 277.1, 158.9 : 301.1 1.164 0.2806

(b) SCZD10 versus controls

Haplotype
Haplotypes  frequencies Frequencies Cases, Controls Chi Square p-value

Block 1
T-C-C 0.614 82.0: 60.0, 287.9 : 172.1 1.077 0.2993
A-G-T 0.350 52.0 :90.0, 158.9 : 301.1 0.206 0.6502

(c) Combined samples versus controls

Haplotype
Haplotypes  frequencies Frequencies Cases, Controls Chi Square p-value

Block 1
T-C-C 0.633 349.0 : 195.0, 286.9 : 173.1 0.337 0.5616
A-G-T 0.334 176.9 : 367.1, 158.9 : 301.1 0.456 0.4997

We tested Cl50rf53 haplotypes for association in 203 patients diagnosed with BD and
71 patients diagnosed with SCZD10 and the pooled SCZDI10 and BD samples (n = 274)
versus 230 controls without any psychiatric history. None of the haplotypes showed
significant association. No deviation from Hardy-Weinberg-Equilibrium was found for any of
the three variants in the patients groups or in the control group. None of the single markers

showed significant association with BD, SCZD10 or the combination of both phenotypes.
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3.1.4 Cl150rf53 is expressed in human immune cell lines but not in CNS-derived cell
lines and human post-mortem brain tissues.

Since hardly any information was available about C150rf53, gene expression analyses were
accomplished on cDNA derived from human immune and CNS-derived cell lines as well as

human post-mortem brain tissues (Figure 3.2).
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Figure 3.2: Cl150rf53 gene expression analysis in 40 human cell lines and 25 human post-mortem brain areas.
The PCR products were derived from a quantitative PCR reaction; 10 ul of each sample were loaded on a 2 %
agarose gel. The following samples showed C150rf53 gene expression (product size: 293 bp, from left to right):
Jurkat, HEL, TF-1, HSB-2, KG-1, TT830-845, KGI (2) and the positive controls (total human reference cDNA:
43-45). None of the human post-mortem brain samples (50-75) showed C150rf53 gene expression. The negative
controls (H,O: 47, 48 and 76) did not give any signal. Top: running sample numbers. Bottom: sample iden-
tification.

Cl50rf53 expression occurred exclusively in cell lines that are involved in erythropoiesis and
derived from the immune system. None of the other cell lines showed any expression of

Cl50rf53. Only one of the Jurkat samples (2, 8) revealed Cl50rf53 gene expression (2).
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Taken into account that all the other immune-cell derived cell lines revealed Cl50rf53 gene
expression, the most likely explanation for the lack of signal is a technical mistake. From the
four positive controls (total human reference cDNA), three were Cl50rf53-positive
(43, 44, 45) and one was not (42). As previously described, a technical mistake is the most
probable explanation for the lack of signal in sample 42. All negative controls (H,O)
confirmed the accuracy of the PCR reaction (47, 48 and 76). All investigated samples

expressing C150rf53 additionally show by-products at lower sizes on the agarose gel.

A further experiment was conducted to replicate these findings of Cl50rf53-positive cell
lines. Furthermore, CNS-derived cell lines (SK-N-SH and U373MG) and human post-mortem
limbic brain tissues from six Caucasian donors, free of CNS diseases and without any history

of long-term psychotropic medication, were tested for C150rf53 gene expression.
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200— — 200 HELAS3 and HL60, Cl50rf53 gene expression could be confirmed.
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Eight of the ten investigated cell lines showed expression of C150rf53. The cell lines HEL,
TF-1, KG 1 (two samples) and TT830-845 gave the highest signals on the agarose gel. Jurkat
and HSB-2 showed a faint signal and HELA S3, HL60, U373MG and SK-N-SH did not
reveal any Cl50rf53 gene expression. The results from the immune cell lines in this

experiment match with the previous ones. The HELA S3 sample was tested once again
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because in the previous experiment, an ambiguous single band of about 200 to 250 bp
(Figure 3.2: 20) occurred. In the present experiment, HELA S3 did not show C150rf53 gene
expression (Figure 3.3: 7) once again. The cDNA of the cell lines U373MG and SK-N-SH
were tested to check, if C150rf53 is expressed in CNS-derived tissues. Both cell lines did not
express Cl50rf53 (10, 11). From the four positive controls (total human reference cDNA:
13-16), only the first (13) yielded a C150rf53-positive signal. The fourth positive control (16)
resulted in an ambiguous signal due to its lower size than expected. None of the human post-
mortem limbic brain samples (20-42) showed any expression of Cl50rf53. One cingulate
gyrus sample (38) yielded a by-product of 150 bp. The negative control (H,O: 18) did not

give any signal, which confirmed the accuracy of the PCR reactions.

3.1.5 Cl150rf53 is not expressed in PBMCs of day profile blood and TSST samples.

Previous experiments have demonstrated that C/50rf53 gene expression is detectable in
various human immune cell lines. In a further experiment, we drew 1 ml of whole blood each
15 min from one subject, starting at 07:45 a.m. and ending at 04:00 p.m. (36 samples). In
addition, 1 ml of whole blood samples from one subject that had undergone the Trier Social
Stress Test (TSST) were collected (14 samples). PBMCs were isolated from all collected
samples and tested for Cl50rf53 gene expression. The hypothesis should be tested, if

Cl50rf53 gene expression changes over time in PBCMs.
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Figure 3.4: No gene expression of C/50rf53 in PBMCs of day profile and TSST blood samples. None of the day
profile samples showed any CI50rf53 expression; the blood samples were drawn each 15 min (1-36). Prior to
TSST start, one baseline blood sample was drawn (37) followed by further blood samples that had been collected
at the indicated times after TSST start (38-50). The positive controls (total human reference cDNA: 52, 53)
revealed C150rf53 gene expression. The negative control (H,O: 55, 56) samples did not give any signals.

Cl50rf53 was not expressed in any of the investigated samples with exception of the positive
controls (total human reference cDNA: 52, 53). The negative controls (H,O: 55, 56)
confirmed the accuracy of the PCR reaction. Previous successful experiments with the day
profile and the TSST samples had confirmed the cDNA integrity (John D. Turner, personal
communication). Possibly, the gene expression of Cl50rf53 in PBMCs was extremely low
and the low-abundant transcripts could not be isolated successfully. The hypothesis for the
next experiment was to investigate, whether an increase of the amount of leukocyte

subpopulations cDNA leads to the detection of C150rf53 gene expression.

3.1.6 Human leukocyte subpopulations express C150rf53

In the subsequent experiment, 10 ml whole blood of one donor instead of just 1 ml was drawn
to increase the total amount of leukocytes and thus the chance of detecting CI150rf53 gene
expression. PBMCs, CD4", CD8*, CD14" and CD19" positive cells were isolated. From each
of the leukocyte subpopulations, total RNA was isolated and converted into cDNA. The
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cDNA of the subpopulations were tested for gene expression of C150rf53, together with five
human post-mortem limbic brain tissues. GAPDH gene expression was additionally tested for

each of the leukocyte subpopulations and brain tissues (Figure 3.5).

300 bp
CI50rf53

GAPDH
200 bp

Figure 3.5: C150rf53 gene expression pattern in cDNAs of leukocyte subpopulations and human post-mortem
limbic brain tissues. 10 pl of each PCR sample was separated on a 2 % agarose gel. Cl50rf53 (293 bp) was
expressed in PBMCs (1), CD4" (2) and CD14" (4) cells and the positive control (11). The negative control
(H,0, 12) did neither show expression of Cl50rf53 nor GAPDH (226 bp). None of the human post-mortem
limbic brain tissues expressed CI50rf53. All samples with exception of the negative control expressed GAPDH,
which confirmed cDNA integrity (1-11).

GAPDH expression could be confirmed for all of the investigated samples with exception of
the negative control (1-11). Gene expression of C150rf53 could be shown for the PBMCs (1),
CD4" (T helper cells, 2) and CD14" (monocytes, 4) positive cells. Even in this experiment,
human post-mortem limbic brain tissue did not reveal gene expression Cl50rf53 (6-10). The
experimental work flow of the gene expression study indicated that C/50rf53 is a gene with a

low expression rate and that it is apparently not expressed in the human CNS.
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3.2 Association analysis of the OXTR gene with ASD

3.2.1 Genotyping of selected OXTR SNPs in parent-child trios diagnosed with ASD

The peptide hormone oxytocin is well known for its role in maintaining the uterine
contractions during childbirth and for the manifestation of social bonding (“trust hormone™)
(Gimpl and Fahrenholz, 2001; Kosfeld et al., 2005). Patients diagnosed with ASD are
impaired in their social abilities; hence the hormone oxytocin and its receptor (OXTR) have

attracted notice for intense investigation (Jacob et al., 2007; Bartz and Hollander, 2008).
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Figure 3.6: Schematic overview of OXTR and the location of the five investigated SNPs. Light blue shaded:
exons. Red: coding region. Blank: introns

In this study, the four SNPs rs237889 (G/A), 152254298 (G/A), 152268494 (T/A),
rs237897 (G/A), which are all located in intron 3 and the non-synonymous coding SNP
154686302 (C/T) of the OXTR, leading to an exchange of the amino acid Alanine to Threonine
at position 218 (Ala218Thr), were genotyped in our parent offspring trios with ASD-affected
children and tested for association (Figure 3.6). A transmission disequilibrium test (TDT) was

performed with Haploview 4.2 and UNPHASED.
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3.2.2 Association testing with Haploview 4.2, single marker check (all trios)

All available genotyped data was considered for association testing with ASD. At first, the

single genotyped markers were quality-checked (Table 3.3).

Table 3.3: Haploview output file on marker check (all trios)

# Name Position | ObsHET | PredHET | HWpval | % Geno | FamTrio | MendErr | MAF | Alleles
1 |rs2268494 | 8.802.046 | 0.132 0.128 1.0 98.1 132 0 0.069| A:T
2 |rs2254298 | 8.802.228 [ 0.198 0.21 0.3969 100 136 0 0.119| CT
3 rs237889 | 8.802.483| 0.450 0.447 1.0 99.4 135 0 0.337| G:A
4 | rs237897 | 8.808.285| 0.443 0.45 0.8234 99.3 135 0 0.342| CT
5 |rs4686302|8.809.222| 0.208 0.215 0.6562 91.4 124 0 0.123| G:A

ﬁthEn"l;i:n(;l;s;rlgslft:::;rsjz}%osity, PredHET: predicted heterozygosity, HWpal: Hardy-Weinberg p-value, MendErr: Mendelian errors,
The very first column displays the running number, the second the marker name, the
following three columns contain the calculation of the allele frequencies of the respective
marker alleles with regard to their deviation from the Hardy-Weinberg equilibrium (HWpval).
It was tested, if the observed frequency of the heterozygous genotype (ObsHET) significantly
deviated from the expected (PredHET). All markers fulfilled the criteria for the Hardy-
Weinberg equilibrium (p < 0.001). More than 98 % of the patients were successfully
genotyped for four of the tested markers (%Geno). The marker rs4686302 was genotyped in
91 % of the samples. The column “FamTrio” displays the amount of families that were
included into the calculation. Differences between these numbers within the single markers
were correlated to the success of genotyping. The minimum amount of trios considered for
calculation was 124, the maximum 136. This difference was due to the incompleteness of
some trios meaning missing genotyping data. The level of minimum genotypes for calculation
was set to a stringent level of 75 %. The column “MendErr” did not show any genotyping
errors. The following column with minor allele frequencies depicted the existence of the
minor alleles in the investigated sample as a decimal fraction. The minor allele of
1$2268494 (T) was just present in about 7 % of the investigated ASD patients, limiting the
explanatory power. Similar conclusions could be drawn for the markers rs2254298 and
rs4686302; their minor allele frequencies (MAF) were also low with an abundance of 12 %

and 13 %, respectively.
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3.2.3 Standard TDT in Haploview 4.2 (all trios)

Subsequent to the marker test, the TDT for single markers was performed (Table 3.4).

Table 3.4: Association of single OXTR markers with ASD (all trios)

# Name Overtransmitted T:U HapMap CEU freq Chi Square p-value
1| rs2268494 A 22:12 0.948 2.941 0.0863
2| 152254298 C 28:22 0.932 0.72 0.3961
3 15237889 A 66:50 0.372 2.207 0.1374
4 1s237897 T 58:54 0.386 0.143 0.7055
5| rs4686302 A 29:25 0.106 0.296 0.5862
T:U: Transmitted versus Untransmitted, HapMap CEU freq: Allele frequencies from HapMap CEU sample

The column “Overtransmitted” contained the allele that had been transmitted more often from
the heterozygous parents to the ASD-affected child. Notably, only the marker rs2254298
revealed an overtransmission of the common allele (C = 0.932). The other four markers
showed an overtransmission of their minor alleles from the parents to their children. The Chi
square test statistics were calculated with one degree of freedom (df) because there were only
two options, either the one or the other allele. A Chi square value of 3.84 corresponded to the
95™ quantile of the distribution; the probability was 5 % that the alternative hypothesis (H,)
was accepted although the null hypothesis (Hp) had been valid. The values in Table 3.4 did
not fulfill the statistical criteria for significance. Solely rs2268494 with a Chi square value of

2.941 and p = 0.0863 approximated the level of statistical significance.
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3.2.4 LD of OXTR SNPs and haplotypes in Haploview 4.2 (all trios)

The LD and haplotypes of the five investigated OXTR SNPs were calculated (Figure 3.7).

rs2268494
rs2254298
1237889 /
1$237897
rs4686302

Block 1 {0 kb)
4 5

Figure 3.7: LD plot of five OXTR SNPs (all trios). The numbers within the squares display the LD (D’). The
higher the values, the higher the LD. The colors represent the degree of the LD, red: high LD, white: low LD.
Blue: high LD, but low LOD score, no number: D’ = 100. The SNPs rs237897 and rs4686302 were considered
as one LD block (black frame).

The SNPs rs2268494 and rs2254298 were in high LD but as the LOD score was low
(LOD <2), the validity of this result was low as well. The LD between the markers rs2254298
and rs237889 was high (D’ = 91, red), similar to the LD between the markers rs2268494 and
15237889 (D’ = 89, red). The highest LD over a distance of seven kilobases could be observed
between the SNPs rs2254298 and rs4686302 (D’ = 100, red). The SNPs rs237897 and
rs4686302 revealed a similar effect: a high LD and a high LOD-score (D’ = 100, red). In
addition, these two markers are just located in a distance of 1 kb from each other in the
genome. In the investigated sample with the occurring genotypes, Haploview 4.2 defined
these two markers as one haplotype block. The LD correlated with the genetic distance: the
higher the distance, the lower the LD. The only exception was built by the markers rs2254298
and rs4686302. They were in complete LD, whereas the SNPs rs237889 and rs237897 with a

smaller genetic distance were in lower LD (D’ = 31, rose).
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3.2.5 TDT calculation with UNPHASED: allele main effects (all trios)

The genotyped data of the parents-offspring trios were additionally calculated with
UNPHASED. The main difference between Haploview and UNPHASED is the ability of
UNPHASED to calculate datasets even from incomplete trios and genotypes (missing father
or mother). The missing data are simulated on the basis of existing ones. Hence, the results
from UNPHASED are more valid and concomitantly, the information density is higher in
comparison to datasets calculated by Haploview. UNPHASED calculates the likelihood ratio,
which results from the difference of the log-likelihoods of null and alternative hypothesis
multiplied by minus two. Equivalently to Haploview, also the data generated by UNPHASED

follow a Chi square distribution and can be interpreted analogously.

The results from the calculation by UNPHASED comprising all trios are subsequently
displayed (Table 3.5).

Table 3.5: Marginal allele frequency calculation by UNPHASED (all trios)

Likeli-
Marker | Allele| J2PMaP | 4ol Untrans | 1 U- | Nulllog-| AltLog-| o chi | P
CEU freq Freq | Freq likeli likeli value
square
A 0.948 243 243 10.9492 | 0.9067
1s2268494 -134.217 | -132.724 | 2.9851 |0.0840
T 0.052 13 25 0.0507 | 0.0932
C 0.932 241 246 1 0.8993 | 0.8786
1s2254298 -190.005 | -189.644 | 0.7217 | 0.3955
T 0.068 27 34 0.1007 [ 0.1214
A 0.372 98 89 0.3712 | 0.3225
rs237889 -340.742 | -339.635 | 2.2139 |0.1367
G 0.628 166 187 |0.6288 | 0.6775
C 0.614 179 193  [0.6533 | 0.6748
rs237897 -349.047 | -348.895 | 0.3052 | 0.5806
T 0.386 95 93 0.3467 | 0.3252
A 0.106 35 31 0.1389 [ 0.1192
rs4686302 -193.99 |-193.847 0.2859 |[0.5928
G 0.894 217 229 10.8611 | 0.8808

HapMap CEU freq: allele frequency in HapMap CEU sample, Trans: transmitted allele, Untrans: untransmitted allele, T-Freq: transmission
frequency, U-Freq: untransmission frequency, Null log-likeli: null likelihood, Alt log-likeli: alternative likelihood

The transmission rates of the alleles versus the non-transmission rates from the parents to
their children differed once compared to the data generated with Haploview. This is explained
by the higher number of individuals that UNPHASED used. Instead of 136 trios, 203 were
taken for calculation because UNPHASED simulated the data of the missing individuals.
Even the calculation with UNPHASED revealed that solely the marker rs2268494 showed a
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tendency to statistical significance (x2 = 2.9851, p = 0.0840). The other four markers did not
reach the level of statistical significance. None of the five markers was associated with ASD.
From all markers, the common allele was overtransmitted to the ASD-affected children. The
statistical parameters, the Chi square and the p-values, were almost identical to those
generated by Haploview for the markers rs2268494, rs2254298, rs237889 and rs4686302. The
p-value differences between the UNPHASED and Haploview calculations were lower than
five percent. The p-values for marker rs237897 differed more; the p-value generated by
UNPHASED was 18 % lower than the one from Haploview (Haploview: 0.7055,
UNPHASED: 0.5806). Data generated with both softwares displayed that none of the markers

was associated with ASD.

3.2.6 Allele Effects calculated with UNPHASED (all trios)

The Odds ratios were calculated to check the effect sizes of the alleles on the ASD

phenotypes among the children (Table 3.6).

Table 3.6: Odds ratios of tested alleles in OXTR (all trios)

Marker Allele Odds-R 95 % Low 95 % High
A 1 1 1
152268494
T 0.5455 0.2699 1.102
C 1 1 1
152254298
T 0.7857 0.4495 1.373
G 1 1 1
rs237889
A 1.3199 0.9141 1.9062
C 1 1 1
rs237897
T 1.107 0.7714 1.589
G 1 1 1
rs4686302
A 1.1538 0.6826 1.9508

Odds-R: Odds Ratio of Alleles

The major allele was set as the reference allele, by definition its numerical value is one. The
alleles of the other markers were compared to their reference alleles, respectively. The
markers r$s2268494 and rs2254298 had lower odds ratios; the markers rs237889, rs237897 and
rs4686302 showed increased ones. All results were not significant as already indicated by the
p-values mentioned in Table 3.6, which also explained the high variation of the odds ratio

probability range (95 % Low and 95 % High). The odds ratios display whether the minor
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allele has a protective or risk-increasing quality with regard to the investigated trait. The
extremes of the odds ratios, the T allele of rs2268494 and the A allele of rs237889, can be
interpreted as follows: the T allele of rs2268494 had a protective effect; carriers of this allele
had a 0.54 fold less risk of ASD diagnosis in comparison to the reference allele. The A allele
of rs237889 is a risk allele; carriers had a 1.3 fold increased risk for ASD diagnosis in
comparison to the reference allele. Due to the lack of significance (rs2268494: p = 0.0840;
rs237889: p = 0.1367), the results displayed a large spread, which is reflected by the
confidence intervals. According to these confidence interval values, the minor alleles of both
SNPs could be potentially protective (95 % Low: < 1) or risk-increasing (95 % High > 1).
Also the remaining results did not reach the level of statistical significance and could not be

evaluated properly.

3.2.7 Haplotype main effects calculated with UNPHASED (all trios)

Besides the single marker effects, the haplotype effects were additionally investigated in this
study. Haplotype effects are considered to be more valid than single marker effects because
haplotypes combine the effects of two and more single markers. The Haploview LD block
analysis revealed a block built by rs237897 and rs4686302 (Figure 3.7). In our complete trio
sample, the calculations with UNPHASED resulted in two putative haplotype blocks. The
first haplotype block consisted of combinations of the SNPs rs2268494, rs2254298 and
rs237889 (markers 1-3). The second block was formed by rs237897 and rs4686302
(markers 4-5).
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3.2.8 Haplotype effects of markers rs2268494, rs2254298 and rs237889 (all trios)

The marginal allele frequencies in the all parent-offspring trios were calculated (Table 3.7)

Table 3.7: Marginal allele frequencies for rs2268494, rs2254298 and rs237889 (all trios)

Likeli-
HapMap T- U- | Null log- | Alt log- . . p-
Marker | Allele CEU freq Trans | Untrans Freq | Freq likeli likeli ratio Chi value
square
A 0.948 251 241 0.9508 | 0.9129
rs2268494 -129.062 | -127.569 2.9851 0.0840
T 0.052 13 23 0.0049 | 0.0871
C 0.932 247 242 0.8949 | 0.8768
rs2254298 -194.123 | -193.887 0.4724 10.4919
T 0.068 29 34 0.1051(0.1232
A 0.372 100 84 0.3676 | 0.3088
rs237889 -338.828 | -337.740 2.1761 0.1402
G 0.628 172 188 0.6324 | 0.6912

Trans: transmitted allele, Untrans: untransmitted allele, T-Freq: transmission frequency, U-Freq: untransmission frequency, Null log-likeli:
null likelihood, Alt log-likeli: alternative likelihood

The data in this table indicate that there were hardly any differences of the allele frequencies
of these three markers in comparison to the complete dataset, which is depicted in Table 3.5.
Even in this setting, none of the single markers yielded statistical significance (p < 0.05).
Exclusively the first marker, rs2268494, showed a tendency to statistical significance

(Likeli ratio 3> = 2.9851, p = 0.0840, df = 1).

3.2.9 Allele effects of markers rs2268494, rs2254298 and rs237889 (all trios)

The allele effects of the selected three markers were calculated (Table 3.8).

Table 3.8: Allele effects of rs2268494, rs2254298 and rs237889 (all trios)

marker Allele Odds-R 95 % Low 95 % High

A 1 1 1
rs2268494

T 0.5455 0.2699 1.102

C 1 1 1
rs2254298

T 0.8276 0.4819 1.421

G 1 1 1
rs237889

A 1.3137 0.9124 1.8910

Odds-R: Odds Ratio of Alleles
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The allele effects were not significant; they were comparable to the results shown in
Table 3.6. The minor allele of marker rs2254298 revealed a tendency to be protective
(Odds-R: 0.8276) compared to the minor alleles of the SNPs rs2268494 (Odds Ratio: 1.8331)
and rs237889 (Odds Ratio: 1.3137). The confidence intervals of marker rs22268494 defined a
slight protective (0.9074) and risk-increasing effect (3.7051). Here too, the wide spread of the
confidence values was explained by the low transmission rate of the minor allele
(T-freq: 0.0049). In the next procedure, the different haplotype combinations were tested and

calculated.

3.2.10 Haplotype compositions of markers rs2268494, rs2254298 and rs237889 (all trios)

Subsequently, all haplotype compositions including the haplotype frequencies and main

effects of the three markers (rs2268494, rs2254298 and rs237889) are depicted (Table 3.9).

Table 3.9: Haplotype frequencies of haplotype block rs2268494, rs2254298 and rs237889 (all trios)

T- U- Null log- Altlog- | Likeli-ratio Chi p-

Marker | Haplotype | Trans | Untrans Freq | Freq likeli likeli Square value

A-C 222 208 | 0.8409 | 0.7879
1&2 A-T 29 33 0.1098 | 0.1250 | -314.169 | -312.468 3.3408 0.1882
T-C 13 23 0.0492 | 0.0871

A-A 84.03 | 59.05 |[0.3207 | 0.2254
A-G 165 179.9 |0.6296 | 0.6868
1&3 -425.831 | -422.361 6.9388 0.0739
T-A 11.97 [ 21.95 |0.0456 | 0.0837

T-G 1.034 | 1.055 |0.0039 [ 0.0040

C-A 100 82 0.3676 | 0.3015
C-G 143 157 | 0.5257 | 0.5772
2&3 -511.393 -508.71 5.3667 0.1468
T-A 0 2 0 0.0073

T-G 29 31 0.1066 | 0.1140

A-C-A | 84.04 | 58.06 |0.3208|0.2216
A-C-G 136 148.9 | 0.5189 | 0.5685
A-T-A 0 1 0 0.0038
,2&3 -590.557 | -586.197 8.7195 0.1208
A-T-G 29 31 0.1107 | 0.1183
T-C-A 11.96 [ 21.94 | 0.0456 | 0.0837

T-C-G 1.04 1.065 |0.0039 | 0.0040

1: 1s2268494 (A/T), 2: 152254298 (C/T), 3: 15237889 (G/A)
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The table values are listed according to alphabetic order of the haplotypes. None of the
haplotype calculations fulfilled the criteria for statistical significance. The haplotypes
generated by the combination of the markers one and three, rs2268494 and rs237889,
approximated the criteria for statistical significance (p = 0.0739). The haplotypes with the
highest transmission rates were exclusively composed from major alleles (A-C, A-G, C-G and

A-C-G, displayed in bold, Table 3.9).

Table 3.10: Haplotype effects of rs2268494, rs2254298 and rs237889 (all trios)

Marker Haplotype Odds-R 95 % Low 95 % High
A-C 1 1 1
1&2 A-T 0.8472 0.4908 1.462
T-C 0.5427 0.2685 1.097
A-G 1 1 1
A-A 1.4778 1.0001 2.1834
&3 T-A 0.6476 0.4541 0.9233
T-G 0.8083 0.0712 9.1839
C-G 1 1 1
5 &3 C-A 1.3728 0.0904 2.0032
T-A 0 0 0
T-G 1.0275 0.8143 1.2963
A-C-G 1 1 1
A-C-A 1.5242 1.0180 2.2821
L2&3 A-T-A 0 0 0
A-T-G 1.0463 0.8414 1.3008
T-C-A 0.6575 0.4662 0.9271
T-C-G 0.8166 0.0727 9.1541

1: 152268494 (A/T), 2: 152254298 (C/T), 3: rs237889 (G/A)

The haplotype with the highest transmission rate (“major haplotype”) was set as the reference
value (odds ratios and confidence intervals = 1). None of the haplotype effects fulfilled
criteria for statistical significance, according to the p-values depicted in the previous table.
The haplotype combinations of the markers 1 & 3 (rs2268494 and rs237889) revealed a
tendency to association (p = 0.0739). The haplotype combination, rs2268494 (A) -
rs237889 (A), revealed an increased odds ratio (1.4778). Even the lower limit of the

confidence interval (95 % Low) showed a minimal tendency of this haplotype for being risk-
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contributing (1.0001). The upper limit of the confidence interval (95 % High) also indicated a
risk-increasing value (2.1834). Carriers of the haplotype A-A had a 1.47 fold increased risk
for ASD in our cohort. The haplotypes T-A and T-G, built from the alleles of rs2268494 and
rs237889, both had odds ratios indicating a protective character (Odds-R T-A: 0.6476;
Odds-R T-G: 0.8083). Considering the tendency to association, the confidence values of
haplotype T-A (95 % Low: 0.4541; 95 % High: 0.9233) underlined the protective character of
this haplotype. The odds ratio for haplotype T-G also indicated a protective effect
(Odds-R: 0.8083), but the confidence intervals were more spread (95 % Low: 0.0712;
95 % High: 9.1839) due to the extremely low transmission frequency (T-Freq: 0.0039).

3.2.11 Haplotype effects of markers rs237897 and rs4686302 (all trios)

The haplotype effects of the haplotypes built from the alleles of the SNPs rs237897 and
rs4686302 are depicted subsequently. The marginal allele frequencies of the markers

rs237897 and rs4686302 were calculated (Table 3.11).

Table 3.11: Marginal allele frequencies of rs237897 and rs4686302 (all trios)

Likeli-
Marker |Allele| H2PMaP |0 o | Untrans| L U- | Nulllog- | AltLog- | i cpi | P
CEU freq Freq | Freq likeli likeli value
square
C 0.614 182 189 [ 0.6500 | 0.6750
1s237897 -348.097 | -347.891 | 0.4120 |0.5210
T 0.386 98 91 0.3500 | 0.3250
A 0.106 36 32 0.1395 | 0.1240
rs4686302 -193.990 | -193.847 | 0.2860 | 0.5928
G 0.894 222 226 [ 0.8605 | 0.8760

Trans: transmitted allele, Untrans: untransmitted allele, T-Freq: transmission frequency, U-Freq: untransmission frequency, Null log-likeli:

null likelihood, Alt log-likeli: alternative likelihood

Similarly to the data of the previous haplotype, the data did not differ from the observation
including all markers. None of the two markers reached the level of statistical significance
(Likeli ratio x2 > 3.84, p < 0.05, df = 1). The major alleles of both markers (rs237897: C;
rs4686302: G) were overtransmitted to ASD-affected children.
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3.2.12 Allele effects of markers rs237897 and rs4686302 (all trios)

The calculation of the allele effects gave the following results (Table 3.12):

Table 3.12: Allele effects of rs237897 and rs4686302 (all trios)

Marker Allele Odds-R 95 % Low 95 % High
C 1 1 1
1s237897
T 1.125 0.7849 1.612
G 1 1 1
rs4686302
A 1.1538 0.6826 1.9508

Odds-R: Odds Ratio of Alleles

On closer examination, the odds ratio of marker rs237897 was slightly higher (Odds-R: 1.125)
in comparison to its odds ratio, where all five markers were taken for calculation. The
confidence interval values were almost similar. The odds ratio and the confidence interval
values of marker rs4686302 completely matched with the previous ones. None of the

displayed values reached the level of statistical significance (Likeli ratio > > 3.84, p < 0.05,

df=1).

3.2.13 Haplotype compositions of markers rs237897 and rs4686302 (all trios)

The haplotype compositions are displayed in the subsequent table (Table 3.13).

Table 3.13: Haplotype frequencies of rs237897 and rs4686302 (all trios)

T- U- Null log- Altlog- | Likeli-ratio Chi p-
Marker | Haplotype | Trans | Untrans Freq | Freq likeli likeli Square value
C-A 36 32 0.1417 | 0.1260
4&5 C-G 130 136 | 0.5118 | 0.5354 | -483.968 | -483.755 0.4273 0.8076
T-G 88 86 0.3465 | 0.3386

4: 15237897 (C/T), 5: rs4686302 (G/A)

The haplotype compositions values did not reach the level of statistical significance was not
reached at all (likelihood ratio x2 >5.99, p <0.05, df = 2). Two haplotypes, T-G and C-A,
were overtransmitted to ASD-affected children. The haplotype with the second highest

transmission frequency (T-G, T-freq: 0.3465) consisted of the minor allele (T) of marker

103




Results

rs237897 and the major allele (G) of marker rs4686302. The least transmitted one (C-A,
T-freq: 0.1417) consisted of the major allele (C) of marker rs237897 and the minor allele of
marker rs4686302 (A). The major haplotype C-G revealed the highest transmission rate and
was transmitted in over 50 % of the cases (T-freq: 0.5118).

Table 3.14: Haplotype effects rs237897 and rs4686302 (all trios)

Marker Haplotype Odds-R 95 % Low 95 % High
C-G 1 1 1
4&5 C-A 1.1922 0.6863 2.0713
T-G 1.0790 1.0582 1.1009

4: 15237897 (C/T), 5: rs4686302 (G/A)

The major haplotype C-G was set as the reference value. The lack of statistical significance
(p = 0.8076) did not allow a valid statement on the haplotypes’ protective (Odds-R < 1) or
risk contributing (Odds-R > 1) qualities. In tendency, the haplotype T-G seemed to have a
slightly higher protective quality (Odds-R: 1.0790) than the haplotype C-A (Odds-R: 1.1922).
The confidence intervals (95% Low and High), indicated that the effects of both haplotypes
could be either protective or risk-increasing. The confidence interval of haplotype T-G was
very confined compared that of haplotype C-A. This could be explained by the more than two
times higher transmission frequency of T-G compared to that of T-A (T-freq T-G: 0.3465;
T-freq C-A: 0.1417), which automatically led to a higher statistical robustness. Thus, the
haplotype T-G is exclusively risk-increasing in contrast to haplotype C-A, which is potentially
both protective and risk-increasing (95 % Low: 0.6863, 95 % High: 2.0713).

3.2.14 Association testing with Haploview 4.2, single marker check (IQ > 70)

The complete cohort was subdivided into those individuals that had an IQ above 70. The 1Q
range between 70 and 84 is defined as “borderline intellectual functioning” (Alloway, 2010),
IQ values lower than 70 are defined as “mental retardation” (ICD-10 F70 - F74). The results
of those children, whose IQ was above 70, are displayed in the subsequent tables.

52 singletons and 90 parents-child trios were taken into consideration for calculation.
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Table 3.15: Haploview output of single marker check (IQ > 70)

#| Name Position | ObsHET | PredHET | HWpval | % Geno | FamTrio | MendErr | MAF | Alleles
1| rs2268494 | 8.802.046 | 0.138 0.136 1.0 87.2 86 0 0.074| AT
2 | rs2254298 | 8.802.228 | 0.177 0.189 0.4754 100 90 0 0.106 | C:T
3| rs237889 | 8.802.483 | 0.417 0.442 0.4545 99.2 89 0 033 | GA
41 rs237897 | 8.808.285 | 0.422 0.443 0.54 99.2 89 0 0332 CT
5| rs4686302 | 8.809.222 | 0.202 0.211 0.7008 92.0 83 0 0.120 | G:A

ObsHET: observerd heterozygosity, PredHET: predicted heterozygosity, HWpal: Hardy-Weinberg p-value, MendErr: Mendelian Errors,
MAF: minor allele frequency

As expected, the parameters slightly differed from the results displayed in Table 3.3, where
the complete cohort was considered for calculation. In summary, the results displayed in
Table 3.15 did not significantly differ from those depicted in Table 3.3. Especially the MAF
remained almost exactly the same. The trios and singletons fulfilled the criteria of a minimum

completeness of 75 %, the HW p-value cutoff was set to p < 0.001.

3.2.15 Standard TDT in Haploview 4.2 (IQ > 70)

Table 3.16: Association test of single markers with ASD (IQ > 70)

# Name Overtransmitted T:U HapMap CEU Chi Square p-value
freq

1 rs2268494 A 22:12 0.948 2.941 0.0863
2 rs2254298 C 29:24 0.932 0.472 0.4922
3 rs237889 A 68:52 0.372 2.133 0.1441
4 rs237897 T 60:55 0.386 0.217 0.641
5 rs4686302 A 29:25 0.106 0.296 0.5862
T:U, Transmitted versus Untransmitted

None of the single markers was associated with ASD, the criteria for statistical significance
were not fulfilled by any of the markers (y* > 3.84, p < 0.05, df = 1). Exclusively marker
152268494 showed a tendency to association (x> = 2.941, p = 0.0863, df = 1). Marker
rs2254298 had a higher transmission of its major allele (C) in comparison to the results from
the investigation of the complete cohort, which led to an increase of its p-value (p = 0.4922).
The minor allele (A) of rs237889 showed an overtransmission like in the previous analysis
with the complete cohort. This observation was also confirmed for rs237897. Once again, the

minor allele of this marker (T) was overtransmitted. The transmission rate was higher in this
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subpopulation than in the compete cohort, which is reflected in the lowered p-value
(p =0.641). The parameter values for rs4686302 were completely identical to the previous

ones.

3.2.16 LD of OXTR SNPs and haplotypes in Haploview 4.2 (IQ > 70)

The LD and haplotypes of the five investigated OXTR SNPs were calculated (Figure 3.7).
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Figure 3.8: LD plot of five OXTR SNPs (IQ > 70). The numbers within the squares display the LD (D’). The
higher the values, the higher the LD. The colors represent the degree of the LD, red: high LD, white: low LD.
Blue: high LD, but low LOD score, no number: D’ = 100.

The LD plot values changed in comparison to the previous one. The LD of the markers
rs2268494 and rs237889 decreased about 4 % (from 89 to 85), between the markers
rs2254298 and rs237889 it increased about 1 % (from 91 to 92). The LD of rs2254298 and
rs237897 increased from 3 % to 9 %. A big change of the LD occurred between the markers
rs237889 and rs4686302; it decreased about 8 % (from 64 to 56). This also explained color
change from light rose to white. The largest change was denoted between the markers with
the biggest genetic distance, rs2268494 and rs4686302. The D’ values were reduced about
36 % (from 37 % to 1 %), which could be interpreted as non-existing LD.
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3.2.17 TDT calculation with UNPHASED: allele main effects (IQ > 70)

The 139 trios and singletons were considered for calculation with UNPHASED. The next

table displays the results from the calculation of the allele main effects (Table 3.17).

Table 3.17: Marginal allele frequency calculation by UNPHASED, (IQ > 70)

HapMap o re .
Marker |Allele| CEU |Trans|Untrans| \- U- | Nulllog- | Alt Log- | Likeli-ratio p-value
freq Freq | Freq likeli likeli Chi square
A 0.948 163 159 10.9368 | 0.9138
r$2268494 -90.752 | -90.417 0.6698 0.41313
T 0.052 11 15 0.0632 | 0.0862
C 0.932 166 171 0.8925 [ 0.9194
1$2254298 -114.240 | -113.835 0.8099 0.3681
T 0.068 20 15 0.1075 | 0.0807
A 0.372 67 55 0.3712 | 0.3225
rs237889 -227.059 | -226.055 2.0094 0.1563
G 0.628 115 127 10.6319 | 0.6978
C 0.614 124 134 | 0.6526 | 0.7053
rs237897 -230.667 | -230.008 1.3196 0.2506
T 0.386 66 56 0.3474 | 0.2947
A 0.106 23 25 0.1322 | 0.1437
rs4686302 -132.557 | -132.504 0.1053 0.7455
G 0.894 151 149 10.8678 | 0.8563

Ill;zlllnlslk Lrlclllrll;r;gttz?tc;l)lgl61:1kglrlltl;lzﬁl;mlillt‘tgrilsglltlﬁagozllele T-Freq: transmission frequency, U-Freq: untransmission frequency, Null log-likeli:
The UNPHASED results differed in many aspects from those that were calculated with
Haploview. The most noticeable difference occurred among the overtransmitted alleles.
Marker rs4686302 revealed a difference, the G allele (“major allele””) was overtransmitted,
whereas Haploview reported an overtransmission of the A allele. Once both calculations with
UNPHASED were compared to each other (Tables 3.5 and 3.17), the differences became even
more obvious. The trend to association of marker rs2268494 disappeared completely
(rs2268494 [all trios]: p = 0.0840; rs2268494 [IQ > 70]: p = 0.4131). Also marker rs237897
revealed a big change with respect to its p-value, it decreased about more than 50 %
(rs237897 [all trios]: p = 0.5806; rs237897 [IQ > 70]: p = 0.2506). The p-value of marker
rs4686302 was further shifted to non-significance (rs4686302 [all trios]: p= 0.5928;
154686302 [IQ > 70]: p = 0.7455). The p-values of the markers rs2254298 and rs237889
remained almost the same as in the calculation with the complete cohort. The differences of
the results of both calculations could be explained different numbers of trios that were used

(139 trios in the IQ > 70 subpopulation instead of 203 trios in the complete cohort). Thus, the
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amount of alleles that could be considered for calculation was less, which led to a decreased

robustness of the statistical parameters.

3.2.18 Allele Effects calculated with UNPHASED (IQ > 70)

Table 3.18: Odds ratios of tested alleles in the OXTR, all markers (IQ > 70)

Marker Allele Odds-R 95 % Low 95 % High
A 1 1 1
1s2268494
T 0.7143 0.3173 1.608
C 1 1 1
1s2254298
T 1.385 0.6784 2.826
G 1 1 1
rs237889
A 1.3999 0.8764 2.2366
C 1 1 1
rs237897
T 1.303 0.8279 2.051
G 1 1 1
rs4686302
A 0.9001 0.4762 1.7013

Odds-R: odds ratios of tested alleles

The minor alleles of two markers revealed a protective effect (rs2268494 and rs4686302,
Odds-R < 1); those of the remaining three markers were risk-increasing (rs2254298,
rs237889, rs23897, Odds-R > 1). The most striking effects were observed for rs2254298 and
rs4686302, their allele effects reversed respectively. In the calculation comprising the
complete cohort, the minor allele of marker rs2254298 revealed a protective effect (rs2254298
[all trios]: p = 0.7857) and in the 1Q > 70 subpopulation, the allele effect became risk-
increasing (rs2254298 [1Q > 70]: p = 1.385). Considering the complete cohort, the minor
allele of rs4686302 had a risk-increasing effect (rs4686302 [all trios]: p = 1.1538) and in the
IQ > 70 subpopulation, the minor allele effect became protective (rs4686302 [IQ > 70]:
p=0.9001). The confidence intervals of all markers, with exception of rs4686302, in the
IQ > 70 subpopulation were more spread than in the calculation comprising the complete
cohort. The increase of the p-values and the wider spread of the markers’ confidence intervals
were due to the lower number of tested alleles (fewer trios). Exclusively for rs4686302, the
spread of the confidence intervals remained almost identical, although the absolute values

decreased (rs4686302 [all trios]: 0.6826 - 1.9508; rs4686302 [IQ > 70]: 0.4762 - 1.7013).
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3.2.19 Haplotype main effects calculated with UNPHASED (I1Q > 70)

Similarly to the analysis of the haplotype effects in the complete cohort, the haplotype effects
were also calculated for the IQ > 70 subpopulation. The Haploview LD block analysis did not
define any block in this sample. Just as in the previous study on the complete cohort,
UNPHASED identified two haplotype blocks in our trio subpopulation. The first haplotype
block consisted of combinations of the SNPs rs2268494, rs2254298 and 1rs237889
(markers 1-3). The second block was built by rs237897 and rs4686302 (markers 4-5).

3.2.20 Haplotype effects of markers rs2268494, rs2254298 and rs237889 (1Q > 70)

According to the calculations with the complete cohort, the single markers were grouped into
two haplotype blocks. The calculations of the first haplotype block (rs2268494, rs2254298
and rs237889) are displayed (Table 3.19).

Table 3.19: Marginal allele frequencies of rs2268494, rs2254298 and rs237889 (1Q > 70)

Likeli-
Marker |Allele| H2PMaP | oo | Untrans | L U- | Nulllog- | AltLog- | ;i cp | P
CEU freq Freq | Freq likeli likeli value
square
A 0.948 163 159 10.9368 | 0.9138
1s2268494 -90.751 | -90.417 0.6697 |0.4131
T 0.052 11 15 0.0632 | 0.0862
C 0.932 166 171 [ 0.8925 | 0.9194
1s2254298 -114.240 | -113.835| 0.8099 | 0.3681
T 0.068 20 15 0.1075 | 0.0807
A 0.372 67 55 0.3681 | 0.3022
rs237889 -227.059 | -226.055 | 2.0093 | 0.1563
G 0.628 115 127 10.6319 | 0.6978

Trans: transmitted allele, Untrans: untransmitted allele, T-Freq: transmission frequency, U-Freq: untransmission frequency, Null log-likeli:
null likelihood, Alt log-likeli: alternative likelihood

These results of the analysis of the first haplotype block were identical to those from the

previous analysis, which comprised all markers.

3.2.21 Allele effects of markers rs2268494, rs2254298 and rs237889 (1Q > 70)

The results of the allele effect calculations are depicted in Table 3.20
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Table 3.20: Allele effects of markers rs2268494, rs2254298 and rs237889 (IQ > 70)

Marker Allele Odds-R 95 % Low 95 % High

A 1 1 1
1s2268494

T 0.7143 0.3173 1.608

C 1 1 1
1s2254298

T 1.385 0.6784 2.826

G 1 1 1
rs237889

A 1.3999 0.8764 2.2366

Odds-R: Odds Ratio of Alleles

According to the values from the calculations of the marginal allele frequencies, the odds

ratios were absolutely identical with those of the complete cohort (Table 3.18).

3.2.22 Haplotype compositions of markers rs2268494, rs2254298 and rs237889 (I1Q > 70)

The results of the marginal haplotype frequencies are summarized in Table 3.21.

Table 3.21: Haplotype frequencies of rs2268494, rs2254298 and rs237889 (1Q > 70)

Marker Haploty Trans | Untrans T- U- Nu‘ll lqg- Al‘t log- Likeli-ratio Chi p-
pe Freq | Freq likeli likeli Square value
A-C 143 145 | 0.8218 | 0.8333
1&2 A-T 20 14 0.1149 | 0.0805 | -197.493 | -196.554 1.8779 0.3910

T-C 11 15 0.0632 | 0.0862

A-A 53.04 | 38.05 |0.3084 [ 0.2212
A-G 108 118.9 |0.6277 | 0.6916
1&3 -284.809 | -283.127 3.3639 0.3389
T-A 9.958 | 13.95 |0.0579 | 0.0811

T-C 1.042 | 1.052 |0.0061 | 0.0061

C-A 67 54 0.3681 | 0.2967
C-G 95 114 | 0.5220 | 0.6264
2&3 -328.053 | -324.920 6.2661 0.0993
T-A 0 1 0 0.0055
T-G 20 13 0.1099 | 0.0714

A-C-A | 53.05 | 38.06 |0.3084 | 0.2213
A-C-G | 8795 | 1059 |0.5113|0.6159
1&2&3 | A-T-G 20 13 0.1163 | 0.0756 | -377.738 | -374.698 6.0812 0.1932
T-C-A | 9.949 | 13.94 | 0.058 | 0.081

T-C-G | 1.051 | 1.059 |0.0061 | 0.0062

1: 152268494 (A/T), 2: 152254298 (C/T), 3: rs237889 (G/A)
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The haplotypes compositions 1 & 2 (rs2268494 and rs2254298), 1 & 3 (rs2268494 and
rs237889) as well as the combination 2 & 3 (rs2254298 and rs237889) show a similar pattern
of transmitted haplotypes in comparison to the complete cohort (Table 3.10). The haplotypes
consisting of the major alleles of the single markers were transmitted the most (A-C, A-G,
C-G, A-C-QG). It is striking that in the 1Q > 70 subpopulation, the haplotypes built by the
markers 2 & 3 (rs2254298 and rs237889) revealed a tendency to statistical significance
(p=0.0993). In contrast to this finding, the haplotype combination of the markers 1 & 3
(rs2268494 and rs237889), which showed a tendency to significance in the calculations
comprising the complete cohort (p = 0.0739), did not reveal any tendency to significance at

all in the 1Q > 70 subpopulation (p = 0.3389).

Subsequently, the odds ratios and the confidence intervals are displayed (Table 3.22).

Table 3.22: Haplotype effects of rs2268494, rs2254298 and rs237889 (IQ > 70)

Marker Haplotype Odds-R 95 % Low 95 % High
A-C 1 1 1
1&2 A-T 1.5 0.7225 3.114
T-C 0.7143 0.3173 1.608
A-G 1 1 1
&3 A-A 1.1588 0.9166 2.5176
T-A 0.8753 0.6108 1.2548
T-G 0.9467 0.0934 9.6058
C-G 1 1 1
5 &3 C-A 1.3729 0.0906 2.003
T-A 0 0 0
T-G 1.8562 0.2471 1.3166
A-C-G 1 1 1
A-C-A 1.6515 0.9833 2.7732
1,2&3 A-T-G 1.8893 1.3716 2.6018
T-C-A 0.9123 0.6420 1.2960
T-C-G 0.9747 0.0973 9.7689

1: 1s2268494 (A/T), 2: 152254298 (C/T), 3: 15237889 (G/A)

The major haplotypes A-C, A-G, C-G and A-C-G were set as the reference values. The
haplotype A-T, built from the markers rs2268494 and rs2254298 (1 & 2), revealed a change
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from a protective haplotype to a risk haplotype (Odds-R [all trios]: 0.8472; Odds-R
[IQ >70]: 1.5). The spread of the confidence intervals increased as well, especially with
respect to the upper limit of the confidence interval for this haplotype (95 % High
[all trios]: 1.462; 95 % High [IQ > 70]: 3.114). Another difference was observed for the
haplotype A-A, which consisted of the major allele of marker rs2268494 and the minor allele
of marker rs237889 (1 & 3). The odds ratio decreased (Odds-R [all trios]: 1.4778; Odds-R
[IQ >70]: 1.1588) and the lower limit of the confidence interval shifted into the protective
range of values (95 % Low [all trios]: 1.001; 95 % Low [IQ > 70]: 0.9166). The upper
confidence interval limit of haplotype T-A (1 & 3) also shifted towards the risk-increasing
range of values. The odds ratio values of the haplotypes T-A and T-G (1 & 3) also lost a small
share of their protective character. The upper confidence interval limit of haplotype T-A
shifted into the risk-increasing range of values (95 % High: 1.2548). Among the haplotype
combinations of the markers 2 & 3 (rs2254298 and rs237889), the combination of the minor
allele of rs2254298 (T) and the major allele of rs237889 (G) also revealed an enormous
increase of the odds ratio value (Odds-R T-G [all trios]: 1.0275; Odds-R T-G
[IQ > 70]: 1.8562). Concomitantly, the lower limit of the confidence interval decreased and
the upper limit increased. All of the odds ratios of the haplotype combinations 1, 2 & 3
(rs2268494, rs2254298 and rs237889) showed increased values. The haplotype A-T-A did not
occur in this sample. Despite the increase of the odds ratio values, the haplotypes T-C-A and
T-C-G remained protective. The most striking change occurred among the values of
combination A-T-G. The odds ratio increased about 1.8 fold (Odds-R A-T-G
[all trios]: 1.0275; Odds-R A-T-G [IQ > 70]: 1.8893) and the value of the lower confidence
interval limit shifted into the risk-increasing range of values (95 % Low [all trios]: 0.8414;
95 % Low [IQ > 70]: 1.3716). The upper limit of the confidence interval has increased by two
(95 % High [all trios]: 1.3008; 95 % High [1Q > 70]: 2.6018).
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3.2.23 Haplotype effects of markers rs237897 and rs4686302 (1Q > 70)

The results are depicted in Table 3.23

Table 3.23: Marginal allele frequencies of rs237897 and rs4686302 (IQ > 70)

Likeli-
Marker | Allele| H2PMaP | oo oo | Untrans | 1 U- | Nulllog- | Alt Log- |- -0 op; p-
CEU freq Freq | Freq likeli likeli value
square
C 0.614 124 134 | 0.6526 | 0.6750
rs237897 -230.667 | -230.008 | 1.13961 |[0.2507
T 0.386 66 56 0.3474 1 0.3250
A 0.106 23 25 0.1322 ( 0.1437
rs4686302 -132.557 | -132.504 [ 0.1053 | 0.7455
G 0.894 151 149 | 0.8678 | 0.8563

Trans: transmitted allele, Untrans: untransmitted allele, T-Freq: transmission frequency, U-Freq: untransmission frequency, Null log-likeli:

null likelihood, Alt log-likeli: alternative likelihood

The p-value of the marker rs237897 in this cohort was far lower than in the analysis
comprising all trios (rs237897 [all trios]: 0.5210; rs237897 [IQ > 70]: 0.2507). The p-value of
marker rs4686302 increased (rs4686302 [all trios]: p = 0.5928; rs4686302 [IQ > 70]

p =0.7455). None of the markers fulfilled the criteria of statistical significance (x> > 3.84,

p <0.05, df = 1).

3.2.24 Allele effects of markers rs237897 and rs4686302 (I1Q > 70)

The results of the calculation of the allele effects are depicted subsequently (Table 3.24)

Table 3.24: Allele effects of rs237897 and rs4686302 (IQ > 70)

Marker Allele Odds-R 95 % Low 95 % High
C 1 1 1
rs237897
T 1.303 0.8279 2.051
G 1 1 1
154686302
A 0.9001 0.4762 1.7013

Odds-R: Odds Ratio of Alleles
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Considering marker rs237897, both the odds ratio (Odds-R [all trios]: 1.125, Odds-R
[1Q > 70]: 1.303) and the confidence interval values increased. The minor allele of rs237897
also remained a risk-increasing quality in the IQ > 70 subpopulation. The upper limit of the
confidence interval for this allele increased to a value above two (95 % High [all trios]: 1.612;
95 % High [IQ > 70]: 2.051). A bigger change occurred for the minor allele of marker
rs4686302. Its odds ratio value turned from risk-increasing to protective (Odds-R
[all trios]: 1.1538; Odds-R [IQ > 70]: 0.9001). The confidence interval values decreased
(95 % Low [all trios]: 0.6826; 95 % Low [IQ > 70]: 0.4762; 95 % High [all trios]: 1.9508;
95 % High [1Q > 70]: 1.7013).

3.2.25 Haplotype compositions of markers rs237897 and rs4686302 (1Q > 70)

The results of the possible haplotype compositions are displayed subsequently (Table 3.25)

Table 3.25: Haplotype frequencies of rs237897 and rs4386302 (IQ > 70)

T- U- Null log- Altlog- | Likeli-ratio Chi p-
Marker | Haplotype | Trans | Untrans Freq | Freq likeli likeli Square value
C-A 23 25 0.1322 ] 0.1437
4&5 C-G 91 94 0.5230 | 0.5402 | -330.123 | -329.931 0.3833 0.8257
T-G 60 55 0.3448 | 0.3161

4: 15237897 (C/T), 5: rs4686302 (G/A)

The haplotype C-G, composed of the major alleles of the markers rs237897 and rs4686302,
was transmitted the most (91 times). The second most transmitted one was the haplotype T-G,
built from the minor allele of marker rs237897 and the major allele of marker rs4686302, with
60 transmissions. The haplotype C-A, consisting of the minor alleles of both markers, was the
least transmitted one (23 times). The statistical data from the 1Q > 70 subpopulation were
almost identical with those from the complete cohort. None of the haplotypes fulfilled the
criteria of statistical significance (x* > 5.99, p < 0.05, df = 2).
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Subsequently, the odds ratios and the confidence intervals are displayed.

Table 3.26: Haplotype effects of rs237897 and rs4686302 (IQ > 70)

Marker Haplotype Odds-R 95 % Low 95 % High
C-G 1 1 1
4&5 C-A 0.9524 0.4869 1.8615
T-G 1.1438 1.1104 1.1747

4: 15237897 (C/T), 5: rs4686302 (G/A)

The major haplotype C-G served as the reference value. The haplotype C-A, composed from
the major allele of rs237897 and the minor allele of rs4686302, revealed a slight protective
effect (Odds-R: 0.9524). The haplotype T-G, built from the minor allele of rs237897 and the
major allele of rs4686302, showed a slight risk increasing effect (Odds-R: 1.1438). The
haplotype C-A turned from a risk haplotype into a protective one (Odds-R [all trios]: 1.1922;
Odds-R [IQ > 70]: 0.9524). The confidence interval values hardly changed. The odds ratio
value for the haplotype T-G slightly increased (Odds-R [all trios]: 1.0790; Odds-R
[IQ > 70]: 1.1438). The confidence interval values hardly changed; there was just a minimal

increase of both values.

3.2.26 Summary of association analyses of OXTR with ASD

In summary, the association analyses did not reveal any association of the five investigated
SNPs in the OXTR gene with ASD. The consideration of the single markers revealed one
SNP, rs2268494 (A/T), which showed a tendency to association in the complete cohort and in
the 1Q > 70 subpopulation (x2 > 29, p <0.09, df = 1). Among all investigated haplotypes,
only the haplotype combinations consisting of the markers rs2268494 and rs237889 (1 & 3)
showed a tendency to association (x> = 6.93, df = 2, p = 0.0738) in the complete cohort. The
haplotype consisting of the minor alleles of rs2268494 and rs237889 (T-A) indicated a
protective quality with respect to ASD in the complete cohort (Odds-R: 0.64), which was
supported by the confidence interval values (95 % Low: 0.45, 95 % High: 0.92). The
haplotype A-A, built from the major allele of rs2268494 and the minor allele of rs237889,
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revealed a risk-increasing quality in the complete cohort (Odds-R: 1.47), which was also
supported by the confidence interval values (95 % Low: 1.0001, 95 % High: 2.1834). In the
IQ > 70 subpopulation, exclusively the haplotype combinations consisting of the markers
1s2254298 and rs237889 (2 & 3) revealed a tendency to association (x2 = 6.26, df = 2,
p =0.09). However, none of the haplotypes was unambiguously protective or risk-increasing.
The comparison of the single marker test results of the complete cohort and the 1Q > 70
subpopulation confirmed that there were no changes among the overtransmitted alleles, they
remained the same in both populations tested (A, C, A, T, A). The p-value of 12268494 even
remained identical (p = 0.0863) in both populations. The comparison of the Haploview results
with those from UNPHASED in the complete cohort revealed that there was only a minor
change of the p-value for rs237897 (Haploview [all trios]: 0.7055, UNPHASED
[all trios]: 0.5806). The remaining p-values were nearly identical. Bigger changes occurred
among the Haploview and the UNPHASED results of the IQ > 70 subpopulation. The
Haploview result for rs2268494 indicated a tendency to association (p = 0.08), the
UNPHASED result did not indicate any tendency to association for this marker (p = 0.41).
UNPHASED calculated lower p-values for rs2254298 (p = 0.36) and rs237897 (p = 0.25) in
comparison to Haploview (rs2254298: p = 0.49; rs237897: p = 0.64). The p-values of the
markers rs237889 and rs4686302 were higher in the UNPHASED calculations
(rs237889: p =0.15; rs4686302: 0.74) in comparison to those done with Haploview
(rs237889: p = 0.14; rs4686302: p = 0.58).

3.3 Constitutive Mic1 knockout mouse procedure

3.3.1 Validation of pMlcl_KO_mod vector as positive control

Previous genome-wide linkage analyses (Stober et al., 2000, 2001) have revealed a
susceptibility locus for SCZD10 on chromosome 22ql3 in a single large family. Further
refinement of polymorphic markers in this genomic region (Jobst Meyer, unpublished data)
confined the genomic area to a 4 cM region to the D22S1160-telomer. The mutational
analysis of the putative candidate gene MLCI resulted in the identification of the C1121A
allele in one family, which leads to an amino acid exchange at position 309 from leucine to

methionine (Leu309Met). Further fine-mapping on chromosome 22q13 and the exclusion of
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the candidate gene BRDI (Ekawardhani, 2008) support MLCI as a candidate gene for the
etiology of SCZD10. To date, functional data about MLC1 are missing. This pointed to the

idea to comprehensively investigate Mlc/ in a knockout mouse model.

For the creation of a knockout mouse, a positive control was needed during the complete
detection procedure. The positive control served the optimization of the screening procedure
and enabled to prove PCR specificity. Thus, the pMIc1_KO_mod vector (Ekawardhani, 2008)
was taken as a template and later on as the positive control during the whole process (2.15.1).
If the PCR reaction worked on the highly diluted positive control, one could expect that the
PCR conditions will also be appropriate for ES gDNA. The forward primer bound in the pgk
promoter sequence (pgk) of the vector and the reverse primer in the neomycin resistance gene
(Neo). Subsequent to the optimization procedure, pMlc1_KO_mod sample revealed the PCR
fragment at the expected size of 430 bp, whereas the negative control (H,O) did not show any
PCR fragment, as expected. The PCR fragments were visualized on a 1.5 % agarose gel

(Figure 3.9).
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Figure 3.9: PCR optimization on pMlcl_KO_mod. The PCR products were separated on a 1.5 % agarose gel.
(1) The PCR reaction on the template pMlc1_KO_mod gave a signal at a size of 430 bp. (2) The negative control
did not give any signal as expected.
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3.3.2 Screening of ES for sufficient amount of gDNA for further validation process

The ES arrived in 96 well plates with variable amounts of ES in each of the wells. Thus, the
putative amount of ES gDNA also varied in a large scale. A PCR reaction requires a
minimum amount of DNA to enable gene amplification. Due to the previous selection process
only few cells survived, which already set the possible amount of ES gDNA at very low
limits. The quantification of ES gDNA by spectrophotometry was technically impossible
because the amount of ES gDNA was below the detection limit. Hence, ES gDNA was
isolated and the PCR reaction on Serpina6 (2.16.1) was accomplished to check, if a sufficient

amount of ES gDNA was available for subsequent PCR reactions (Figure 3.10).
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Figure 3.10: Amplification of the Serpina6 gene. The fragments were detected at the expected size (300 bp) and
separated on a 1.5 % agarose gel. (1-4) 10 ul of ES gDNA as a template yielded the expected signal. (5-6) The
knockout construct pMlcl_KO_mod and H,O were used as negative controls (no signals) for verification of the
PCR specificity.

118



Results

The ES gDNA was isolated from each of the single wells. From each sample, 10 ul ES gDNA
was taken for the PCR reaction on Serpina6. The four tested samples, each derived from a
different well, revealed the expected 300 bp fragment of Serpina6. This finding confirmed
that the PCR conditions were appropriate for ES gDNA detection. If a sample did not yield
any signal in the Serpina6 PCR, it was considered as ES gDNA-free and discarded. The
gDNA of C57BL/6 mice was used as a positive control to validate the PCR performance, H,O

as negative control.

3.3.3 Finding aberrant Micl sequence integration in ES gDNA

Those samples that showed a sufficient amount of ES gDNA (successful Serpina6 PCR) were
considered for further analysis on aberrant Mlcl sequence integration into the ES gDNA. The
integration of the aberrant Mlcl sequence was tested by a PCR reaction. The forward primer
bound to the pgk promoter sequence and the reverse primer in the neomycin resistance gene
sequence, both not naturally present in mammalian genomes. A positive signal could only
occur, once the pMIlcl_KO_mod sequence had integrated into the ES gDNA. Some of the
tested ES gDNA samples revealed a signal; some others did not (Figure 3.11).

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 bp

Figure 3.11: Detection of pMlcl_KO_mod sequence in ES gDNA. The recombination of the pMlcl_KO_mod
vector and the ES gDNA had occurred in several samples and are indicated with arrows: (1-16) 10 ul ES gDNA
from different wells, respectively (17) 10 ng of pMlcl_KO_mod as positive control. (18) 1:100 dilution of
pMlc1_KO_mod with H,O (100 pg / ul). (19) H,O as negative control.
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The positive control and negative controls (17-18) confirmed the accuracy and purity of the
PCR. The ES gDNA signals were faint with exception of sample four. To improve the
evaluation, 5 pl of the ES PCR products were taken as templates for another PCR with the
same primers (reamplification PCR). After reamplification, the signals intensity was high and

enabled the distinction of recombinant and non-recombinant samples (Figure 3.12).
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Figure 3.12: Reamplification of PCR products from ES with aberrant MlcI sequence-selective primers. The
signals could be intensified for a better distinction of recombined and native ES gDNA. (1-16) 5 pul PCR product
of the previous PCR reaction were used for reamplification. (17) H,O served as negative control (no signal).

The reamplification of the PCR products delivered signals with a higher intensity. Some
samples (3, 4, 6,7, 8, 10, 11, 12, 13, 15 and 16) revealed high signals, others faint ones (2, 9)
and a few did not yield any signal after reamplification (1, 5 and 14). No fragment could be
detected in the negative control. The samples that presented intense signals confirmed that the

knockout vector sequence had undergone recombination with the ES gDNA.
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3.3.4 Detection of homologous recombination of aberrant Mic1l sequence into ES
gDNA

The intention of the knockout vector process was the integration of the aberrant Micl
knockout vector construct at the correct position in the ES gDNA (homologous
recombination). Assuming that the homologous recombination had worked, the Mlcl would
have been disrupted. The identification of homologous recombination was done by a further
PCR. In this PCR, the forward primer hybridized to the ES genome sequence of Mlcl (native
sequence) and the reverse primer to the neomycin resistance gene sequence. The PCR was
supposed to deliver a fragment of 1,398 bp, if homologous recombination had occurred

(Figure 3.13).
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Figure 3.13: No homologous recombination in ES gDNA samples. The expected PCR fragment of 1,398 bp did
not occur in any sample. The samples were separated on a 1.5 % agarose gel. (1-13) PCR on ES gDNA did not
yield any signal. Homologous recombination could not be confirmed. (14-15) The negative controls
pMlc1_mod_KO and H,O did not show any signal.

None of the samples showed a PCR fragment at the expected size of 1,398 bp. Homologous

recombination of the aberrant MlcI sequence into the ES gDNA had obviously not occurred.
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The vector pMlcl_KO_mod was used as the first negative control. The forward primer did
not have any binding site within the vector sequence thus it was expected that no PCR product
should appear on the agarose gel. H,O as a second negative control confirmed the purity of
the PCR reaction. Four PCR plates, each containing 96 different samples, were tested by the
complete procedure (3.3.2 — 3.3.4). Most of the ES samples yielded sufficient gDNA. The
subsequently accomplished PCR (“detection of aberrant Mlcl sequence”) also delivered a
high number of recombination-positive samples. Yet, none of these samples yielded a signal
in the PCR on homologous recombination. Two explanations are possible: 1.) homologous
recombination had not occurred in any of the investigated ES samples. 2.) the sensitivity for

the detection of homologous recombination in the ES gDNA was too low.

3.4 Effects of miRNAs on MLC1I and NR3C1 gene expression in
CNS-derived cell lines

3.4.1 Target sites of miRNAs in 3’-UTRs of MLC1 (NM_015166) and the NR3C1 genes
(NM_000176)

It has been shown for the MLC1I gene that it is involved in the etiology of periodic catatonia
(SCZD10, *605908) in one of our multiplex families (Meyer et al., 2001). Additionally,
MLC1 polymorphisms were found to be associated with SZCD10 (Selch et al., 2007).
Psychiatric diseases such as schizophrenia and major depression disorder (MDD) are often
triggered by extreme acute or long-termed physical and mental stress episodes, leading to a
dysregulation of the hypothalamus—pituitary—adrenal (HPA) axis (de Kloet et al., 2005). The
main effect of stress response in mammals is caused by glucocorticoids. Throughout the
human brain, there is a high density of receptors for glucocorticoids. The fact that a mutation
of the MLCI gene had been identified in our multiplex families segregating SCZD10 (Meyer
et al., 2001) and that an association of MLC1 with SCZD10 had been demonstrated (Selch et
al., 2007), this study had two goals: 1.) the biological validation of the in silico-predicted
miR-137 target site in the 3’-UTR of MLC1 by cell culture experiments. 2.) the identification
of a possible implication of MLCI in stress response by immunoblot analysis of NR3C1 and

MLCI1 after miR-137 administration in human and rat CNS-derived cell lines.In this study,
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the 3’-UTR of the MLCI gene (NCBI accession number: NM_015166) was investigated by
the application of the web-based tool TargetScan, Release 5.1 (April 2009).

50500131 GTGGCCAGGAGCCCC 50500072
50500071 CTGAAGGAGTTCGACAAGGAGAAAGCCTGGAGAGCCGTCGTGGTGCAAATGGCCCAGTGA 50500012
50500011 CCCCCAGACGCGGAAACCGGGTGGCAGCGCCCAGCCTGGCCCCAAGCATGGAAACGCACA 50499952
50499951 ACCCCTAATCGCCCTGAGCTACTGCTTCTAACACCTCTTTTCCCTTGTGTGAGGGCAAAC 50499892
50499891 CAGGCTGCAGGTGGGGTTTTCACTTCCTAGGGTAGTTTAATTTTAAAATAGGCCAATGTT 50499832
50499831 GGCTAGTCTGTGCCTCAGTGAGATCAGTCAGCTCCGAGTGGCTCCCGTGTCGTAACAGCA 50499772
50499771 GGAGCATGGCCGCAACTTCCCAGGCCGAGGAAGGGCCCCCGGCTCGGCCTCTTGAGAGCC 50499712
50499711 CCACCCCTGAACTGGCCCCAGCTCCTCTTCCTGCCTCTCTCATGGCTTGGGCTGGAGTGG 50499652
50499651 GCTCTCTGGACCTGACCAGACTGTGGGTCCCTGCGTCTCCTGCCCACTCTGACCGGGCTT 50499592
50499591 CCTCCCTCCACGCTTAGGGTCTGTCCCGGGTACTCAGTCAGCCCAGTGGGATCTTACCCA 50499532
50499531 CTTCCCTGCAAGGTGCACCTGCCCCAGGCTCAGGCTGCCCAGCGGCTCTTCCTGGACAGT 50499472
50499471 GAGAGCAGGGCTGGGCGCCTCTGTCCTGGCCCGGGAGCCGCAGGGGCCCCTCCTCCAGAG 50499412
50499411 CCTGGGCGCAAGCGACACAGGCTGCCGCTGCTCTCCCAGGTGAAATCCACACCAGTCCAC 50499352
50499351 GCCGGGTCGCCTGCCCTGTCTCCCTACTTAGACCCAGTCATTCTAGAGGGATCCACCGCC 50499292
50499291 ACACTGGCCGGCCCACGTCCTGGGTGCTGTCATGCCCAGCTTGGAGTGCCACGTGGCCGC 50499232
50499231 TGCCCACGTCCCGGGCACTGTCATGCCCAGCTTGGAGTGCCACATGGCCGCTGCCCACGT 50499172
50499171 CCCGGGCACTGTCATGCCCAGCTTGGAGTGCCACGTGGCCGCTGCTGTGACAGGCAGTGT 50499112
50499111 TCTTGGGGGTGGGGCTGCATCCAAGGCTTTGTAAACCGGCTGGACCACGTCTCCCTGGCC 50499052
50499051 CCAGTGACCGGGGGAAGCTGAGCCCCTCCCTCCTGTGTTTGCTCCCATTACTCAAAATGC 50498992
50498991 AGGACAGATCAGGTCAGAGCCCAGGAATTCTCACAGGTTCACCCAGCGCCCTCTACCTCC 50498932
50498931 TAGCAAGTACTTTGTCTTGATCCTCACTGAGAAGGCCCCAGGGCAGCGGTCTTCTCCATC 50498872
50498871 TCCGCTGTTTTGGGGTCTTAGGGTACAGCCCAGGCGGTCACTGCCCACCTGCCAGGCTGC 50498812
50498811 AGGGACAGTTGGGTGTGAGAATAACACTGGCTTTGGGTAGTGCCATGGCCAGGAGTGGGT 50498752
50498751 TTCCCTGCGTCTCCTCGTCCCGAGGGCGCCTGGGTCCTCCCAGCTGACGGCAGTAAATCC 50498692
50498691 ACAGTGAGTTGGGGCGACTGTGAAACTGGAATGCTGTTACTTTGATAATTACTTTCCAGC 50498632
50498631 AGGTGTTTTCCTTCACAATGGTTTTGTTTCTTTCCTTCTGATCTGAGAAGACATGAACGT 50498572
50498571 TTTCTCTTCACCGCCGTGGGGTGTATTGACTGGTCCCCCATGGGCTGCTGGAAAGGCCCG 50498512
50498511 GAGATGCATCTGTGGCCTGGGGCCATCAAGATCAAAGAACCAGGAGGCCTGGGAGATGCA 50498452
50498451 GCTGGATGGGGCGGCCTGCAGACCCTGCCAGGGGGTTTGAGGACCCTCCCAGGTTTCCCA 50498392
50498391 CTGCGGAACAGGAGTGACTCTGGCTGCCAAGATACCTTCATGGTGTTCATGACAAGTGGA 50498332
50498331 ATCATTATTTTCAACCATTGAAGGGGGATGCAGGCAAGACACCTTCCCAGCTGCTCCTAG 50498272
50498271 AGGGGACAAGCCAGGCCCTCTCTGCAGTCCTCGGCAGCTCCGGAAGGACACAGTCAGGGG 50498212
50498211 CCGGGCAAACACTTTGGCCACAGCCCCAAACAAGCGCCACCGTGGGAGAGGAGAGGCTGC 50498152
50498151 TGTCACTGGTACCGGATGCAGACCCCACCCTGTCTGCAGGCCACCCCCACCTCCCTGCAG 50498092
50498091 CTTTGAGGCTGGCGGGGTCTGCTCCTGGGAATGGGGTGGGAGCCACAGGGACGACCCGGG 50498032
50498031 GCGGGCTGATGTCTTCTTGGGGGCAGACCAGAGAGCTCAAGTTTCAGAGTCAGAATTAGG 50497972
50497971 CACTTGGAGCGTTTTTGCTGGCTTGCACTTTCTTATTTTCTTATTTTAGAGCGCTTAAAA 50497912
50497911 AATCCGGAAAAATGGGGTTTAAAAGAACTGTCTCTTTCAGTCTACATTTTTGTTTAATAC 50497852

50497851 GCTTG CGCTGACTTGCAGACGTG 50497792
50497791 50497732

Figure 3.14: The gDNA sequence of the MLCI gene surrounding Exon 12 (NM_015166). The coordinate
system is depicted on the left and the right side (GRCh37.p5). -: non-coding sequence. Light blue: coding
sequence. Yellow: 3’-UTR of MLCI. -: predicted target site of miR-137.

Exclusively one highly conserved miRNA target site (miR-137) was predicted by Targetscan
(Figure 3.14). A study published by Silber in colleagues in 2008 demonstrated that miR-137
and miR-124 inhibit proliferation of glioblastoma stem cells and induce the expression of
CDK®6, a protein involved in the cell cycle (Silber et al., 2008). For miR-124 it has been

shown that it regulates the adult neurogenesis in the subventricular zone (Cheng et al., 2009)
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and that it furthermore downregulates the expression of NR3CI and of the glucocorticoid-

induced leucine zipper (T7SC22D3) (Vreugdenhil et al., 2009). Most notably, miR-124 is

exclusively expressed in the brain (Krichevsky et al., 2006; Vreugdenhil and Berezikov,

2009).
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GTGGTTGAAAATCTCCTTAACTATTGCTT

CCAAACATTTTTGGATAAGACCATGAGTATTGAATTCCCCGAGATGTTAGCTGAAATCAT
CACCAATCAGATACCAAAATATTCAAATGGAAATATCAAAAAACTTCTGTTTCATCAAAA
GTGACHEEEEIRATAAGAATGGT[HEEEIEAAAGAAAGTCGAATTAATAGCTTTTATTGTA

miR-124/506 miR-124/506
TAAACTATCAGTTTGTCCTGTAGAGGTTTTGTTGTTTTATTTTTTATTGTTTTCATCTGT
TGTTTTGTTTTAAATACGENGIRGATGTGGTTTATAGHEEEEEMAGACT TGGCAACAGAA
miR-142-3p miR-328
GCAGTTGAGTCGTCATCACTTTTCAGTGATGGGAGAGTAGATGGTGAAATTTATTAGTTA
ATATATCCCAGAAATTAGAAACCTTAATATGTGGACGTAATCTCCACAGTCAAAGAAGGA
TGGCACCTAAACCACCAGTGCCCAAAGTCTGTGTGATGAACTTTCTCTTCATACTTTTTT
TCACAGTTGGCTGGATGAAATTTTCTAGACTTTCTGTTGGTGTATCCCCCCCCTGTATAG
TTAGGATAGCATTTTTGATTTATGCATGGAAACCTGAAAAAAABNNNGHEAGTGTATATC
miR-30a
AGANERGEEAA G T TEEEEEHE T TA TAGCTATTACTGTCTGGT TTTAACAAT T TClENaE
miR-204/211 miR-124/506 miR-340
BTTTAGTGAACTACGCTTGCTCATTTTTTCTTACATAATTTTTTATTCAAGTTATTGTAC
AGCTGTTTAAGATGEEEMEEIA G T TCGTAGCTTTCCCAAATAAACTCTAAACATTAATCA
miR-22
ATCATCIIEHEHEANAATGGGT TGGTGCTTCTAACCTGATGGCACTTAGCTATCAGAAGAC
miR-377
CACAAAAATTGACTCAAATCTCCAGTATTCTTGTCAAAAAAAAAAAAAAAAAAGCTCATA
TTTTGTATATATCTGCTTCAGTGGAGAATTATATAGGTTGTGCAAATTAACAGTCCTAAC
TGGTATAGAGCACCTAGTCCAGTGACCTGCTGGGTAAACTGTGGATGATGGTTGCAAAAG
ACTAATTTAAAAAATAACTACCAAGAGGCCCTGTCTGTACCTAACGCCCTATTTTTGCAA
TGGCTATATGGCAAGAAAGCTGGTAAACTATTTGTCTTTCAGGACCTTTTGAAGTAGTTT
GTATAACTTCTTAAAAGTTGTGATTCCAGATAACCAGCTGTAACACAGCTGAGAGACTTT
TAATCAGACAAAGTAATTCCTCTCACTAAACTTTACCCAAAAACTAAATCTCTAATATGG
CAAAAATGGCTAGACACCCATTTTCACATTCCCATCTGTCACCAATTGGTTAATCTTTCC
TGATGGTACAGGARAGCTCAGCTACTGATTTTTGTGATTTAGAACTGTATGTCAGACATC
CATGTTTGTAAAACTACACATCCCTAATGTEHEEGMIEGAGTTTAACACAAGTCCTGTGA
miR-183

ATTTCTTCACTGTTGAAAATTATTTTAAACAAAATAGAAGCTGTAGTAGCCCTTTCTGTG

TESEEEIEE CCAACTTTCTGTAAACTCAAAACT TAACATATTTACTAAGCCACAAGAAAT
miR-18ab
TTGATTTCTATTCAAGGTGGCCAAATTATTTGTGTAATAGAAAACTGAAAATCTAATATT

AAAAATATGGAACTTCTAATATATTTTTATATTTAGTTATAGT TTCAGATATATATCATA
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miR-320
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miR-410
GATTTATAGTTTGTACATGCATTCATACAGGCAGCGATGGTCTCAGAAACCAAACAGTTT
GCTCTAGGGGAAGAGGGAGATGGAGACTGGTCCTGTGTGCAGTGAAGGTTGCTGAGGCTC
TGACCCAGTGAGATTACAGAGGAAGTTATCCTCTGCCTCCCATTCTGACCACCCTTCTCA
TTCCAACAGTGAGTCTGTCAGCGCAGGTTTAGT TTACTCAATCTCCCCTTGCACTARAGT

ATGTAAAGTATGTAAACAGGAGACAGGAAGGTGGTGCTTACATCCTTAAAGGCACCATCT
AATAGCGGGTTACTTTCACATACAGCCCTCCCCCAGCAGTTGAATGACAACAGAAGCTTC
AGAAGTTTGGCAATAGTTTGCATAGAGGTACCAGCAATATGTAAATAGTGCAGAATCTCA
TAGGTTGCCAATAATACACTAATTCCTTTCTATCCTACAACAAGAGTTTATTTCCAAATA
AAATGAGGACATGTTTTTGTTTTCTTTGAATGCTTTTTGAATGTTATTTGTTATTTTCAG
TATTTTGGAGAAATTATTTAATAAAAAAACAATCATTTGCTTTTTGAATGCTCTCTAARA
GGGAATGTAATATTTTAAGATGGTGTGTAACCCGGCTGGATAAATTTTTGGTGCCTAAGA
AAACTGCTTGAATATTCTTATCAATGACAGTGTTAAGTTTCAAAAAGAGCTTCTAAAACG
TAGATTATCATTCCTTTATAGAATGTTATGTGGTTAAAACCAGAAAGCACATCTCACACA
TTAATCTGATTTTCATCCCAACAATCTTGGCGCTCAAAAAATAGAACTCAATGAGAAARA
GAAGATTATGTGCACTTCGTTGTCAATAATAAGTCAACTGATGCTCATCGACAACTATAG
GAGGCTTTTCATTAAATGGGAAAAGAAGCTGTGCCCTTTTAGGATACGTGGGGGARAAGA
AAGTCATCTTAATTATGTTTAATTGTGGATTTAAGTGCTATATGGTGGTGCTGTTTGAAA
GCAGATTTATTTCCTATGTATGTGTTATCTGGCCATCCCAACCCAAACTGTTGAAGTTTG
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142658637 TAGTAACTTCAGTGAGAGTTGGTTACTCACAACAAATCCTGAAAAGTATTTTTAGTGTTT 142658578
142658577 GTAGGTATTCTGTGGGATACTATACAAGCAGAACTGAGGCACTTAGGACATAACACTTTT 142658518
142658517 GGGGTATATATATCCAAATGCCTAAAACTATGGGAGGAAACCTTGGCCACCCCAAAAGGA 142658458
142658457 AAACTAACATGATTTGTGTCTATGAAGTGCTGGATAATTAGCATGGGATGAGCTCTGGGC 142658398
142658397 ATGCCATGAAGGAAAGCCACGCTCCCTTCAGAATTCAGAGGCAGGGAGCAATTCCAGTTT 142658338
142658337 CACCTAAGTCTCATAATTTTAGTTCCCTTTTAAAAACCCTGAAAACTACATCACCATGGA 142658278
142658277 ATGAAAAATATTGTTATACAATACATTGATCTGTCAAACTTCCAGAACCATGGTAGCCTT 142658218
142658217 CAGTGAGATTTCCATCTTGGCTGGTCACTCCCTGACTGTAGCTGTAGGTGAATGTGTTTT 142658158
142658157 TGTGTGTGTGTGTCTGGTTTTAGTGTCAGAAGGGAAATAAAAGTGTAAGGAGGACACTTT 142658098
142658097 AAACCCTTTGGGTGGAGTTTCGTAATTTCCCAGACTATTTTCAAGCAACCTGGTCCACCC 142658038
142658037 AGGATTAGTGACCAGGTTTTCAGGAAAGGATTTGCTTCTCTCTAGAAAATGTCTGAAAGG 142657978
142657977 ATTTTATTTTCTGATGAAAGGCTGTATGAAAATACCCTCCTCAAATAACTTGCTTAACTA 142657918
142657917 CATATAGATTCAAGTGTGTCAATATTCTATTTTGTATATTAAATGCTATATAATGGGGAC 142657858
142657857 AAATCTATATTATACTGTGTATGGCATTATTAAGAAGCTTTTTCATTATTTTTTATCACA 142657798
142657797 GTAATTTTAAAATGTGTAAAAATTAAAACCAGTGACTCCTGTTTAAAAATAAAAGTTGTA 142657738
142657737 GTTTTTTATTCATGCTGAATAATAATCTGTAGTTAAAAAAAAAGTGTCTTTTTACCTACG 142657678
142657677 CAGTGAAATGTCAGACTGTAAAACCTTGTGTGGAAATGTTTAACTTTTATTTTTTCATTT 142657618
142657617 AAATTTGCTGTTCTGGTATTACCAAACCACACATTTGTACCGAATTGGCAGTAAATGTTA 142657558
142657557 GCCATTTACAGCAATGCCAAATATGGAGAAACATCATAATAAAAAAATCTGCTTTTTCAT 142657498
L41.. 40 TATGTGACTCCAACATGCTTTTGTAGAACTTGIACAGITCCGATIGICCAATCTGATTTE - .-’ . '

Figure 3.15: The gDNA sequence of the NR3CI gene surrounding Exon 9 (NM_000176). The coordinate
system is depicted on the left and on the right side of the sequence. -: non-coding sequence. Light blue:
coding sequence. Yellow: 3’-UTR of NR3C1. -: predicted target sites of miRNAs.

TargetScan Version 5.1 predicted 15 potential target sites of miRNAs (Figure 3.15) in the
3’-UTR of the NRC31 gene. Three target sites were predicted for miRNA-124. According to
the results of the in silico investigation, the aim of this study was to test whether the
application of the precursor molecule of miR-137 had any detectable effect on the expression
of MLCI and NR3CI. Furthermore, a part of the NR3CI 3’-UTR gDNA sequence,
encompassing the target sites from miR-183 until miR-410, was cloned into the pMIR-

REPORT vector for subsequent investigation of the predicted miRNA target sites.

3.4.2 MLCI1 protein expression in human CNS-derived cell lines

Before starting the investigation of a certain protein in cell lines, it is generally required to
clarify whether these cell lines reveal endogenous expression of the protein of interest. The
NR3CI1 protein is practically ubiquitously expressed and its expression pattern within CNS-
derived cell lines of human and animal origin is well characterized. Concerning the MLC1
protein, the expression pattern is not yet well characterized among the variety of cell lines.
The glioblastoma cell line U373MG served as a positive control for MLC1; one study had
previously confirmed endogenous expression of MLC1 in this cell line (Ambrosini et al.,
2007). The protein expression pattern of MLC1 was tested in four cell lines (SH-SYSY,
TR14, SK-N-MC, U-373MG).
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Figure 3.16: MLCI protein expression in
human CNS-derived cell lines. SK-N-MC (1-2),
TR14 (3-4), SH-SY5Y (5-6) and U373MG
(7-8). In each lane, 20 ng of total protein were
separated on a 10 % SDS-PAGE. The rabbit
anti-human MLCI1 antibody targets the N-
terminal region of the MLCI1 protein. The
applied primary antibody (Abcam, Cambridge,
UK) was obviously unspecific (multiple bands
on immunoblot). The band with the highest
signal intensity revealed a molecular weight of
160 kDa. The signal intensity of the 160 kDa
band in the cell lines SK-N-MC and U373MG
appeared to be similar (lanes 1-2 and 7-8). The
signal intensity of the SH-SYS5Y) samples (5-6)
was weaker than in those derived from
SK-N-MC and U373MG. The TR14 samples

(3-4) showed the faintest signals.

Two antibodies (Table 2.9) were used for the identification of MLC1 expression in the four
CNS-derived cell lines. Figure 3.16 displays the immunoblot created with the antibody, which
was raised against the immunogenic sequence encompassing the amino acids 180-229 of the
MLCI1 protein sequence (Abcam, Cambridge, UK). Multiple changes of the protocol
(blocking of nitrocellulose membrane with BSA instead of low-fat milk powder, decrease of
antibody concentration from 1:200 in steps to 1:1000, more stringent washing episodes,
elongation of washing episodes) did not yield any improvement. Tejido and colleagues (2004)
described that MLC1 has a lower molecular weight than expected (about 10 kDa less) and that
it obviously forms multimers (Teijido et al., 2004). Apart from our observation that the
immunoblots always resulted in a “bar-code”- like pattern, one could recognize a very intense
signal at a molecular weight of about 160 kDa. Following the explanation given by Teijido
and colleagues (2004), this band could potentially represent a tetramer of MLC1 (Teijido et
al., 2004). However, the immunoblot signals should have been clear without ambiguity to
draw appropriate conclusions. The cell lines U373MG and SK-N-MC and PC12 were used for
further experiments because MLC1 expression both on the mRNA and protein level had been
proven for these cell lines (Ambrosini et al., 2007; Lukk et al., 2010; Henseler, 2010). In
conclusion, the MLC1 protein could not be displayed on immunoblots without ambiguity.
Consequently, the focus of this study was shifted to the investigation of miR-137 effects on

NR3C1 expression for two reasons: 1.) immunoblot analysis of the NR3CI1 protein was
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possible due to the availability of appropriate antibodies. 2.) detectable effects of miR-137 on

NR3CI1 protein expression have not ever been described in any publication before.

3.4.3 NR3C1 protein expression is reduced by miR-137 in cell lines U373MG,
SK-N-MC and PC12

In silico analysis by TargetScan Human release 5.1 predicted one poorly-conserved target site
for miR-137 in the 3’-UTR of NR3CI. One study had shown morphological changes in mouse
embryonic stem cells and modified gene expression subsequent to miR-137 and miR-124
transfections (Silber et al., 2008). The study by Silber and colleagues provided the first
indication for a potential influence of miR-137 on NR3C1 expression. As positive control,
miR-124 was applied because it had been demonstrated to knockdown NR3C1 expression in
human neuronal tissues (Vreugdenhil et al., 2009). One poorly-conserved miR-137 target site
had been predicted for miR-137, thus indicating a possible link of MLCI and NR3CI in the

modulation of mental disorders. The results are illustrated in Figure 3.17.
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Figure 3.17: NR3Cl1 a protein expression is reduced by miR-137 and miR-124 in U373MG and SK-N-MC cells.
Immunoblot analysis was performed to measure steady-state NR3C1 o protein expression levels. The data were
normalized against a-tubulin. The experiments were performed with two biological samples and repeated twice
(n = 4). The addition of 100 nM miR-124 and miR137 led to a decrease of NR3C1 a levels in both cell lines,
albeit not statistically significant.
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These experiments have shown that the application of 100 nM miR-137 lead to a decrease of
NR3C1 a expression in U373MG and SK-M-MC cells. Due to a low number of samples
tested (n = 4) per cell line, the data were did not fulfill the criteria for statistical significance
(p £0.05). Interestingly, the effect of miR-124 was obviously higher in U373MG cells than in
SK-N-MC, leading to a lower NR3C1 a protein expression in U373MG cells. A higher
number of samples and repeated measurements will be needed to validate our findings and to
draw conclusions about the biological effect of miR-137 in U373MG and SK-N-MC cells

respectively.

PC12

The cell line PC12 was used to investigate miR-137 effects in a neuronal phenotype. PC12
cells were differentiated into the neuronal phenotype by NGF prior to experimental use. The

results are displayed in Figure 3.18.
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Figure 3.18: NR3C1 o protein expression is reduced by miR-137 and miR-124 in PC12 cells. Immunoblot
analysis was applied to measure steady-state NR3C1 a protein expression levels. The data were normalized
against alpha-tubulin. The experiments were performed with two biological samples and repeated four times
(n=_8). Bar graph represents means + SEM, post-hoc. Mock vs. miR124, solid line, p < 0.0001 (**%*);
Mock vs. miR137, dashed line, trend effect (p = 0.064).
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As depicted in Figure 3.18, the overall analysis of the different treatments (Mock, miR-124,
miR-137) performing a one way ANOVA led to a highly statistical significant effect
(F(223) =11.57; p < 0.001, n = 8). Post-hoc analysis showed that the addition of 100 nM
miR-124 resulted in a significant decrease of NR3C1 a protein expression level (= 40 %) in
comparison to the Mock condition. There was also the tendency of miR-137 treatment to
downregulate NR3C1 a protein expression at about 20 %, albeit the observed effect did not
reach statistical significance (p = 0.064, n = 4). These results indicate that miR-137 has an
observable influence on the NR3C1 a protein expression in CNS-derived cell lines from
humans and rats. However, a higher number of biological samples and repeated
measurements will be necessary for validation of our results with respect to statistical

significance.

3.44 NR3CI pMIR-REPORT construct

The investigation of in silico-predicted miRNA target sites was planned to be performed in a
reporter gene construct called pMIR-REPORT. The complete 3’-UTR of NR3C1 is too large
for being cloned at once. Hence, a distinct region of the NR3C1 3’-UTR (red box) was cloned
into the pMIR-REPORT vector for downstream analysis of the predicted miRNA target sites
(Figure 3.19).

Human NR3C1 3'UTR

K 0.k 0.2k 0.3k 0.4k 0.5k 0.6k 0.7k 0.8k 0.9 1k 4.1k 1.2k 1.3 1.9k 1.5k 1.6k 1.7k 1.8k 1.9k 2k 2.4k 2.2k 2.3k 2.4k

Gene
Human NR3C1 NM_000176 3" UTR length:2475

an d sites for miRNA fanilies broadly conserved among vertebrates
m niR-204/211 pi-183
M niR-22 miR-18ab
'
1

E-9p/30b/30b-5p/30cde /384-5p

miR=30873
'

Conserved sites for niRNA fanilies conserved only among nannals
miR-328 miR-377

niR-340/340-5p
]

Figure 3.19: TargetScanHuman output of NR3CI 3’-UTR (NM_000176). The red box indicates the fragment
that was cloned into the pMIR-REPORT vector.
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Vreugdenhil er al. (2009) have demonstrated that miR-18 (red box) leads to a reduced
expression of the murine Nr3c/ in NS-1 cells (Vreugdenhil er al., 2009). This kind of
experiment was planned to be replicated with a human NR3CI pMIR-REPORT construct to
confirm the previous findings in human tissue. In addition, the other in silico-predicted
miRNA target sites (miR-183, miR-320/320abcd, miR-300 and miR-410) should also be
biologically validated as no study characterizing their potential effects on NR3CI gene

expression had been published yet.

142660317 CAAAAATGGCTAGACACCCATTTTCACATTCCCATCTGTCACCAATTGGTTAATCTTTCC 142660258
142660257 TGATGGTACAGGAAAGCTCAGCTACTGATTTTTGTGATTTAGAACTGTATGTCAGACATC 142660198
142660197 CATGTTTGTAAAACTACACATCCCTAATGTENEBGMIMGAGTTTAACACAAGTCCTGTGA 142660138
miR-183
142660137 ATTTCTTCACTGTTGAAAATTATTTTAAACAAAATAGAAGCTGTAGTAGCCCTTTCTGTG 142660078
142660077 TEGHGEGEENCCAACTTTCTGTAAACTCAAAACTTAACATATTTACTAAGCCACAAGARAT 142660018
miR-18ab
142660017 TTGATTTCTATTCAAGGTGGCCAAATTATTTGTGTAATAGAAAACTGAAAATCTAATATT 142659958
142659957 AAAAATATGGAACTTCTAATATATTTTTATATTTAGTTATAGTTTCAGATATATATCATA 142659898
142659897 TTGGTATTCACTAATCTGGGAAGGGAAGGGCTACTGCHNGEIMMMMCATGCAATTTATTARA 142659838
miR-320
142659837 ATGATTGTAAAATAGHINGHENGTGTAAAATAAGAATGATTTTTAGATGAGATTGTTTT 142659778
miR-300
142659777 ATCATGACATEHEIEEA T TTTTTGTAGGGGTCAAAGAAATGCTGATGGATAACCTATAT 142659718
miR-410
142659717 GATTTATAGTTTGTACATGCATTCATACAGGCAGCGATGGTCTCAGAAACCAAACAGTTT 142659658

Figure 3.20: 3’-UTR fragment of NR3CI gene (NM_000176). The fragment size is 628 bp. The coordinate
system is depicted on the left and on the right side of the sequence. The primer binding sites are highlighted in
green. The in silico-predicted miRNA target sites are highlighted in red.

The fragment of interest was amplified by PCR with human gDNA as a template and the
previously mentioned primers (highlighted in green in Figure 3.20). The fragment size was
628 bp. The PCR result was unambiguous; the samples containing gDNA yielded high signals
of the expected size on the agarose gel. The negative control (H,0O) did not reveal any signal

as expected (Figure 3.21).
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Figure 3.21: NR3CI 3’-UTR fragment encompassing in silico-predicted miR-410 and miR-183 target sites.
100 ng human gDNA were used for fragment amplification. The samples were separated on a 1.5 % agarose gel.
(1-3) NR3C1 3’-UTR fragments showing expected size of 628 bp. (4) Negative control (H20) template did not
yield any signal.

The PCR fragment was extracted from the agarose gel and validated by restriction digest. The
validated PCR fragment was cloned into the pMIR-REPORT vector. The clones were
investigated by colony PCR; pMIR-REPORT-positive clones were considered for inoculation
of LB medium with subsequent isolation of pMIR-REPORT plasmids. The plasmids were
checked, if they contained the fragment of interest (Figure 3.22).
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Figure 3.22: Colony PCR on selected pMIR-REPORT NR3C/ 3’-UTR clones. The samples were separated on a
1.5 % agarose gel. (1-7) The clones showed the expected fragment at a size of 628 bp. (8) The negative control
(H,0) did not show any signal.

All investigated pMIR-REPORT constructs obviously contained the fragment of interest. For
final validation, the pMIR-REPORT construct was checked by DNA sequencing. The DNA
sequencing confirmed that the cloned NR3CI 3’-UTR fragment did not reveal any mutation
and that it had been inserted both in sense orientation and correct reading frame. Cell culture
experiments with this construct are planned and accomplished by Erno Vreugdenhil and

colleagues at the Department of Medical Pharmacology, University of Leiden (NL).
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4 Discussion

4.1 The chromosome 15q14 locus for bipolar disorder and schizophrenia:
Is C150rf53 a major candidate gene?

Previous linkage studies conducted in our multiplex families segregating periodic catatonia
(SCZD10) revealed linkage to chromosome 15q14-15 (Stober et al., 2001; 2002). Several
putative candidate genes located in this segregating genomic region have already been
excluded (Meyer et al., 2002; 2003; Ekici, 2004; McKeane et al., 2005). A fine-mapping on
chromosome 15q14-15 led to a refinement of the segregating region to a size of 4.38 Mb
(Ekawardhani, 2008). The gene SPREDI, which is located in this genomic region and
expressed in the CNS, could be further excluded as a candidate gene for the pathogenesis of
SCZD10 by mutational analysis of SCZD10-affected individuals in our multiplex families
(Ekawardhani, 2008). Ferreira and colleagues (2008) performed a GWAS on bipolar disorder
(BD) patients of European ancestry and identified three susceptibility loci: ANK3 on
chromosome 10q21 and CACNAIC on chromosome 12p13 with the strongest associations
and a region in proximity of C/50rf53 on chromosome 15q14 (Ferreira et al., 2008). A further
GWAS conducted by Smith and colleagues (2009) on BD patients confirmed two of the
previous susceptibility loci in patients of European ancestry: ANK3 and Cl50rf53 (Smith et
al., 2009). The latter gene is located exactly in the region defined by our SCZD10 families on
chromosome 15q14-15.1. The length of its genomic DNA sequence is 3.44 kb, the gene
consists of two exons and the only characterized transcript has a length of 2,043 bp (Ensembl
genome browser, rel. 66, February 2012). In silico analysis of this gene predicts a putative
protein consisting of 179 amino acids (AA), whose existence has not been biologically
validated yet. Based on findings from our previous studies and the two GWAS both
supporting this locus, the putative candidate gene Cl50rf53 was investigated in this study
with various approaches: 1.) mutation and segregation analysis in multiplex families
segregating SCZD10. 2.) case-control association analyses with individuals diagnosed with
BD or SCZDI10 versus controls and the combination of both cohorts versus controls.
3.) extended gene expression analysis in human cell lines, leukocyte subpopulations and post-

mortem limbic brain tissue.
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The DNA sequencing of Cl50rf53 did not reveal any mutations within the seven tested
SCZD10-affected family members (one person from each family), neither in the proximal
promoter region, nor 5’-UTR, coding regions and intron-exon boundaries. Thus, C150rf53 did
not seem to be causative for the etiology of SCZD10. Nevertheless, a subsequent segregation
analysis was performed in the multiplex families with all available DNA samples. The gene is
rather small with a genomic sequence of 3.44 kb. Three SNPs were chosen for the segregation
analysis: the promoter SNP rs7171233 (T/A), furthermore a SNP located in the first exon,
rs7165988 (C/G) and rs2172835 (C/T), which is located in the only intron and had been
genotyped by Ferreira and colleagues (2008). We identified two haplotypes segregating in our
SCZD10 families: the first haplotype T-C-C, composed of the major alleles of the SNPs, was
segregating in three families (F13, F19 and F24) and the second haplotype A-G-T, consisting
of the minor alleles of all SNPs, was segregating in the other four multiplex families (F5, F9,
F11 and F17; experimental work accomplished by Michelle Lin, Hans Bauer and Ulrike
Schuelter). This result confirmed that the three investigated SNPs in CI150rf53 are in high
linkage disequilibrium (LD) in our families, since no other haplotype occurred among our

family members.

The genotyping of the three SNPs in 203 BD and 71 SCZD10 individuals revealed that the
common haplotype T-C-C had a prevalence of 61 % and the rare haplotype A-G-T one of
32 %. The other calculated haplotypes had a prevalence of less than 2 % respectively and
were not considered for analysis. The LD plots by Haploview revealed a high LD in the BD,
the SCZD10 and the combined sample. The case-control association analysis yielded negative
results. None of the haplotypes was associated with BD, SCZD10 or the combined samples.
Additionally, the single markers were not associated with BD, SCZD10 or the combined
samples. The unambiguous interpretation of our findings is impossible due to the lack of
statistical power. The number of individuals in the tested samples was too low; hence it
cannot be excluded that the results of the case-control association study were false-negative.
There exist further explanations for this phenomenon that are equally probable. A general
problem that occurs with association studies of biologically unrelated subjects is the
unpredictability of the exact effect sizes that single markers or haplotypes deliver. Effect sizes
of alleles detected in GWAS are considered to be predominantly small (Thapar et al., 2009).
However, the individual samples diagnosed with BD and SCZD10 have been exclusively
recruited in the area of Wiirzburg. Thus, the probability of population stratification is rather

low. Hypothesis-based association studies with patient samples of comparable sizes, which
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originated from the same geographic region, had been successfully conducted in the past
(Meyer et al., 2005; de Bakker et al., 2005; Selch et al., 2007). Hence, the case-control
sample might have been of sufficient size to detect reasonably strong gene effects, which
reveals itself in the SCZD10 multiplex families. The fact that we were unable to detect any
association albeit investigating a genetically highly homogenous group of individuals allowed

the conclusion that the effect sizes of all three investigated SNPs has to be rather low.

Extensive screening in databases providing information about gene expression such as NCBI
and EMBL only delivered very few information concerning Cl/50rf53. The function and
regulation of C150rf53 is largely unknown. The cDNA of this gene has been first isolated in
2002 by the Mammalian Gene Collection (MGC), GenBank: BC119810.1 (Strausberg et al.,
2002) and in parallel, by the “full-length long Japan” (FLJ) collection (Ota et al., 2003). Its
existence has been confirmed in further studies for human spleen tissue (Kimura et al., 2006),
the immune system and at extremely low abundance in whole human brain samples, while
human limbic brain samples have not been explicitly analyzed (Dezso et al., 2008). In our
study, we confirm that C/50rf53 is expressed in the human immune system but not in the
human limbic brain (amygdala, hippocampus, inferior gyrus, cingulate gyrus and nucleus
accumbens). The very low abundant gene expression of Cl50rf53 reported by Dezso and
colleagues (Dezso et al., 2008) and the undetectable gene expression in human limbic brain
tissues do not support a major impact of this gene in the human brain functions and the
etiology of psychoses. The question remains, why Deszo and colleagues (2008) detected a
very low abundant gene expression in their post-mortem brain tissue samples and in our study,
we did not. We had not extracted and processed the human post-mortem brain tissues
ourselves; thus we were dependent on the accuracy and speed of the pathologists that had
performed the brain extraction and cutting into cubes. The most critical phase is the time
delay from the time of death until the time of extraction and immediate ultra-deep freezing.
The amount of mRNA molecules decreases once the patient is dead and gene transcription
stops. Furthermore, mRNA molecules are not thermostable and sensitive towards RNases,
which are highly present on human skin. Genes revealing a low transcription rate could not be
identified because their transcripts would have degraded at the time of investigation due to
time delay, temperature of the tissue and slight contaminations with RNases at the time of
extraction. Hence, it is possible that C/50rf53 is in fact expressed in human limbic brain
tissues and due to degradation of C/50rf53 transcripts in our brain samples we were unable to

detect those. The extent of mRNA degradation prior to conversion into cDNA is difficult to
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evaluate; our quantitative PCR on GAPDH, a high abundant housekeeping gene, had proven
that the mRNA had not been completely degraded prior to conversion into cDNA. However,
it is possible that the C150rf53 gene had been active in our investigated brain samples and due
to the multiple processing steps, the transcripts had degraded and thus the gene expression
analysis delivered a false-negative result. Another scenario is possible to explain, why Deszo
and colleagues identified C150rf53 expression in their brain samples. Maybe C150rf53 is in
fact not expressed in the CNS. Hence, the detection of C/50rf53 gene expression in human
brain tissues could be explained by slight contaminations of their samples with blood and
rapid subsequent processing of their tissues for gene expression analysis. Hence, a false-
positive result could be possible. The human brain is a highly perfused organ with a blood
flow of 1000 ml / min and a constant blood volume of about 100 ml (Walters, 1998). Once the
human brain is extracted and cut into appropriate samples, a contamination with blood is
practically inevitable. Since we have proven in this study that C/50rf53 is expressed in
leukocyte subpopulations, the detection of C150rf53 gene expression in human brain samples
by Deszo and colleagues could be due to blood contamination. Furthermore, due to the high
sensitivity and fidelity of microarrays used by Deszo and colleagues, the risk of receiving
false-positive gene expression signals is relatively high (Vartanian et al., 2009). Most of the
studies on gene expression profiling in psychiatric disorders only focus on gene expression in
peripheral sources in a case-control design (Gladkevich et al., 2004; Segman et al., 2005;
Tsuang et al., 2005; Bowden et al., 2006; Hu et al., 2006; Numata et al., 2007; Hu et al.,
2009a; Hu et al., 2009b). The contamination problem remains, especially when PBMCs are
compared with different target tissues. One example is the study by Rollins and colleagues
(2010). Seeking valid and robust biomarkers for psychiatric disorders, they compared the
gene expression pattern of PBMCs and distinct brain tissues. Contamination of brain tissue
with whole blood seems to be an ubiquitary problem that leads to biased findings in gene
expression analyses. As a control experiment, they perfused rats with saline prior to brain
tissue dissection. Subsequent to this procedure, the gene expression pattern of genes
expressed both in brain and PBMCs did not differ significantly, but it revealed that
contamination by PBMCs indeed is a given fact that should not be ignored (Rollins et al.,

2010).

In our study, none of the analyzed brain regions revealed expression of Cl5orf53. If
contamination with PBMCs had played a significant role, one could assume that C150rf53

expression should have been detected. This would be a limited point of view. In fact, a
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contamination with PBMCs in the investigated brain tissues is highly probable. C1507f53 is
obviously expressed at such a low level even in PBMCs that the total amount of transcripts
available in the target tissues is limited. Based on the fact that C150rf53 expression could be
neither detected in post-mortem human limbic brain tissues nor in human CNS-derived cell
lines, it is highly improbable that C150rf53 is expressed in a large scale in the human CNS.
The ability to amplify the housekeeping gene GAPDH emphasizes that the cDNA quality was
acceptable, albeit GAPDH is expressed at such high levels due to its key function in

glycolysis that its “marker” quality for cDNA integrity has to be considered carefully.

The most recent version of TargetScan Human (release 6, November 2011) predicted target
sites for miR-34a and miR-449 in the 3’-UTR of C/50rf53. To date, these miRNA target sites
have not been experimentally validated yet. Therefore, the dimensions of their potential
functionality remain unclear. However, miR-34a seems to be targeted by p53 (Chang et al.,
2007; Aranha et al., 2011; Choi et al., 2011) and miR-34a is involved in the differentiation of
mouse embryonic stem cells (Aranha et al., 2011). Furthermore, its expression is decreased in
mutant-p53 gliomas (Guessous et al., 2010; Luan et al., 2010). These studies underline the

implication of miR-34a in necessary regulatory functions in the CNS.

It is known about miR-449 that it is a key regulator of vertebrate multiciliogenesis (Marcet et
al., 2011). Furthermore, this miRNA is downregulated in gastric cancer (Bou Kheir et al.,
2011). Interestingly, there is also a link of miR-34a and miR-449 to schizophrenia and BD.
Transcriptome analysis in the prefrontal cortex of patients diagnosed with schizophrenia and
BD showed a dysregulation of miR-34a and miR-449 compared to controls (Kim ez al., 2010).
Wistar rats administered with the mood stabilizers valproate and lithium demonstrated a
reversible change in gene expression of miR-34a. Hence, miR-34a is a potential effector of
psychotherapeutic medication (Zhou et al., 2009). In another study by Lai and colleagues
(2011), miR-34a was correlated with the negative symptoms of schizophrenia (SCZ) and it
was even suggested as a potential biomarker (Lai et al., 2011). These studies support the
assumption that C150rf53 is involved in a not yet characterized network of genes, which

influence the occurrence of schizophrenia and/or BD.
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4.2 Transmission disequilibrium test (TDT) of OXTR with parents—child
trios with ASD-affected child

Children diagnosed with ASD show mannerisms in social interaction, deficits in
communication and stereotypical behaviors (Levy et al., 2009). The peptide hormone
oxytocin (OXT), which is synthesized in the nucleus paraventricularis (PVN) in the
hypothalamus and stored in the posterior pituitary gland, is responsible for a variety of
physiological processes in humans, among those parturition, lactation and the formation of the
mother—child bonding (Heinrichs and Domes, 2008; Lee et al., 2009). OXT acts by binding to
the oxytocin receptor (OXTR), which belongs to the G-coupled receptor protein family
(Gimpl and Fahrenholz, 2001). It is expressed in the endo and myometrium of the uterus, the
mammary gland and in the CNS. Due to the obvious social deficits that patients with ASD
exhibit, OXTR as the facilitator of oxytocin effects became a candidate gene in ASD research.
A number of association studies on OXTR with ASD (Wu et al., 2005; Jacob et al., 2007,
Lerer et al., 2008; Liu et al., 2010) as well as functional studies on oxytocin knockout mice
(Winslow and Insel, 2002; Modi and Young, 2012; Pobbe et al., 2012) corroborate the
implication of the OXT-OXTR system in the pathogenesis of ASD. In one study, the OXTR
protein expression in different brain regions in rats was analyzed, among those the olfactory
bulb, prefrontal cortex, hippocampus and the striatum. The OXTR protein expression level
was associated with the licking behavior of low licking (LL) and high licking (HL) rats. LL
mothers revealed a significantly higher expression of OXTR in the olfactory bulb and in the
hippocampus. In the maternal aggressive behavior test, the HL mothers showed a higher
biting frequency in comparison to LL mothers, supporting the importance of the OXTR gene

for the modulation and its influence on behavior (Ruthschilling et al., 2012).

In this study, a TDT of five SNPs of OXTR was conducted in parents-child trios with ASD-
affected children. The SNPs rs2268494, rs2254298, rs237889 and rs237897 were chosen
because they had already been tested in previous association studies on ASD (Wu et al., 2005;
Lerer et al., 2008). The non-synonymous coding SNP rs4686302 (pAla218Thr) was chosen
on our own from the Ensembl database. The single marker allele and putative haplotype
effects were estimated with two different bioinformatics tools for family-based association

studies, Haploview 4.2 and UNPHASED. The intelligence quotient (IQ) was examined in all
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ASD-affected children and calculations were performed in two groups: the complete cohort

and trios with children revealing an IQ above 70.

In contrast to previous association studies of OXTR with ASD (Wu et al., 2005; Jacob et al.,
2007; Lerer et al., 2008; Liu et al., 2010), none of our tested SNPs revealed association with
ASD in our cohort. Exclusively for SNP rs2268494, a tendency for association (p = 0.08) with
a protective effect (OR = 0.54 for T allele) was calculated by both Haploview 4.2 and
UNPHASED in the complete cohort and solely with Haploview 4.2 in the IQ > 70
subpopulation. The other four investigated SNPs did not even show a tendency to association,
neither in the complete cohort, nor in the 1Q > 70 subpopulation. The finding that rs2268494
revealed a tendency for association with ASD matched with the results of Lerer and
colleagues (2008), who also described an association of this SNP with ASD (p=0.011) in
152 ASD subjects from 133 families after TDT (Lerer et al., 2008). This SNP had
additionally been associated with the trait “empathy” in a cohort of non-related Chinese
subjects (Houenou ef al., 2012). These subjects, like ours, had also been diagnosed according
to ADI-R and ADO-S. In our study, more subjects (n = 203) were investigated than in the
study of Lerer and colleagues. The IQ > 70 subpopulation (n = 139) did not reveal any
different result for rs2268494 in comparison to the complete cohort, if the calculations were
performed with Haploview 4.2. The calculations done with UNPHASED in this
subpopulation did not reveal any tendency to association for rs2268494 (p = 0.4131). The
different data is explained by the different sample sizes and algorithms. The data of the
IQ > 70 subpopulation are derived from trios of 139 families. Among these 139 families,
there had been only 90 complete trios, the rest consisted of singletons. Haploview 4.2
accomplished its calculations solely based on the 90 complete trios because it cannot calculate
with singletons or incomplete trios. The 52 singletons were not taken for TDT calculation,
whereas UNPHASED simulated the accordant missing genotypes of the incomplete trios and
singletons to make them complete. Hence, although both tools are used for TDT calculations,
the calculations performed with UNPHASED are supposed to be more informative (Christine

M. Freitag, personal communication) due to the larger amount of data that are used.

The bottom line is that both tools, Haploview and UNPHASED, did not identify any
association of rs2268494 with ASD. The reason why rs2268494 is associated with ASD in the
cohort of Lerer and colleagues (2008) and in our cohorts we did not find an association can be

explained as follows: 1.) we did not know the precise diagnostic criteria that Lerer and
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colleagues (2008) applied during the recruitment of their patients. The endophenotyping of
the cohorts were completely unknown to us. There could be slight differences of the
diagnostic stringency that could explain the different results, although similar cohort sizes
were considered for association analysis. The reliability of these diagnostic procedures is
generally problematic as ADO-S and ADI-R are interview-based and dependent on the
observation of the patient. Clinicians evaluate similar behaviors with different cut-off scores,
thus there is a chance of a bias. 2.) Nothing is known about potential population stratification.
Lerer and colleagues (2008) recruited their cohort in Israel. According to our knowledge, the
share of genetic identity in Israel is very high due to cultural and religious reasons (Atzmon et
al., 2010). However, unknown and minor population stratification in our cohort could explain

the different association results.

The calculation of haplotype main effects by UNPHASED in the complete cohort resulted in
one haplotype, 1s2268494 (A) — rs237889 (G), which showed a tendency to association
((*=6.92, df = 3, p = 0.07). Lerer and colleagues did not report the occurrence of this
haplotype in their study. The haplotype rs2268494 (A) — rs2254298 (C) revealed the highest
transmission frequency in the complete cohort (T-freq: 0.84), but did not reach the level of
statistical significance (p = 0.18). In the cohort of Lerer and colleagues, the same haplotype
also revealed the highest frequency (T-freq: 0.63) and was significantly associated with ASD
(p = 0.023). Another haplotype, rs2268494 (T) — rs2254298 (C), occurred both in our
complete cohort as well as in the study by Lerer and colleagues. In the study by Lerer and
colleagues, it was significantly associated with ASD (p = 0.012) and showed a minor
transmission frequency (T-freq: 0.17). In our complete cohort, this haplotype had the lowest
transmission frequency (T-freq: 0.04) and was not associated with ASD (p = 0.18). However,
one haplotype occurred in the complete cohort, rs2268494 (A) — rs2254298 (T), which had
not been reported by Lerer and colleagues. In the complete cohort, this haplotype revealed the
second highest transmission frequency (T-freq: 0.10). The previously mentioned haplotypes
also occurred in the IQ > 70 subpopulation, the transmission frequencies were almost exactly
the same and there was also no association of any haplotype with ASD (p = 0.39). Another
haplotype composition that occurred in the study by Lerer ef al. and ours consisted of the
SNPs 152268494, 1s2254298 and rs237889. Neither in our complete cohort nor in the IQ > 70
subpopulation, these haplotype compositions reached the level of statistical significance
(complete cohort: p = 0.14; IQ > 70 subpopulation: p = 0.19). The cohort of Lerer et al.
revealed association with ASD for two haplotypes (rs2268494-rs2254298-rs237889): T-C-A
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(T-freq: 0.16, p = 0.004) and A-C-A (T-freq: 0.27, p = 0.011). In both of our samples, the
haplotype A-C-A showed the second highest transmission frequency (T-Freq
[complete cohort]: 0.32; T-freq [IQ > 70 subpopulation]: 0.30). These results are very close to
those of Lerer and colleagues. The haplotype T-C-A also appeared in both of our tested
populations at a very low abundance (T-freq [complete cohort]: 0.04; T-freq
[1Q > 70 subpopulation]: 0.05). In the cohort of Lerer et al., this haplotype was much more
frequent (T-freq: 0.16) and in contrast to our calculations, it was associated with ASD
(p =0.004). While Lerer and colleagues only reported two haplotypes built from these SNPs,
we detected five (IQ > 70 subpopulation) and six (complete cohort) haplotypes with
UNPHASED. In our cohorts, the haplotype A-C-G revealed the highest occurrence (T-Freq in
both samples: 0.51). In the study by Lerer and colleagues, this haplotype only existed as a part
of extended haplotypes with at least five markers with very low abundances (T-freq < 0.06).
Furthermore, in our study we detected both variants of rs2254298 (C/T) in haplotypes. Lerer

and colleagues exclusively reported the occurrence of the major allele (C) in haplotypes.

In our study, none of the single markers was associated with ASD. Exclusively rs2268494
(T/A) revealed tendency to association (p = 0.08) in our complete cohort. This SNP was
associated with ASD in the study by Lerer and colleagues (p = 0.0117). None of the other
existing association studies (Wu et al., 2005; Jacob et al., 2007; Liu et al., 2010; Wermter et
al., 2010) of OXTR with ASD had tested this SNP in their cohort. The A allele of SNP
rs2254298 had been associated with ASD in a Chinese and a Japanese cohort (Wu et al.,
2005; Liu et al., 2010). In an association study on a Caucasian sample, the G allele of this
SNP was associated with ASD (Jacob et al., 2007). In our study, this SNP did not reveal any
tendency to association with ASD (complete cohort: p = 0.39; IQ > 70 subpopulation:
p =0.36). This SNP had additionally been associated further traits: unipolar depression (Costa
et al., 2009), amygdala volume (Furman et al., 2011), loneliness in adults (Lucht et al., 2009)
and physical as well as social anxiety (Thompson et al., 2011). Brune (2012) discusses in his
review that there is a high evidence for an evolutionary advantage of the non-ancestral A
allele of rs2254298. Due to its association with increased amygdala size and the link of the
amygdala with social complexity, it appears to be plausible that there is a positive selection
mechanism (Brune, 2012). The other three SNPs that we tested in our cohort (rs237889,
rs237897 and rs4686302) were neither associated with ASD in our samples nor did they
reveal any association in the studies on ASD patients of Japanese, Chinese, Caucasian and

Israeli origin.
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Interestingly, in our study it became obvious that the item “IQ” shifted the tendencies of
association within the haplotype compositions. In our complete cohort, the haplotype
compositions rs2268494 — rs237889 showed a tendency to association (p = 0.07) and in the
IQ > 70 subpopulation, this tendency disappeared completely (p = 0.33). In the IQ > 70
subpopulation, the haplotype composition rs2254298 — rs237889 revealed a tendency to
association (p = 0.09), which did not occur in the complete cohort (p = 0.14). Both of these
haplotypes were not explicitly tested in the study by Lerer and colleagues. Obviously, the
factor “IQ > 70” has an effect on both single marker as well as haplotype associations with
ASD. Furthermore, the association studies in different populations (Japanese, Chinese,
Caucasian, Israeli) demonstrated for rs2254298 (C/T) that either the major allele (Lerer et al.,
2008) or the minor allele (Wu et al., 2005; Liu et al., 2010) was overtransmitted to ASD-
affected patients. The findings about the variable allele frequencies in these studies underline
the importance of a very homogenous population sample with respect to ethnical origin to

enable comparability of association studies.

The definition of clear endophenotypes is mandatory for meaningful research on ASD. The
LD outputs by Haploview indicate that these SNPs are in high linkage disequilibrium in our
cohorts. In fact, there are two linkage blocks, one consisting of the SNPs rs2268494 —
1s2254298 — 237889 (Intron 3) and the other one consisting of the SNPs rs4686302 —
rs237897 (located in Exon 3 and in proximity to exon 3 — intron 3 boundary). This is
supported by data on the CEU sample available in the HapMap project (version 3, release 27).
Thus, the identification of the same or similar haplotypes matches with the results by Lerer

and colleagues.

However, we could not find any association of a single SNP or a haplotype with ASD in our
cohort. We could not reproduce any finding of other association studies in different
populations. Three explanations are probable for the missing association of OXTR in our
cohort with ASD: 1.) we lack the information about the exact diagnostic procedures from the
other studies. 2.) different endophenotyping in the other studies and a putative population
stratification in our sample. 3.) the sample size of our cohort was too low to identify possible
associations although tendencies were already detectable for one SNP and two haplotype

blocks.
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4.3 Identification of homologous recombinant Micl embryonic stem cells

Previous studies on MLCI in humans and its orthologue in mice indicate that this gene
remains a candidate gene for the etiology of SCZD10. To date, no constitutive Mlcl knockout
mouse is available. The knockout vector for the creation of a constitutive Mlcl knockout
mouse model had already been set up in our facilities (Ekawardhani, 2008). We submitted this
vector to the Department of Clinical Neurobiology, University of Wiirzburg, which is already
experienced in the creation of knockout mice. The transfected and selected ES were delivered

to our department to identify homologous recombinant clones.

Transgenic organism models are highly valuable tools for research. Especially the discovery
and development of transgenic mice (Capecchi, 1989) has opened huge possibilities for
researchers around the word to investigate genes of interest. The genetic similarity of mice
and humans in combination with easy handling and fast reproduction makes them the ideal
candidate organisms to work on. The verification of the applied knockout vector construct,
pMLC1_KO_mod (Figure 2.4), revealed that there were no problems with respect to its
assembly and sequence validity. Two striking points that limited the success of this study
were the generally low gDNA abundance and the unequal distribution of ES among the single

wells. The gDNA content was below the measurement range of the spectrophotometer.

The detection of recombinant ES gDNA by southern blot requires a minimum gDNA amount
of 5 ug (Brown, 2001). The low amount of gDNA in all of the tested wells did not allow
detection by southern blot (< 100 ng in total). Hence, the appropriate technique was PCR to
amplify the low abundant gDNA. Personal communication with experienced scientists from
the Department of Clinical Biology in Wiirzburg (Michael Glinka, personal communication)
and from the Department of Psychiatry, Psychosomatics and Psychotherapy in Wiirzburg
(Lisa Gutknecht, personal communication) confirmed the adequacy of this technique. The
first step was to find a method to validate an appropriate gDNA amount in the single wells. A
PCR amplifying the gene Serpina6 was considered for validation of sufficient gDNA amount.
As expected, many samples did not show enough gDNA material and were not considered for
further analysis. Those samples that revealed a sufficient amount of ES gDNA were
investigated for the presence of aberrant Mlcl sequences in the ES genome. This procedure

was divided in two parts: 1.) detection of the aberrant Micl sequence (pMlcl_KO_mod) in
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the ES genome (recombination). 2.) identification of homologous recombination in the ES

genome.

The knockout vector sequence could be identified in about seventy percent of all investigated
samples. The other thirty percent of the samples did either not contain sufficient gDNA or
even none. First of all, the detection of the pMlcl_KO_mod sequence in the ES genome
indicated that the electroporation had been successful and recombination had occurred. The
next step was the identification of homologous recombination. Smithies and colleagues who
had inserted DNA sequences into the human beta-globulin locus reported that the homologous
recombination frequency is about 1:1000 (Smithies er al., 1985). The homologous
recombination frequency is defined as the amount of homologous recombination events per
number of ES. Hence, in statistical terms there occurs exactly one homologous recombination
in 1,000 ES. This value appears to be a very optimistic estimation as further studies on gene
targeting report recombination frequencies that are far less. Estimations on homologous
recombination frequencies vary between 1:1,000,000 and 1:10,000 (Deng and Capecchi,
1992; Fujitani et al., 1995). The authors of these studies explain this huge variance by the
length of the homology sequences that were used during knockout vector assembly. There is a
linear relationship between homology length and recombination frequency, if the homology
arms have a length between 2 and about 14 kb. Beyond that size it obviously reaches the level
of saturation (Deng and Capecchi, 1992). The highest efficiency of gene targeting was
achieved once the short homology arm had a length in between 1 and 2 kb and the long
homology arm a length of 5 to 6 kb (Hasty et al., 1991). The short arm of our knockout vector
had a size of 1.2 kb and thus it perfectly fulfilled the recommendations from literature. The
long arm with a size of 4.8 kb was slightly shorter than recommended. Anyhow, this only
allows the assumption that the efficiency of homologous recombination could be lowered but
not completely abolished. Another important fact that influences recombination success is the
avoidance of repetitive DNA elements within the homology arms (Wu et al., 2008).
Repetitive DNA sequences, such as CpG islands or microsatellites negatively affect the
homologous recombination success as they lower the degree of homology of the homology
arms to their target sites. The higher the degree of repetitive DNA within the knockout
construct vector, the higher the probability of unspecific recombination occasions in the target
genome. We could even exclude this option in our applied knockout vector construct; neither
CpG islands nor extended microsatellite elements could be detected within the homology

arms. There remain three reasonable explanations for the failure to identify a homologous
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recombined clone: 1.) the DNA isolation procedure never yields all available molecules.
Maybe, those ES containing the homologous recombined genome got lost. This assumption is
supported by the fact that the rate of homologous recombination can be considered to be very
low in average; a recombination rate of 1:1,000,000 is obviously very realistic (Hasty et al.,
1991; Deng and Capecchi, 1992; Fujitani et al., 1995). 2.) homologous recombination did not
occur in any of the investigated cells. This is rather speculation than empirical knowledge; it
can neither be proven nor denied for sure. Nevertheless, from a statistical point of view it is
possible that in the investigated cells, homologous recombination did not occur (Fujitani et
al., 1995). Random recombination is favored up to 10,000x over specific, which supports our
assumption (Hasty et al., 1991; te Riele et al., 1992; Lodish, 2000). 3.) specific recombination
occurred but remained undetected. This assumption could also be explained by the low
abundance of specific recombination events in ES. The detection of specific recombination
requires a PCR reaction that is highly sensitive to detect even the least abundance of
recombined target DNA. Considering that the abundance of recombined DNA is extremely
low and that the total number of samples tested was less than 1,000 colonies, this scenario
could also explain why a positive clone could not be identified. In the end, it is proverbially
impossible to accomplish a detailed troubleshooting, especially because the ES
electroporation and selection process had not been performed in our facilities. The low ES
gDNA in each of the investigated wells indicates that the propagation of ES had not been

performed sufficiently before they were distributed into the 96 well plates.

We have not been able to identify homologous recombined ES clones in our samples.
However, in the meantime the availability of MlcI-knockout positive stem cells has been
reported. The International Knockout Mouse Consortium (IKMC,
http://www.knockoutmouse.org) announced the availability of homologous recombinant and

quality-controlled ES (KOMP-CSD project ID: 32104 and KOMP-Regeneron project

ID: VG12047). The IKMC performs mutations of all characterized protein-coding genes by
high-throughput BAC recombineering techniques; about 9,000 conditional targeted alleles
have been produced up to now (Skarnes et al., 2011). The genetic background of these ES
differs from ours. We used the ES from the common mouse strain for genetic manipulation,
129/0la, whereas the IKMC used ES derived from mouse strain C57BL/6N. The strain
C57BL/6N is supposed to be the best characterized inbred mouse strain and at the same time,
it is the reference strain for the mouse genome sequence (Waterston et al., 2002). Both

projects of the IKMC offer the microinjection of the targeted ES into blastocysts; the
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customer is guaranteed to receive a litter of weaned pups including at least one male 50 %
plus chimera for further cross-breeding in your own facilities for null allele production. Thus,
the way to the Mlcl knockout mouse has been abbreviated and within the near future, Micl
knockout mice could be available for behavioral, morphological and histological

investigations.

4.4 The expression of the NR3C1 protein is decreased by miR-137 in
CNS-derived cell lines

Gene expression is a complex process, which is regulated by a variety of factors.
Modifications of mRNAs and proteins are important processes in gene expression: post-
transcriptional modifications such as RNA processing and post-translational modifications
such as glycosylation. These modifications define both mRNA targeting and protein
solubility. The characterization of another process modifying gene expression has emerged
since the beginning of this century: RNA interference (Zamore et al., 2000; Bagasra and
Prilliman, 2004; Siomi and Siomi, 2009). The mRNA amount can be exactly regulated by

RNA interference and thus, the availability and amount of proteins in an organism.

One mechanism of RNA interference is the targeting of mRNAs by miRNAs. Specific
miRNAs hybridize to their target mRNAs and initiate mRNA degradation. This enables the
regulation of the target mRNA availability and consequently, the amount of target protein. To
date, no study has been reported that investigated the effect of miRNAs on MLCI gene
expression and its orthologues. MLC1 is supposed to be contributing or even causative for the
etiology of SCZD10 in our families. Due to the lack of the Mlcl knockout mouse model,
MLCI and its rat orthologue were supposed to be knocked down by miR-137 in CNS-derived
cell lines. In addition, the concomitant effects of miR-124 and miR-137 on gene expression of
NR3CI and MLCI including their orthologues were tested. Psychiatric disorders are notably
triggered by environmental factors. Long-term psychological and physical stress is accepted
as one major influential factor for their pathogenesis (Akil, 2005; de Kloet et al., 2005;
Billing et al., 2012). NR3C1 is the main receptor molecule for cortisol in mammals and thus
the ideal candidate gene to measure stress effects in heterologous systems such as mammalian

cell cultures and in animal studies.
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The Figures 3.14 and 3.15 illustrate the 3’-UTR of human NR3C1 and MLCI. Conspicuously,
exclusively one miRNA target site (miR-137) was predicted for MLC1, whereas for NR3C1,
fifteen miRNA target sites were predicted. The first task was the characterization of the
protein expression of MLC1 and its orthologues in CNS-derived cell lines. As Figure 3.16
depicts, the applied commercially available polyclonal antibodies directed against human
MLCI1 constantly gave a high noise. Various changes in the protocol and the application of
different antibodies did not lead to an improvement of the MLC1 immunoblot results. Hence,
we exclusively investigated the effects of miR-137 on the gene expression of NR3C1 and its
orthologue. In the human neuroblastoma cell lines U373MG and the neuronal cell line ~ SK-
N-MC, miR-137 led to a non-significant decrease of the NR3C1 protein level (Figure 3.17).
The addition of miR-124, which had been previously described to decrease the NR3C1
protein expression effectively (Vreugdenhil et al., 2009), confirmed the realiability of the
transfection process. The decreasing effect of miR-137 on NR3C1 protein expression in both
cell lines was just about 15 %. The effect of miR-124 was obviously higher; about 17 %
reduction of NR3C1 protein expression in U373MG cells and 22 % in SK-N-MC cells. Due to
the low sample number (n = 4), a proper statistical analysis was not accomplishable and
therefore, these results only provide an indication of miR-137 effects. For the neuronal rat cell
line PC12, the effect of miR-137 on NR3CI1 protein level almost reached the level of
statistical significance (p = 0.064) with a knockdown effect on NR3C1 expression of 18 %.
The knockdown effect of miR-124 on NR3C1 protein expression was highly significant
(p =0.001) and considerably high with 42 %.

The evidence derived from our cell culture experiments is supported by a study of Silber and
colleagues (2008), who investigated diverse glioblastomal multiforme cell lines (U87 and
U251) with respect to their endogenous miRNA expression. In these cell lines, miR-124 and
miR-137 are downregulated in comparison to the steadily expressed miRNA let-7a. Treatment
of these cell lines with the DNA demethylating agent 5-aza-2’-deoxycytidine (5-aza-dC) led
to an increase of miR-137 expression, which indicates the epigenetic modification of
transcriptional regulatory sequences. A further finding of Silber and colleagues was the
influence of miR-137 on cell cycle arrest and the regulation of neuronal differentiation due to
its knockdown effect on CDK6 expression (Silber et al., 2008). In adult hippocampal
neuroprogenitor cells derived from E18 mice, in situ hybridization targeting miR-137
revealed a high expression in the dentate gyrus and in the molecular layer. Overexpression of

miR-137 in neurons leads to high expression levels of doublecortin (DCX, a marker for
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immature neurons). Furthermore, the ubiquitin ligase MibI, which is known to be involved in
neurogenesis and -development, was confirmed to be targeted by miR-137 (Smrt et al., 2010).
Hence, miR-137 obviously modifies gene expression of those genes involved in neuronal
formation and synaptic plasticity. Further evidence is provided by the loss of function of the
maternal allele of the gene UBE3A, which leads to the Angelman syndrome. This syndrome is
mainly characterized by motor dysfunction and mental impairment. The lack of UBE3A
protein results in affected spine morphology, length and number in pyramidal neurons of the
hippocampus (Dindot et al., 2008). Sun and colleagues (2011) conducted in wutero
electroporation of miR-137 into embryonic mice and identified a decrease of neural stem cell
development and differentiation because miR-137 acts on the histone deacetylase complex
gene KDMIA (Mittal et al., 2007). Further experiments will be required to elucidate the
further target genes and effects of miR-137. Previous studies describing that miR-137 affects
gene expression of various genes and our own findings about miR-137 affecting NR3C1
protein expression in CNS-derived cell lines indicate that this miRNA is important for the

regulation of neurogenesis and neuronal development.

In summary, the data collection from the three different experiments in CNS-derived cell lines
of human and rat origin confirm that miR-137 affects protein expression of NR3C1 and its
orthologue. Especially the results from experiment with PC12 cells, which are able to mimic a
neuronal phenotype after differentiation with nerve growth factor (NGF), appear very
promising and convincing (Figure 3.18). Future experiments with higher sample numbers will
provide confirmation for statistical robustness. At the time the study was accomplished,
TargetScan Human predicted one target site of miR-137 in MLCI, but none for NR3CI. In
contrast, the most recent version of TargetScan Human, version 6.0 (November 2011),
predicted a target of miR-137 in NR3CI. The target site of this miRNA perfectly matched
with the target sequence (7mer). Thus, the tendency to a significant knockdown effect of
miR-137 on NR3C1 protein expression provides a good indication for the validity of the in
silico predicted target site. However, the same miRNAs target the 3’-UTRs of several genes;
our experiments only allow a correlation and not a causal relationship of the miR-137 effects
on NR3CI1 protein expression (Lim et al., 2005; Lee et al., 2007; Zhang and Su, 2009). At
this time it is impossible to determine, whether the miR-137 effects on NR3CI and its rat
orthologue are direct or indirect. Possibly it is a network of genes interacting with each other
and thus finally downregulating NR3CI expression. Reporter gene assays containing the

miR-137 target sites of both genes will be required to validate our previous results and to
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answer the question, whether there is an immediate effect of miR-137 on NR3C1 and MLCI
gene expression (Vreugdenhil et al., 2009; Smrt et al., 2010).
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4.5 Summary

The gene Cl50rf53 was comprehensively investigated. The association study with bipolar
disorder (BD) and SCZDI10 individual samples did not show any association of single
nucleotide polymorphisms (SNPs) in Cl50rf53 neither with BD or SCZDI10, nor the
combination of both samples. The mutational analysis of C/50rf53 in seven SCZD10-affected
individuals from multiplex families did not reveal any mutations in the 5’ untranslated region,
the coding region and the intron-exon boundaries. The gene expression data revealed that
Cl50rf53 is expressed in a subpopulation of leukocytes, but expression was not detectable in
human post-mortem limbic brain tissue. According to the results of these studies, C150rf53 is

unlikely to be a strong candidate gene for the etiology of BD or SCZD10.

Five SNPs in the OXTR gene were taken for transmission-disequilibrium test (TDT) in
parents-child trios with autism spectrum disorder (ASD)-affected children. Association was
neither found in the complete sample nor in the subgroup with children that had an
intelligence quotient (IQ) above 70, independent from the application of Haploview or

UNPHASED for analysis.

Mutations in the MLC1 gene lead to megalencephalic leukoencephalopathy with subcortical
cysts (MLC) and one variant coding for the amino acid methionine (Met) instead of leucine
(Leu) at position 309 was identified to segregate in a family affected with periodic catatonia
(SCZD10). Mouse embryonic stem cells (ES) for creation of a constitutive Mlcl knockout
mouse were analyzed for homologous recombination of the knockout construct with the
genomic DNA (gDNA) of the ES. Polymerase chain reaction (PCR) on the available stem cell
clones did not reveal any homologous recombined ES. However, the International Knockout
Mouse Consortium (IKMC) recently published the information that validated Mlcl knockout
stem cells from the mouse strain C57BL/6 are available. Thus, the creation of the Micl

knockout mouse is significantly abbreviated.

The bioinformatics tool TargetScan predicted a binding site for miR-137 in the MLCI and the
human glucocorticoid receptor (NR3CI) genes. Due to the unavailability of appropriate
antibodies for MLCI1, the immunoblot analysis was exclusively performed on the
glucocorticoid receptor. In the human glioblastomal cell line U373MG, the neuroblastoma
cell line SK-N-MC and the rat cell line PC12, miR-137 led to a decrease of glucocorticoid

receptor protein expression. In PC12 cells, the decrease showed a tendency to statistical
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significance. Thus, it is proven that miR-137 has a regulatory effect on glucocorticoid

receptor expression.
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S Concluding remarks

5.1 ASD, bipolar disorder and SCZD10 reveal overlapping
symptomatology and share susceptibility loci

This study focused on three different genetic loci (OXTR: 3p25, Cl5orf53: 15q14 and
MLCI: 22q13.33) in multiplex families segregating SCZD10, parents-child trios and BD- and
SCZD10-affected individuals cohorts. Although three different genes located in three
completely different loci were investigated, there is a connection between all of them.
Psychiatric disorders are heterogeneous in their occurrence. Several approaches exist to
explain the etiologies of psychiatric disorders. Most researchers share the opinion that
psychiatric diseases are complex traits and their etiology is based on an extended interacting
and complex genetic network (Kato, 2007b; Gaiteri and Sibille, 2011). However, several
studies exist, which support the idea that psychiatric disorders exceptionally accumulate in
families and thus show a Mendelian inheritance pattern (St. Clair et al., 1990; Meyer et al.,
2001; Verma et al., 2004; Knight HM et al., 2009). A Swedish group published a study in
2008, where the parents of individuals diagnosed with ASD are frequently affected by a
psychiatric disorder themselves (Daniels et al., 2008). Further strong evidence for familial
aggregation of complex disorders is given by a study of Greenwood et al. (2004), where 183
relative pairs affected by intellectual disability (ID) reveal a high chance to have relatives
diagnosed with SCZ (Greenwood et al., 2004). The results of Greenwood et al. (2004) are
further supported by a population-based study on individuals with ID by Morgan and
colleagues (2008). In their study, the comorbidity of ID and SCZ individuals is 32 % (Morgan
et al., 2008).

Among the scientific community, psychiatric disorders are considered to be both, genetically
and environmentally evoked and modified. Especially the heritability of psychiatric disorders
is strikingly high. A study on twins diagnosed with BD in Finland revealed a concordance rate
of 0.43 among monozygotic and of 0.06 among dizygotic twins (Kieseppa et al., 2004).
Edvardsen et al. (2008) accomplished a twin study on the complete bipolar spectrum (BD I,
BD II and cyclothymia) and analyzed the cross-concordances between the single diagnoses.

The concordance rates in their cohort for BD I was 0.73, for BD I and BD II combined 0.77
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and for BD I, BD II and cyclothymia combined 0.71 (Edvardsen et al., 2008). A twin study of
McGutffin and colleagues (2003) even came to a concordance rate of 85 % for BD (McGuffin
P et al., 2003). Despite the fact that heritability and concordance rates vary between the

studies, a high heritability of psychiatric disorders, as demonstrated for BD above, is proven.

Autism, BD and SCZDI10 appear to be differently characterized disorders, once their
symptomatology is exclusively considered. Interestingly, many psychiatric disorders do not
occur as just “one precisely delimited disorder on their own” but they share a high proportion
of comorbidities with further psychiatric disorders. ASD reveals a high comorbidity with
attention-deficit hyperactivity syndrome (ADHD) (Reiersen and Todd, 2008; Freitag, 2006;
Freitag et al., 2012) and BD (McElroy, 2004; Freitag, 2006; Freitag et al., 2012). Although
pervasive developmental disorders (PDD) such as ASD co-occur with ADHD at rates
between 50 — 75 % (Goldstein and Schwebach, 2004; Reiersen et al., 2007; Reiersen and
Todd, 2008; Grzadzinski et al., 2011), a transcriptomics study on monoaminergic candidate
genes on PBMCs in ASD and ADHD patients identified that dopamine receptor D5 (DRDS5)
expression level of ASD patients is significantly decreased in comparison to ADHD patients
(Taurines et al., 2011). A functional magnetic resonance imaging (fMRI) study on 20 boys
each diagnosed with either ASD or ADHD identified a significant underactivation of the
dorso-lateral prefrontal cortex (DLPFC) in ADHD boys compared to ASD boys (Christakou
et al., 2012). A meta-analysis on 30 twin studies investigating the etiology and heritability of
ASDs and the comorbidity with other psychiatric disorders concluded that there is a high
merge of symptoms and that the latest findings in genetics argue against a strict separation of
these syndromes (Ronald and Hoekstra, 2011). These reports evoke the question, if there is a
link between ASD, BD and SCZD10 as well. Incontrovertibly, there is a symptomatological
overlap of ASDs, BD and schizophrenia (SCZ), especially once considering self-perception,
motoric impairment and sensorimotor gating. In fact, all of these disorders form overlapping
spectra (Stahlberg et al., 2004; Rapoport et al., 2009; King and Lord, 2011), which means that
an entire separation and allocation of patients into ASD, BD an SCZ is exclusively possible
without ambiguity at their symptomatological extremes. Moreover, diagnostic overlaps of
ASD and SCZ have been described explicitly. In one study, fourteen males were differentially
diagnosed with either ASD or SCZ. Seven ASD patients revealed comorbidity with SCZ and
in addition, five patients revealed positive and six patients negative symptoms of SCZ
according to the scales for the assessment of positive (SAPS) and negative (SANS) symptoms

(Konstantareas and Hewitt, 2001). These studies support the observation that in the center of
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all three previously mentioned spectra, common or at least overlapping symptomatology is
rather the rule than the exception. Furthermore, the findings about common symptomatology

allow tracing back to common susceptibility loci in the human genome.

Genes are known to have pleiotropic effects, so certain allele variants in genes can have
advantageous or disadvantageous properties on the organism in various characteristics.
Pleiotropic effects mainly show their impact in the immune system; e.g. genetic variability in
the interleukin-1 system has been identified to favor the etiology of SCZ (Katila et al., 1999;
Xu and He, 2010). Crespi et al. (2011) report variants in the major histocompatibility complex
gene HLA-DRBI, which reveal both protective and risk-increasing effects against rheumatoid
arthritis and autism but increase the risk of getting affected by SCZ and vice versa (Crespi and
Thiselton, 2011). Meyer et al. (2011) consider SCZ as a neuroinflammatory process, which is
caused by abnormal expression of inflammatory genes. Psychological and physical stress
leads to an overactivation of microglia and further cells via a complex signaling cascade,
which causes low-grade inflammations in the brain. Abnormal HPA axis activity further
facilitates this effect and leads to progredient deterioration of the patients’ health state (Meyer
et al., 2011). A further example for pleiotropic gene effects mediated by the immune system
is the study by Nelson and colleagues (2006). They investigated the blood of newborn
children diagnosed with autism or Down syndrome and identified variations among cytokine
levels, depending from age and disorder (Nelson et al., 2006). These studies provide insight
into the implications of genetic variations. Genetic variability, especially among immune
system relevant genes, leads to maladaptations or obviously even to the etiology of

psychiatric disorders.

The success of a treatment of a psychiatric disorder is highly dependent on validity and
accuracy of the diagnostic procedure. Nevertheless, the diagnostic differentiation between
psychiatric disorders can become complicated due to overlapping symptomatology as already
mentioned before: the differentiation between ASD and SCZ seems to be extraordinary
complicated, especially when SCZ appears in its early-onset form. Dossetor et al. (2007)
write in their publication that “not all that glitters is gold”. They underline the obvious
problems that occur once clinicians are supposed to accomplish differential diagnosis on ASD
and early-onset SCZ because many of their symptoms resemble each other (Dossetor, 2007).
The review by Carroll et al. (2009) elucidates the genetic overlap of ASD, BD and SCZ. A
large amount of copy-number variants (CNVs) in ASD, SCZ and BD have been identified
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during the last years. Some of those are located in genes that have been previously associated
with all three psychiatric disorders. Two known genes are neurexin-1 (NRXNI) and the
contactin associated protein-like 2 (CNTNAP2). Both genes are responsible for formation of
synapses and the maintenance of their architecture, especially the formation of the synaptic
cleft (Reichelt er al., 2012). Recent technologies enable further insight into the genetic
architecture of psychiatric diseases. Next-generation sequencing techniques open new
possibilities of 1.) genome sequencing and 2.) gene expression profiling. The latter aspect was
investigated in a study by Lin et al. (2011). Inducible human pluripotent stem cells (iPSCs)
were differentiated into neurons. During this transition, several significant changes on the
gene expression level of developmentally crucial genes were identified, including candidate
genes for ASD, BD and SCZ (Lin et al., 2011). The authors of this study did not use
pluripotent stem cells derived from psychiatric patients, hence an extrapolation of the results
to the real situation in psychiatric disorder-affected individuals has to be regarded with
caution. However, the identification of upregulated genes that are also considered to be
candidate genes for psychiatric disorders is striking. These findings additionally support the
“neurodevelopmental hypothesis” of SCZ published in 1986 by Nasrallah and colleagues
(Nasrallah and Weinberger, 1986) as well as Murray and colleagues (Murray and Lewis,
1988; Murray et al., 1992; Murray, 1994). Recently, this hypothesis was reappraised by Owen
and colleagues (Owen et al., 2011). The neurodevelopmental hypothesis of SCZ bases upon
the assumption that molecular and morphological aberrations of the brain during ontogenesis
are considered to be responsible for the etiology of SCZ. Owen et al. (2011) refocused on this
hypothesis on the background of recent studies, which were predominantly conducting
functional genomics and fMRI. They wonder if it is reasonable to confine this hypothesis to
SCZ and if it should not be expanded to PDDs and BD. The arguments for an extension of
this hypothesis sound reasonable, as findings from recent studies on functional genomics in
different psychiatric disorders with overlapping symptomatology support this idea. One item
that is shared by ASD, BD and SCZ is the cognitive impairment. It appears to be a common
trait, even a core symptom shared by all psychiatric disorders; hence this trait is a good
indicator for a common etiology of them (Millan et al., 2012). Craddock et al. (2010) defined
a concept describing a gradient of decreasing severity of neurodevelopmental impairment
among psychiatric disorders: intellectual disability, autism, ADHD, SCZ, BD (Craddock and
Owen, 2010).
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Most of the risk susceptibility loci, which were associated with ASD, BD and SCZ, refer to
genes that are involved in synaptic plasticity and development, mostly around neurexins and
neuroligins (Littleton and Sheng, 2003; Doherty et al., 2012). Further support of the
implication of neurexins and neuroligins in the etiology of psychiatric disorders is provided
by a mutation analysis in Old Order Amish people, which are affected by the Cortical
Dysplasia—Focal Epilepsy Syndrome (CDFE). CDFE is characterized by seizures, impulsive
and aggressive behavior, language regression and progressive mental retardation. A mutation
in CNTNAP2 (3709delG), leading to a truncated protein, was identified among the patients.
Additionally to this finding, 67 % of the children affected by CDFE were co-diagnosed with
ASD (Strauss et al., 2006). A linkage analysis comprising 72 multiplex families from the
NIMH repository and a subsequent TDT in 145 trios revealed a genetic marker within the
CNTNAP?2 gene that increases the familial risk for autism (Arking et al., 2008). In three non-
related Caucasian patients, haploinsufficiency of CNTNAP2 was associated with SCZ,
epilepsy and cognitive impairment (Friedman et al., 2008a). A report of Burbach and
colleagues (2008) supports the idea of a shared etiology between ASD and SCZ with a special
focus on CNTNAP2 (Burbach and van, 2009). Wang and colleagues (2010) performed a
genome-wide meta-analysis of GWAS data on BD and SCZ, which supports common genetic

variants influencing BD and SCZ including CNTNAP2 (Wang et al., 2010).

Two susceptibility loci of this study, chromosome 15q14 and 22q13, have already been
investigated in a number of linkage and association studies. In a linkage study by Hong and
colleagues (2004), they found an association of the CHRNA7 gene on chromosome 15q14
with BD in a Chinese cohort (Hong et al., 2004). A meta-analysis on CNVs discovered in
ASD and SCZ described an enrichment of CN'Vs on chromosome 15q13-14 and 22q11-13 for
both disorders, thus encouraging the authors to define these genomic areas as rearrangement
hotspots (Itsara et al., 2009). OXTR on chromosome 3p25 is not exclusively a candidate gene
for the etiology of ASDs. The SNP rs2740204 located in OXTR was significantly associated
with treatment response and negative symptoms in schizophrenic individuals that had
received clozapine (Souza et al., 2010). In addition, the OXTR SNPs rs53576 and rs2254298

were associated with unipolar depression (Costa et al., 2009a).

Genetic and translational studies corroborate that psychiatric disorders should be rather
considered as continua than entities (Craddock, 2005; Craddock and Owen, 2010). The

complexity of research on psychiatric disorders is demonstrated by a variety of factors:
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comorbidities of several psychiatric disorders at the same time, heritability and the
development-dependent changes of symptomatology during ontogenesis. Based on the
obvious complexity of psychiatric disorders, a holistic perspective instead of a reductionist
seems to be the more reasonable approach. Present data of our study as well as data from
further studies support the perspective that psychiatric disorders form continua with
overlapping core symptoms, e.g. cognitive dysfunction (Millan et al., 2012). In fact, two
strategies appear reasonable to unravel the complexity of psychiatric disorders:
1.) reductionist concepts will be still required to understand not yet characterized molecular
mechanisms within cells, especially neurons. The interaction of proteins at the pre- and
postsynaptic membranes such as neuroligins and neurexins are not yet completely
characterized. The elucidation of these basic protein functions and interactions will still
require some Yyears. 2.) holistic approaches will gain further importance. The intense
application of bioinformatic tools will provide further information and insight into interacting
genetic networks. The growth and expansion of the internet, interacting machine systems and
their increasing performance in data management will enable a completely new insight into
interacting systems in biology. Only a cybernetic approach will be appropriate to clarify,
whether psychiatric disorders really form continua or in other words, smooth transitions from

one symptomatologic pool to the next.

The Macy conferences during the 1940s and 1950s proclaimed to fathom the human mind and
cognition. These conferences are considered to be the initiator of a transdisciplinary approach
called cybernetics. It connects research in human behaviors, reciprocal transmission and
exchange of messages and human decisions, which are specified in game theory (Wiener,
1961). Heinz von Forster (1911 — 2002) and Humberto Maturana (born 1928), both
researchers in the topic of second-order cybernetics and autopoiesis, held two opinions:
1.) humans are observers and consequently, they may merely act as “observers of observers”
or “participant observers”. 2.) organisms are organized in a principle that they always
maintain and reproduce themselves. An organism produces those components, which are
required to reproduce itself (“recursive organization”). The homeostasis is the most extended
complex system assumable in organisms. Homeostasis is the regulation of the internal
environment to reach stable conditions and works via positive and negative regulatory
feedback systems (Albrecht, 2012). These days, we have not yet completely elucidated all
regulatory systems, including those in the CNS of humans. From day to day, our datasets

grow and likewise their complexity. However, it will hardly be possible to receive datasets,
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which can be combined to a system theory about the CNS without accepting gaps. Although
humans are able to perform self-referentiality (“thinking about thinking”), Paul Watzlawick
(1921 - 2007), Heinz von Forster and Humberto Maturana deny that the human mind will
ever be able to completely comprehend the complexity and the principles of human cognition
(Abramovitz and von Foerster, 1974; Maturana, 1975; Maturana, 1980; Maturana and Varela,

1992; von Foerster et al., 1997; Watzlawick, 2008).

In spite of the previous discussed allegedly limitations of the human mind, it is personal
curiosity and the desire to identify the truth behind not yet characterized behaviors and
mechanisms, which drives researchers to continue their investigations. To date, three among
the multiple hypotheses about the etiology of psychiatric disorders are most frequently
discussed and investigated among the scientific community: 1.) neurodevelopmental
alterations, which lead to subtle brain lesions and thus cause the occurrence of psychiatric
disorders e.g. schizophrenia (Murray and Lewis, 1988; Murray, 1994; McGrath et al., 2003;
Owen et al., 2011). 2.) aberrations of immune system function leading to chronic
inflammations in the CNS and thus to degradation of brain tissue (Saetre et al., 2007; Rook
and Lowry, 2008; Hope et al., 2009; Monji et al., 2009; Watanabe et al., 2010; Dean, 2011).
3.) general models of psychiatric psychosis like the biopsychosocial model and unitary
models, which try to merge different hypotheses in one (Andreasen, 1999; Keshavan and
Hogarty, 1999; Keshavan, 2005; Ghaemi, 2006; Andreasen, 2010). Remarkably, the number
of studies concerning general models, which try to integrate several coexisting hypothesis, is
increasing. Concomitantly, some researchers intensify the discussions from a pluralistic view

on psychiatric disorders back to a unitaristic.

The core feature merging all of the different coexisting hypotheses about the etiology of
psychiatric disorders is the gene-environment interaction. Each of the previously mentioned
studies discusses the necessity of a certain genetic predisposition and a disorder-triggering
environment to evoke the onset of a psychiatric disorder. The genetic predisposition may
affect genes that encode for proteins necessary for brain morphology or the immune system.
The functionality of the immune system in turn is influenced by the environment e.g.
nutrition, physical and psychological stress, socioeconomic status. An impaired immune
system may have two major effects: 1.) reactivation of endogenous retroviruses (ERV).

Neither the complete number nor the function of endogenous retroviruses is known to date.
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They have been conserved for at least 30 million years in primates and represent about 8 % of
the human genome (Belshaw et al., 2004). Since humans and chimpanzees have diverged
approximately 6 million years ago, one family of viruses, HERV-K(HML?2), has been active
in humans and some humans were identified to carry more copies of viruses than others
(Belshaw et al., 2005). It is neither known what kind of diseases this virus family is able to
evoke nor the exact circumstances that lead to its reactivation in humans. Due to the striking
abundance of ERV DNA in the human genome, an implication to evoke or influence the
development of psychiatric disorders seems possible and should be investigated in further
detail. 2.) the etiology of autoimmune diseases such as Hashimoto’s thyroiditis or rheumatic
disorders. In several studies it has been reported that either inflammatory processes have been
observed in patients diagnosed with SCZ and BD and that inflammation-related genes were
upregulated (Saetre et al., 2007; Hope et al., 2009; Dimitrov et al., 2011; Meyer et al., 2011).
Hashimotos’s thyroiditis is a chronic inflammation of the thyroid gland leading to its
complete deterioration. Patients affected by Hashimoto’s thyroiditis suffer from symptoms
with enormous severity, including depressive mood, listlessness and hallucinations. If
pharmacological intervention occurs too late, patients may develop Hashimoto’s
encephalopathy. This disease is characterized by a variety of neurological and psychiatric
symptoms (e.g. seizures, psychosis, ataxia) and in rare cases even dementia and SCZ
phenotypes (Lin and Liao, 2009; Chong et al., 2011; Santoro et al., 2011). Brain atrophy and
neurodegeneration in SCZ are supposed to be caused by inflammatory processes. Only few
studies are existent to date, which focus on a link rheumatic and psychiatric disorders.
Systemic lupus erythematosus (SLE) may affect the CNS and cause psychiatric symptoms
(Fietta et al., 2011). However, there exist only few data about SLE and psychiatric disorders.

The existence of various hypotheses confirms that psychiatric disorders remain an enigma to
date. Yet, transcriptomic studies with psychiatric patients could reveal possible reactivation of
ERVs or indicate autoimmune processes. Thus, potential misdiagnoses could be prevented
and patients treated properly according to the real cause of their symptoms. Eventually,
pharmacological intervention with antipsychotics could be significantly reduced in many
cases by application of virostatics, anti-inflammatory compounds and hormone
supplementation. Hence, the patients’ life quality could be essentially and sustainably

improved.
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However, further research is required to integrate all of these findings. World-wide interaction
through computers and further automation of experiments by machines will enable

researchers to unravel the mystery of psychiatric disorders.

The results of this thesis provide further insight into the mechanisms of psychiatric disorder-
associated genes. Three different loci each linked to different psychiatric disorders were
investigated. The studies on Cl50rf53 on chromosome 15q14 have resulted in extensive
understanding of its gene expression pattern. To date, only few gene expression data about
Cl50rf53 is published. To our knowledge, this study shows for the first time that C150rf53 is
expressed in PBMCs, CD4" and CD14" cells and in specific human immune cell lines.
Furthermore, it is shown in this study that C150rf53 is not expressed in human post-mortem
limbic brain tissue. Mutational analysis of SCDZ10-affected family members and a case-
control association study on BD and SCZD10 individuals were both negative. Hence, there is
high evidence that C150rf53 is most probably not a major candidate gene for the etiology of
BD and SCZD10, neither in our families nor in unrelated individuals. In summary, this gene
is most probably not suitable for translational research with regards to identify new targets for
patient treatment. In a separate study in this thesis, a TDT on trios with ASD-affected children
was performed on five polymorphisms in the OXTR gene. The complete cohort and a
subgroup with children having an IQ above 70 were separately taken for calculation with both
Haploview and UNPHASED. No association was found with ASD, neither in the complete
cohort nor in the subgroup. Thus, our study does not support previous findings claiming that
the OXTR gene is associated with ASD. However, other studies also do not report association
of OXTR with ASD. Our study will be included in a meta-analysis on OXTR polymorphisms.
The meta-analysis will provide insight into the robustness and validity of previous studies and
thus assist to indicate potential target sites in OXTR that could be used for the development of
personalized pharmacological intervention. The study to create an Mlcl knockout mouse
model ended with the identification process of homologous recombined ES. In our ES sample,
no homologous recombination-positive clone could be detected. This reveals the difficulties
of such a project and the need to perform ES screening at large numbers (Smithies et al.,
1985; Deng and Capecchi, 1992; Fujitani et al., 1995). Meanwhile, the IKMC has reported the
availability of positive Mlcl knockout clones. Hence, the way to create the Mlcl knockout

mouse has been remarkably abbreviated. In a further study of this thesis, the bioinformatics
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tool TargetScan was used to find potential miRNA target sites in the 3’-UTRs of MLCI and
NR3CI. Only one miRNA target site was predicted for MLC1: miR-137. This target site was
additionally predicted in NR3CI. Protein expression analysis could not be performed for
MLCI in default of appropriate antibodies but for NR3CI it was demonstrated that the
transfection of miR-137 leads to a downregulation of the NR3C1 protein in three different cell
lines derived from two species. As soon as appropriate antibodies for MLC1 are available, the
experiments should be repeated with regard to this protein. Potentially, MLCI protein
expression is also affected by miR-137. The putative interference of MLCI and NR3CI by
miR-137 could indicate potential targets for pharmacological treatment of SCZDI10, but

further studies will be required to evaluate this.

Although these studies have contributed to a better understanding of molecular mechanisms
of certain candidate genes in ASD, BD and SCZDI10, further functional studies
(pharmacogenomics and transcriptomics) will be necessary in patients with different

psychiatric disorders to confirm the results of this thesis.
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6 Outlook

QVO VADIS, PSYCHIATRIC RESEARCH ?

6.1 Translational methods to fathom psychiatric disorders

Research has always undergone changes in paradigms. Technological advance enables new
ways to enlighten problems that have been in the dark. It was not before the drafts of the
complete human genome (Lander ef al., 2001b; Venter et al., 2001) had been published and
the announcement in 2003 that the Human Genome Project had been declared as finalized
(Collins, 2003) that translational epidemiology could be performed in a large-scale manner.
The International HapMap project has gained increasing knowledge about variabilities within
the human genome such as SNPs and CNVs and the identification of tag SNPs, which serve
as representative SNPs for genomic regions with high LD (International HapMap Consortium,
2003, 2005; Frazer et al., 2007). Evolving from this knowledge, the era of GWAS was born.
In 2002, the very first GWAS was published; it investigated 93,000 SNPs in about 1,000
cases and controls with respect to myocardial infarction (Ozaki et al., 2002). From 2005
onwards, array-based SNP assays have become available, first covering about 100,000 SNPs
with up to 1.5 million SNPs and CNVs in the most recent generation (Psychiatric GWAS
Consortium, 2009). The 1,000 Genomes project, launched in 2008, initially aimed to sequence
at least 1,000 genomes from various ethnic origins in order to receive more profound
understanding of genetic variation among humans. In 2010, the results of the pilot study were
published. Three projects were accomplished in parallel, each reporting different gene
coverages of the investigated individuals. The first study contained 180 samples from four
different populations, where the whole genome was sequenced at low-coverage, the second
study focused on deep sequencing of six individuals in two trios and the third one analyzed
more than 8,000 exons in about 700 individuals from seven populations (Durbin et al., 2010).
At the end of 2010, they reported 2,700 complete human genomes and the estimation for the
end of 2011 was a total number of 30,000 human genomes (Patterson et al., 2011). The
increase of data at such a fast pace leads to a high validity and comprehension on the human

genome data and opens the insight into the genetic variation within one and among different
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ethnic groups. The 1,000 Genomes project would not have become feasible without the
invention and application of so-called “high throughput” DNA sequencing technologies. With
respect to price and speed, the currently existing next generation sequencing platforms
outclass the conventional and well-established Sanger sequencing technology. The Sanger
sequencing technology is based on dye-terminating sequencing (Sanger et al., 1977) and
therefore it is limited to 700-900 bp per read and 384 samples in one run and 24 runs a day in
the most recent machines. In the best case, 8.3 Mb can be sequenced with this technique a
day. The next generation sequencing technologies enable reads of 100 to 600 Mb per day,
depending on the platform used, due to the possibility of large genome enrichment based on
high-fidelity PCR reactions (ten Bosch and Grody, 2008). The most widespread platforms for
high throughput DNA sequencing are currently provided by 454 Life sciences/Roche with the
454 FLX system, Illumina/Solexa with the Illumina/Solexa Genome Analyzer and the
Applied Biosystems SOLiD™ system (Mardis, 2008). For medical genetics, the latest
development is of high impact as the data density and validity, especially with respect to
SNPs and CNVs, is increasing. The low-coverage sequencing of 60 CEU samples revealed
almost 8 million novel SNPs that had not been annotated before as well as 259 duplications
representing an increase of 33 % for the SNPs and even 90 % for the duplications (Durbin et

al., 2010).

Based on the detailed insight into human genetic variations, translational research can be
conducted. Translational research (“from bench to bedside”) attempts to unify knowledge of
basic researchers and clinicians for the amelioration of patient health care and therapy (Woolf,
2008). It is supposed to be a symbiotic work: the basic researchers provide the clinicians with
new potential therapeutic tools for the treatment of disorders and the clinicians on the
opposite report their observations from clinical trials back to the basic researchers, so that
these are able to improve their tools for clinical practice. Sung and colleagues (2003) present
in their publication that translational research has to be divided into two blocks. They name
them T1 and T2. In the first block (T1) researchers attempt to identify new disease
mechanisms and subsequently the development of new methods for diagnosis and therapy as
well as prevention, performed in clinical studies. The second block (T2) takes the findings
from the clinical studies into daily practice and leads to prophylactic health care politics.
According to Sung and colleagues, the biggest challenge is the recruitment and
accomplishment of clinical trials, as both the total number of volunteers as well as the

financial support has to be increased tremendously (Sung et al., 2003). In the United States,
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the National Institute of health (NIH) has launched the Clinical and Translational Science
Award (CTSA) program in 2006. The NIH declared in a report from July 2009 that seven
institutions ~ have  been  funded over five years with  $171  million

(http://www.nih.gov/news/health/jul2009/ncrr-14.htm). Until the end of 2012, the NIH

predicts a network of 60 institutions working together on translational science

(http://commonfund.nih.gov/clinicalresearch/overview-translational.aspx), being funded with

$500 million per year. According to an article by Woolf (2008), the European commission has
allocated €6 billion to health-related research (Woolf, 2008). These numbers underline that

translational research has moved into the focus of applied research.

The map of the human genome is getting more accurate by the day and thus, new potential
target sites in the human genome are identified. These target sites will serve as starting points
to unravel the etiology of psychiatric disorders and complex disorders in general. The novel
variants, common or rare, represent new potential targets for the development of appropriate

therapeutic intervention.

6.2 Personalized medicine due to genome-based endophenotyping

Since next generation sequencing technologies have been established, ‘“personalized
medicine” has become a realistic scenario, although there is still some way to go and
questions to clarify (Ng et al., 2009). For many years, researchers were not convinced by its
feasibility due to the lack of profound information about the human genome. Since 2003, the
human genome has been declared as “deciphered” (Collins, 2003) and by application of next
generation sequencing (NGS), each individual’s genome turns out to become an “open
resource”. One example for that is the genetic endophenotyping of ASD patients that show
aberrations on chromosome 16p11.2, better known as the “16p11.2 deletion and duplication
syndrome”, spanning an area of about 500 kb with 30 estimated genes located inside. This
syndrome has been identified in patients diagnosed with SCZ and BD (Kirov, 2010; van
Winkel et al., 2010) and in ASDs (Abrahams and Geschwind, 2008b; Tabet et al., 2012).
Personalized medicine together with genome-based endophenotyping has two major aims:
1.) grouping patients with similar genomic aberrations 2.) developing compounds that
suppress or mimic the effects of those genes that are either deleted or multiplied. The long-

term vision is to find therapy improvements not only for an entity but for the complete
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continuum of psychiatric disorders for patients, which share common genomic
rearrangements and aberrations. The term “personalized medicine” should not be
misinterpreted as “individualized medicine”. Personalized medicine aims to elucidate the risk
of certain population subgroups to suffer from distinct complex disorders. As the nature of
complex disorders is not yet completely understood at all, in most of the cases medical
genetics may not deliver more than risk predictions for certain disorders. Complex disorders
may accumulate within families. Thus, one famous example is the hereditary breast-ovary
cancer syndrome. A meta-analysis on 74 studies on breast cancer calculated a relative risk for
individuals developing breast cancer of 2.1, if a first-degree relative had been diagnosed with
breast cancer and 1.9 for any relative diagnosed with that disease (Pharoah et al., 1997).
Major candidate genes for the etiology of familial breast cancer are the genes BRCAI on
chromosome 17g21.31 and BRCA2 on chromosome 13q12.3. A meta-analysis on 8,139 index
cases comprising 500 individuals with a mutation in either BRCAI or BRCA?2 calculated a risk
to develop breast cancer at the age of 70 of 65 % and for 39 % for ovarian cancer for BRCA I
mutation carriers. If the carriers had mutations in the BRCA2 gene, the risk for breast cancer
at the age of 70 was 45 % and for ovarian cancer 11 %. From all these individuals, 289 carried
a BRCAI and 221 a BRCA2 mutation (Antoniou et al., 2003). A meta-analysis by Chen et al.
(2007) incorporated the study by Anoniou et al. (2003) and nine others with 1023 BRCAI and
661 BRCA2 mutation carriers in total. The risk for BRCA I mutation carriers to develop breast
cancer at the age of 70 was 55 %, the risk for ovarian cancer remained the same with 39 %.
BRCA?2 mutation carriers showed a slightly increased risk to develop breast cancer with 47 %
and ovarian cancer with 17 % (Chen and Parmigiani, 2007). In 2010, Kurian and colleagues
published a survival analysis for BRCA1/2 mutation carriers. If the mutation carriers do not
receive medical intervention, the survival probability by the age of 70 is 53 % for BRCAI and
71 % for BRCA2 mutation carriers (Kurian et al., 2010).

These studies demonstrate that valid risk prediction is possible for specific complex disorders
such as breast and ovary cancer. Once the individual risk is calculated for a mutation carrier,
genetic counselors are able to recommend measurements, in the extreme case indication of
prophylactic mastectomy and/or oophorectomy. Based on the achievements in the treatment
of specified cancers, the improvement of treatment of psychiatric disorders seems probable.
First researchers need a detailed insight into the genomics of psychiatric disorders. The

genetics of psychiatric disorders are not yet as well characterized as for complex disorders
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like breast and ovary cancer. Nowadays, appropriate techniques are at hand to identify
susceptibility variants and genes. Subsequent to their validation in studies comprising large
cohorts derived from various ethnicities, the chance to develop personalized medical

intervention will become feasible.

6.3 Functional neurogenetics and genomic neuroimaging will expand our
comprehension for psychiatric disorder etiology and lead to new
opportunities for biomarker identification

To date, no reliable biomarker or reliable physiological test has been identified for none of the
psychiatric disorders; one example for that is the prepulse inhibition (PPI) that obviously
works reliably in an animal model but the transition to the human situation, especially its
applicability in SCZ patients, remains unreliable (Swerdlow and Geyer, 1998; Swerdlow et
al., 2008). Reasons are most likely to find in the diagnostic procedure itself and the
heterogeneity of the symptomatology. Further subgrouping of cohorts according to more
specific endophenotypes and genotypes will help to facilitate a more stringent and directed
research. Whole transcriptome analysis by RNAseq, which is based on the principle of next
generation sequencing, will enable the acquisition of individualized patient transcriptomes
(Mehta et al., 2010; Lin et al., 2011; Voineagu et al., 2011). Especially for research on
psychiatric disorders, RNAseq is the ideal technical approach. It is possible to collect the total
cDNA from a patient at variable time points and to compare these to each other. This will
become of special interest for research on bipolar disorder, where manic and depressive
episodes are alternating. Mostly depending on the patient’s compliance, the transcriptomes of
a patient in a certain mood phase will allow further insight into gene activity. Another
important advantage of RNAseq is the possibility to receive unbiased data about novel
transcripts and a global understanding in alternative splicing in genes. Furthermore, RNAseq
does not require intermediate steps such as hybridization in comparison to microarrays and it
also captures low expressed transcripts (Mehta et al., 2010). RNAseq may be even combined
with compound treatment and the observation of rapid gene expression changes within a
certain time period, before and after compound treatment. New biological pathways will be
elucidated and the effector of genes can be observed in a time-course like manner (Abrahams

and Geschwind, 2008b).
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Imaging studies have revealed alterations in brain size and connectivity, especially decreased
grey matter volume and increased ventricle volume, in patients diagnosed with BD (Brambilla
et al., 2008; Baldacara et al., 2011), SCZ (Brandt and Bonelli, 2008; Greenstein et al., 2011;
Radonic et al., 2011;) and ASD (Saitoh and Courchesne, 1998; Murphy et al., 2012). The
knowledge derived from microarray or RNAseq-derived gene expression profiling
(“functional neuroanatomy”) in combination with risk genotypes in psychiatric patients and
fMRI based approaches will enable further insight and understanding of functional
connectivity phenotypes (Scott-Van Zeeland et al., 2010). To date, the results from various
studies on psychiatric disorders still remain partially contradictory. Merging transcriptomics
and imaging studies will allow researchers to receive a better understanding on psychiatric

disorders.
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