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Summary

According to the World Health Organisation, depression is the most common psychiatric
disorder. Despite this, the pathophysiology of depression is unclear. Electroconvulsive
therapy (ECT) is the most acutely effective treatment available for severe, sometimes life-
threatening, depression. However, its molecular mechanism of action is not understood.
Ketamine is a newly emerging rapid antidepressant pharmacotherapy for treatment resistant
depression, but its mechanism is also unclear. Advances in scientific techniques are aiding
the discovery of novel targets for depression. A deep sequencing study of microRNAS in
depression conducted by my lab identified two microRNAs that are altered in patients with
depression. Three genes were identified as shared targets of these: VEGFA, E2F1 and SIRT1.
Peripheral whole blood VEGFA mRNA levels were also increased in depression and
decreased by ECT. Therefore, E2F1 and SIRT1 are genes of interest in depression and the
molecular mechanism of ECT. Finally, a proteomics study by my lab identified PEDF as a
protein of interest. PEDF was increased in medicated patients with depression and increased

further by ECT. Therefore, | hypothesised that antidepressants may target PEDF.

The first aim of this study was to carry out gene expression analysis of E2F1 and SIRT1 in
patients with depression in comparison to healthy controls. gRT-PCR results showed that
levels of both genes were lower in patients with depression, but this was not attenuated by
ECT. With E2F1, there were no differences in levels among depressive subgroups
(psychosis, polarity, response status) and there were no associations with depression severity
as measured by the HAMD-24 rating scale. These results indicate that E2F1 may be a trait
marker of depression but it is not useful as a clinical marker. With SIRT1, there were no
significant differences among subgroups, but levels were lower in patients with bipolar
depression in comparison to unipolar depression. Numbers in the bipolar group were small
(n = 19); so repetition in a larger cohort may be of use. In patients who responded to ECT
and attained remission, there was also a trend for a correlation between an increase in SIRT1
with ECT and a decrease in HAM-D24 scores. As correlation analysis was exploratory, this
would also need repeating in a larger cohort. Finally, gene expression analysis was performed
on blood and brains of rats treated with chronic and acute electroconvulsive stimulation
(ECS). E2F1 mRNA was decreased specifically in the dentate gyrus, with no change in
peripheral blood. Sirtl was increased in the hippocampal formation alone, with no change in
peripheral blood. These results indicate that both E2F1 and SIRT1 may have a role in the

mechanism of ECT in the brain but which may not be translated to the periphery.



The next aim of this study was to evaluate a role for PEDF in the mechanism of
antidepressants using an in vitro model. Primary rat cortical neurons, astrocytes and microglia
were cultured. Astrocytes were found to express the highest levels of Serpinfl (PEDF)
mRNA. Therefore, astrocytes were treated with fluoxetine, imipramine and noradrenaline for
30 minutes, 1, 3, 6, 12 and 24 hours. Only imipramine (at 24 hours) and noradrenaline (at 3
hours) significantly decreased Serpinfl mRNA expression. However, neither antidepressant
drug had an effect on PEDF secretion from astrocytes. Therefore, | concluded that PEDF may
not have a role to play in the molecular mechanism of antidepressants in so far as could be
discerned from studying primary cultures. PEDF, however, may have a role in other brain
regions or it may have a peripheral role.

The final aim of this study was to evaluate the effect of a single infusion of ketamine or
midazolam on VEGFA, PEDF (SERPINF1), E2F1 and SIRT1 mRNA expression. Of note,
PEDF and VEGF are both neurotrophic and also known to interact, with PEDF blocking
VEGEF to inhibit angiogenesis. The ratio of VEGFA to SERPINF1 was also evaluated, based
on evidence from previous literature, as this may provide a measure of pathway activity.
Samples from the KARMA-Dep pilot trial were used and depressed patients’ peripheral
whole blood samples were collected 60 minutes before and 4 hours after an infusion of
ketamine or midazolam. Ketamine alone significantly increased VEGFA levels. SERPINF1
levels were lower following ketamine treatment but this was not significant. The
VEGFA/SERPINF1 mRNA ratio was also significantly increased following ketamine. No
change was found with E2F1 levels. SIRT1 levels were increased in both groups post
infusion, which may be due to diurnal variation. Plasma levels of VEGFA and PEDF protein

were also analysed but no changes were found.

The findings in this thesis show that E2F1 and SIRT1 may not be useful clinical markers in
depression but there may be a role for them in the CNS that could be investigated further
using animal models. This work points to a possible role for VEGFA and SERPINFL1 in the
molecular action of ketamine treatment but replication in a larger sample set is required. This
is the first report of a relationship between these two genes in treatment for depression, and
provides an interesting link to the findings of the deep-sequencing study and proteomic study
that this work is based on. The interplay between VEGFA and PEDF could be a new pathway

of interest in the molecular mechanism of treatments for patients with depression.
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Chapter 1.

Introduction



1.1 Depression
1.1.1 General overview

Depression is recognised as one of the most common psychiatric disorders. Globally,
roughly 300 million people of all ages suffer from this condition (WHO, 2017).
According to the World Health Organisation (WHO), depression is now the leading cause
of disability worldwide, contributing largely to the overall global burden of disease, and
is comorbid with other diseases such as cardiovascular disease, diabetes and arthritis
(Vos et al., 2012, Katon et al., 2007). These symptoms range from mild, moderate to
severe and patients can suffer disruptions to their work, family and social life. The worst
outcome for depression sufferers is suicide, with over 800,000 deaths occurring each year

(Marcus et al., 2012).

Despite this large individual, economic and social burden, the pathogenesis of
depression remains unclear, and treatment for this illness is not ideal, with many patients
failing to respond to standard treatments (Rush et al., 2006). Depression is also a
heterogeneous disorder and identifying markers that differ between subtypes of
depression is be important. Despite the large number of studies on the pathophysiology
of depression, there have been no reliable outputs that link any of these data to a specific
subtype of depression (National Collaborating Centre for Mental Health (UK), 2010).
Therefore, increasing our understanding of the molecular mechanisms underlying
depression will help with identifying new treatments, and will allow for biomarker

discovery to aid diagnosis, prognosis and treatment choice.



1.1.2 Diagnosis and classification

One of the main issues with depression is the heterogeneous nature of the disorder.
Although people present with similar symptoms, the cause of this illness may differ
(National Collaborating Centre for Mental Health (UK), 2010). Several depression
subtypes have been identified over the past number of years including melancholia,
atypical depression, depression with a seasonal pattern/seasonal affective disorder, and
psychotic/non-psychotic  depression (American Psychiatric  Association, 2013).

Depressive features can also occur in both unipolar and bipolar depression.

Today, there are two main classification systems in use; the Diagnostic and
Statistical Manual for Mental Disorders 5 (DSM-5) (American Psychiatric Association,
2013) and the International Classification of Diseases, 10" revision (ICD-10) (WHO,
1992). For my own studies, the DSM 4" edition (DSM-IV) criteria were used. Apart from
some minor changes in classification, DSM-5 and 1V are relatively similar with the
criteria for a depressive episode remaining the same (Regier et al., 2013). Table 1 outlines
the different symptoms present in depression and the DSM-1V criteria for classifying a

patient as having a depressive episode.



A. During the same two week period at least five of the following symptoms must be
present and must represent a change from previous functioning. They must not be
clearly attributable to another medical condition; at least one of the symptoms is either

(1) depressed mood or (2) loss of interest or pleasure.

Depressed mood most of the day, nearly every day, as indicated by either subjective

report or observation made by others.

Markedly diminished interest or pleasure in all, or almost all, activities most of the day,

nearly every day (as indicated by either subjective account or observation).

Significant weight loss when not dieting or weight gain (e.g., a change of more than
5% of body weight in a month), or decrease or increase in appetite nearly every day.

Insomnia or hypersomnia nearly every day.

Psychomotor agitation or retardation nearly every day (observable by others).

Fatigue or loss of energy nearly every day.

Feelings of worthlessness or excessive or inappropriate guilt (which may be delusional)

nearly every day.
Diminished ability to think or concentrate, or indecisiveness, nearly every day.

Recurrent thoughts of death, recurrent suicidal ideation without a specific plan, or a
suicide attempt or a specific plan for committing suicide.

B. The symptoms cause clinically significant distress or impairment in social,
occupational, or other important areas of functioning.

C. The occurrence of the major depressive episode is not better explained by
schizoaffective disorder, schizophrenia, schizophreniform disorder, delusional
disorder, or other specified and unspecified schizophrenia spectrum and other
psychotic disorders.

D. The episode is not attributable to the physiological effects of a substance.

E. There has never been a manic episode or a hypomanic episode.

Table 1.1 DSM-1V criteria to be met to be diagnosed with having a depressive episode




1.1.2.1 Psychotic depression and other subtypes

Psychotic depression was recognised as a type of depression by the ICD10 and the DSM
IV (Ostergaard et al., 2012). The delay in this classification came from the discussion on
whether psychotic depression is a distinct illness or if it just represents a severe form of
depression (Rothschild, 2013). The main features of psychotic depression include
hallucinations and delusions, as well as suffering from the typical symptoms of
depression. An example of a typical case would be anhedonia, loss of interest, inability
to concentrate and accompanied by delusions of guilt, worthlessness and thoughts of
impending disaster (Rothschild, 2009). Psychotic depression also has a higher relapse
rate and more often ends in fatal consequences (Johnson et al., 1991, Vythilingam et al.,
2003). In terms of treatment, patients with psychotic depression respond poorly to
antidepressant treatment and psychotherapy (Rothschild, 2009). Patients respond more
favourably to electroconvulsive therapy (ECT) than non-psychotic depressed patients,
with the American Psychiatric Association (APA) and other organisations recommending

ECT as a first line treatment (American Psychiatric Association, 2013, Petrides, 2002).

The DSM-IV identifies several other subtypes of depression including

melancholic depression, seasonal affective disorder and atypical depression.

1.1.2.2 Bipolar depression

Unipolar and bipolar depression have long been thought to be linked. Studies have
indicated that roughly 25% of patients first diagnosed with unipolar depression go on to
develop some sort of manic/hypomanic episode, which can then progress to bipolar
disorder (Mclintyre et al., 2018). Bipolar depression is often difficult to diagnose as in a

depressive state the patient may be misdiagnosed as unipolar depressed (Han et al., 2018).



The main issue with this is that treatment differs for the two diagnoses, highlighting the
importance of developing biological markers that can differentiate between the two

disorders.

1.1.3 Epidemiology of depression

The first study to compare occurrence of depression among different nationalities was
published in 1996. This study indicated that the lifetime prevalence of depression ranged
from 1.0% (Czech Republic) to 16.9% (United States) (Weissman et al., 1996). Updated
reports have indicated that lifetime prevalence rates of unipolar depression are in the
region of 10-20% (Weissman et al., 1996, Kessler et al., 2003, Kessler and Bromet,
2013). Women are twice as likely to suffer from unipolar depression, and the typical age
of onset for a major depressive episode ranged from mid 20s to late 40s (Kessler and

Bromet, 2013).

Lifetime prevalence of bipolar disorder tends to be lower, with studies indicating
the overall lifetime prevalence of bipolar spectrum disorders was 2.4% (Merikangas et
al., 2011). The influence of sex on bipolar disorder is unclear, with the average age of

onset reported as 20-30 years (Rowland and Marwaha, 2018).

1.1.4 Pathophysiology of depression

Despite the large number of people that suffer from depression and its impact on the
global burden of disease, the exact pathophysiology of depression remains largely
unclear. One of the main reasons for this is probably the heterogeneity of the disorder
(Ciobanu et al., 2016). However, research into this area is extensive with a wide range of

biological systems being implicated in the development of depression.



1.1.4.1 Monoamines and depression

Despite the lack of knowledge on the precise aetiology of depression, there is still a
number of pharmacological treatments available, most of which are based on the
accidental discovery of the therapeutic effect of tricyclic antidepressants (TCAS) in the
1950s (Berton and Nestler, 2006). The belief that these drugs target monamine membrane
transporters led to the monoamine theory of depression; the idea that depression is related
to decreased levels of centrally available noradrenaline or serotonin (also known as 5-
hydroxytryptamine, 5-HT) (Mulinari, 2012, Jesulola et al., 2018, Delgado, 2000).
Although it is accepted that elevated levels of monoamines can improve depressive
symptoms, these antidepressants take weeks to take effect, and in some cases do not work
at all (Marathe et al., 2018, Rush et al., 2006). Monoamine oxidase inhibitors (MAQIs),
which inhibit the enzymes that break down serotonin and noradrenaline, are still used to
good effect today. However, as with other antidepressants, there is a latent effect and not
all patients respond (Berton and Nestler, 2006). Therefore, a better knowledge of how
drugs target this system is needed as molecules downstream of monoamine signalling

pathways may have a more direct involvement in depression.

Even though targeting the monoamine system is not always effective , there is
evidence that monoaminergic systems play a role in the behavioural symptoms of
depression (Jesulola et al., 2018). It has been reported that 5-HT binding is reduced in the
prefrontal-cortex of post-partem brains in patients who committed suicide (Mann et al.,
2000). The 5-HTTLPR (serotonin-transporter-linked polymorphic region) polymorphism
is associated with major depression (Mann et al., 2000), and reduced cerebrospinal fluid
(CSF) concentrations of 5-hydroxyindoleacetic acid (5-HIAA), the major metabolite of
serotonin, has been reported in drug-free depressed patients (Owens and Nemeroff, 1994,

Asberg and Bertilsson, 1976, Asberg et al., 1976).



Abnormalities in noradrenergic signalling have also been detected in the brains and CSF
of depressed patients. Reduced density of the noradrenaline transporter has been reported
in the locus coeruleus (LC) of depressed patients and this was later confirmed by
radioligand binding studies (Klimek et al., 1997, Maletic et al., 2017). Concentrations of
a major metabolite of noradrenalin, 3-methoxy-4-hydroxyphenylglycol, have been
correlated with lifetime mood burden (Maletic et al., 2017), and salivary levels of this
metabolite have been correlated with mood scores in men (Watanabe et al., 2012).
Changes in the two receptors for noradrenaline, alpha-1 adrenergic receptor (a1-AR) and
alpha-2 adrenergic receptor (02-AR), have also been reported; al1-ARs are desensitised
in the post-partum brains of depressed patients, but the density of 02-ARs has been
reported to be increased, possibly as a compensatory mechanism (Ordway et al., 2003,

Maletic et al., 2017).

Noradrenaline and serotonin have been implicated in many of the features of
depression including low mood, reduced motivation and concentration, fatigue, and
psychomotor agitation/retardation (Jesulola et al., 2018). However, for the reasons
mentioned above (latent response to drugs that target these systems and no response in

some patients) research into depression has started to focus on other areas.

1.1.4.2 The hypothalamic-pituitary-adrenal axis in depression

Over the past number of years dysregulation of the hypothalamic-pituitary-adrenal (HPA)
axis has been one of the most consistent findings in depression (Pariante and Lightman,
2008). The HPA axis is a feedback loop that consists of the hypothalamus, pituitary and
adrenal glands (Varghese and Brown, 2001, Keller et al., 2017), Figure 1.1 summarises

the HPA axis. The axis begins with the secretion of Corticotrophin-releasing hormone



(CRH) and vasopressin from the hypothalamus, to activate the secretion of
adrenocorticotrophic hormone (ACTH) from the pituitary (Pariante and Lightman, 2008).
ACTH in turn stimulates the release of cortisol (a glucocorticoid) from the adrenal glands
(Pariante and Lightman, 2008, Keller et al., 2017). Cortisol then binds to glucocorticoid
and mineralocorticoid receptors (GRs and MRs) in both peripheral tissue and the brain,
including the HPA axis itself, forming a negative feedback loop (Keller et al., 2017,
Varghese and Brown, 2001). Cortisol plays a role in various functions of the brain,
including regulation of neuronal survival, neurogenesis, memory formation and
emotional response (Pariante and Lightman, 2008, Herbert et al., 2006). The HPA axis is
activated by physical and emotional stress and is needed in healthy physiological
functions. However, over-activation of this axis, possibly due to an impairment of GR-
mediated negative feedback (Pariante, 2006), has been reported in depression (Varghese

and Brown, 2001, Pariante and Lightman, 2008).

It has been reported that depressed patients have increased levels of cortisol in
saliva, plasma and urine, and increased size of the pituitary and adrenal glands (Pariante
and Lightman, 2008). One measurement that is frequently reported in studies is a higher
cortisol awakening response and a blunted response to the dexamethasone test (Vreeburg
et al., 2009, Hinkelmann et al., 2013). GR receptor function has also been reported to be
dysfunctional in depressed patients with antidepressants being shown to normalise this
(Pariante, 2006). Over-activation of this pathway has been proposed to lead to neuronal
death/decreased cognitive function (Herbert et al., 2006) In patients, increased cortisol
has been linked to decreased hippocampal volumes (Frodl and O'Keane, 2013) and also
could be involved in reduced glia numbers/function in depression (Cotter et al., 2001).
However, there is also conflicting reports that cortisol is not associated with depressive

symptoms in patients and cannot predict treatment response (Suijk et al., 2018).



Although there is evidence to support the HPA axis in depression, and drugs
targeting hypercortisolism have some promise as an adjunctive therapy for depression
(Jahn, 2005), however clinical data on other drugs targeting the HPA axis in depression
are lacking (Pariante and Lightman, 2008) and it is unclear how effective targeting this

system would be.
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Figure 1.1 The HPA axis

In health the HPA axis functions to release cortisol in response to stress, this can become
hyperactive in depression (Hine et al., 2019). Abbreviations: CRH; Corticotropin-releasing
hormone, ACTH; adrenocorticotropic hormone.

1.1.4.3 The inflammatory model of depression

For many years now it has been established that depression can be accompanied by
inflammation and changes in immune cell function (Maes, 2011). As well as these
biological observations, patients receiving cytokine therapy for cancer treatment
reportedly developed mood changes (Capuron et al., 2002). These clinical findings, along

with the observations that the features of ‘sickness behaviour’ are quite similar to some
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of the features of depression, has led to an inflammatory model of depression (Dantzer et
al., 2008). However, whether inflammation is a cause of depression or merely another

symptom/consequence remains unclear (Jeon and Kim, 2016).

Historically, the brain was considered an ‘immune privileged’ organ with the
blood brain barrier (BBB) preventing entry of pathogens, circulating immune cells, and
factors within the blood (Louveau et al., 2015a). The discovery that immune cells are
present in high numbers in the meninges of the brain, and participate in
immunosurveillance of the central nervous system (CNS) have contradicted this view
(Rua and McGavern, 2018). The recent discoveries that the peripheral lymphatic system
branches to the CNS (Louveau et al., 2015b) and the observation of perivascular
macrophages in the brain parenchyma (Cai et al., 2018) support a role for the immune
system in the CNS, and highlight the importance of investigating immune dysfunction in

psychiatric illnesses such as depression.

Clinically, patients with depression present with altered peripheral immune cell
populations and cytokine levels in comparison to healthy controls. Changes in the number
and activity of natural Killer cells (NK cells), cytotoxic T cells, and regulatory T cells
have been reported (Park et al., 2015, Suzuki et al., 2017, Grosse et al., 2016, Becking et
al., 2018). Differences in peripheral cytokines such as tumour necrosis factor alpha (TNF-
a), interferon gamma (IFN-y), Interleukin (IL)-6, 1L-10, 1L-12, IL-13, IL-18 levels
(Kohler et al., 2017) are also detected. Activation of immune cells has also been reported
in the CSF of patients with depression, with markers on macrophage/monocyte activation
(including neopterin and soluble CD14) correlating with depression severity (Kranaster

etal., 2017).
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The inflammatory theory of depression is also supported by animal data.
Inflammation induced depressive-like behaviour is well characterised in rodent models,
where the administration of either cytokines or an inflammatory reagent (e.g.
lipopolysaccharide (LPS) will initially induce sickness behaviour. This is characterised
by reduced appetite and locomotor activity, and increased levels of pro-inflammatory
cytokines, such as TNF-a and IFN-y, followed by a period of depression-like behaviours
(Remus and Dantzer, 2016, Henry et al., 2008, O'Connor et al., 2009). Chronic stress can

also induce changes in cytokine levels in rodents (Glovatchcka et al., 2012).

Cytokines and other inflammatory mediators in depression may interact with the
HPA axis, the metabolism of monoamine neurotransmitters, and cellular and synaptic
plasticity in the brain (Furtado and Katzman, 2015, Miller et al., 2009, Singhal and
Baune, 2017). This is potentially through activation of the kynurenine pathway, which
diverts tryptophan, an essential amino acid, away from serotonin synthesis in favour of
kynurenic acid and quinolinic acid. Inflammation has been thought to divert the
kynurenine pathway down a more neurotoxic pathway, with quinolinic acid in microglia
reported to activate the N-methyl-d-aspartate (NMDA) receptor and glutamate release
(Schwarcz and Pellicciari, 2002). This can have detrimental effects in the CNS and may
lead to the features of depression (Miller et al., 2009, Davis and Liu, 2015). Figure 1.2

gives an overview of how these systems may interact.
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Figure 1.2 Interactions between inflammation and other mediators of depression
Inflammatory signals interact with the kynurenine pathway in the brain resulting in increased
glutamate induced excitotoxicity and reduced secretion of protective growth factors.
Cytokines also interact with the HPA axis to increase cortisol secretion, which may also cause
cell damage. Adapted from Miller et al., 2009. Abbreviations: NK; natural Killer, ROS;
reactive oxygen species, IDO; indoleamine-pyrrole 2,3-dioxygenase, QUIN; quinolinic acid,
CRH; Corticotropin-releasing hormone, ACTH; adrenocorticotropic hormone, GR;
glucocorticoid receptor.

1.1.4.4 The neurotrophic theory of depression

The latent response time to antidepressants suggests that a simple change in
neurochemical signalling in the brain is not sufficient for an antidepressant response, and
that this delay may be down to the need to induce changes in plasticity (Duman et al.,
1999). The neurotrophic hypothesises suggests that depression may be the result of
reduced trophic factors in the brain, leading to reduced plasticity of neuronal cells and
reduced neurogenesis leading to a reduction in volume in key brain areas associated with

depression (Duman and Li, 2012, Duman and Monteggia, 2006). Early studies have
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focused on the effect of stress on the hippocampus and much of the evidence for this

comes from animal data.

In rodents, chronic corticosterone treatment or daily restraint stress for 21 days in
causes selective dendritic atrophy of CA3 pyramidal neurons in the hippocampus
(Magarinos and McEwen, 1995). the neurotrophic theory of depression has to date mainly
focused on the role of brain-derived growth factor (BDNF), a member of the neurotrophin
family that includes nerve growth factor, neurotrphin-3 and neurotrophin-4 (Huang and
Reichardt, 2001, Castren and Kojima, 2017). Neurotrophins are vital to the survival of
brain cells, playing important roles in brain development and plasticity of neuronal cells
(Smith et al., 1995, Huang and Reichardt, 2001). Chronic stress has been repeatedly
reported to reduce BDNF protein and mRNA expression in the hippocampus and cortex

of rodent brains (Castren and Kojima, 2017, Smith et al., 1995, Duman and Li, 2012).

In patients changes in brain volumes compared to controls have frequently been
reported. One of the first studies used magnetic resonance imaging (MRI) data to report
depressed patients in remission having smaller left hippocampal volumes than healthy
controls, and hippocampal volumes correlating with lifetime duration of depression
(Sheline et al., 1999). Since this study, individual patient studies and meta-analysis have
reported reduced volumes in the hippocampus and other systems involved in emotion
such as the limbic-cortical brain circuit (Santos et al., 2018, Sacher et al., 2012).
However, it is unclear in patients what causes this reduction. Reports of peripheral blood
BDNF protein levels in patients with depression are conflicting. Reduced serum BDNF
in depression is a consistent finding (Kishi et al., 2018, Molendijk et al., 2014, Karege et
al., 2002). However, reports on plasma vary with some studies reporting reduced plasma
BDNF (Kishi et al., 2018) and others finding no difference between patients with

depression and healthy controls (Ryan et al., 2018a, Bocchio-Chiavetto et al., 2010).
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Although most research into the neurotrophic theory has focused on BDNF, other
trophic factors have been implicated based on peripheral studies in humans. These
include glial-derived growth factor (GDNF) (Tsybko Anton et al., 2017, Sharma et al.,
2016) vascular endothelial growth factor (VEGF) (Sharma et al., 2016, Kolshus et al.,
2017, Berent et al., 2014) and more recently pigment-epithelial derived factor (PEDF)
(Ryan et al., 2017, Ditzen et al., 2012). Of these, PEDF has been linked to regulation of
VEGF, GDNF and BDNF signalling (Cai et al., 2006, Yabe et al., 2004). These studies
highlight that BDNF alterations alone should not be the focus of research in this area,
with Figure 1.3 showing a proposed mechanism for this theory. However, more research
into the role of neurotrophins and depression is needed as due to the limitations of human
studies, no direct link between levels of neurotrophins and plasticity in the brain of

depressed patients have been made.
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Figure 1.3 The neurotrophic hypothesis of depression

Evidence from animal models indicate that lower levels of BDNF may lead to impaired
plasticity, neurogenesis and depression like behaviour. Human studies indicate VEGF, GDNF
and PEDF may also be involved in this pathway. Abbreviations: GDNF; glial-derived
neurotrophic factor, VEGF; vascular endothelial growth factor, PEDF; pigment epithelial-
derived growth factor, BDNF; brain-derived neurotrophic factor.

15



1.1.4.5 Mitochondrial stress and depression

Mitochondria function to produce adenosine triphosphate (ATP), the main energy source
of all eukaryotic cells (Karabatsiakis et al., 2014, Allen et al., 2018b). These vital
organelles also function in calcium signalling, apoptosis and cell metabolism, particularly
of reactive oxygen species (Mattson et al., 2008). The high energy consumption of the
brain and its lack of energy reserves leave it strongly dependent on mitochondrial
function (Allen et al., 2018b). The brain uses roughly 20% of the oxygen and glucose
taken in by the body, even though it only accounts for 2% of body mass (Magistretti,
2006, Magistretti et al., 1999). It has been reported that a cortical neuron uses roughly
4.7 billion molecules of ATP every second (Allen et al., 2018b). This energy is used for
both neurotransmission, neurogenesis and synaptic plasticity (Andreazza and Nierenberg,
2018). Given the changes in neurotrophin levels, neurotransmission, inflammatory
profiles and HPA axis that occur in depression, it is no surprise that abnormalities in

mitochondrial functions and oxidative stress have also been reported (Rezin et al., 2009).

Investigations into the role of mitochondrial function in depression are at an early
stage but there is already evidence to support this. Research has mainly focused on
mitochondria genetics in bipolar disorder/schizophrenia (Pei and Wallace, 2018,
Kasahara and Kato, 2018), but differences in peripheral oxidative stress markers between

depressed patients and controls have also been reported (Liu et al., 2015).

Several studies and meta-analysis that support abnormal mitochondrial function
in both peripheral cells and brains of patients with depression have been published
(Hirose et al., 2016, Black et al., 2015, Liu et al., 2015, Karabatsiakis et al., 2014).
Urinary 8-hydroxy-2'-deoxyguanosine (8-OHdG) levels, a marker of oxidative stress,
have been reported to be associated with depressive symptoms, with women who have

high levels of 8-OHdAG scoring higher for both depression and anxiety (Hirose et al.,
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2016). 8-OHdG measures oxidative DNA damage and, along with F2-isoprostane (which
measures lipid damage), is reported to be the most commonly reported marker of
oxidative stress (Black et al., 2015, Liu et al., 2015). A recent meta-analysis has indicated
increased levels of both of these markers in depression (Black et al., 2015). Patients with
depression have been shown to have impaired mitochondrial respiration, which correlates
negatively with mood scores (Karabatsiakis et al., 2014). Plasma activities of
mitochondrial enzymes, such as superoxide dismutase 1 (SOD-1), have also been
reported to be decreased in patients with depression while levels of hydrogen peroxide
(H202) have been shown to be increased (Rybka et al., 2013). A meta-analysis has also
indicated lower total antioxidant capacity (TAC) in depressed patients during an acute
episode of depression, lower levels of antioxidants in patients with depression and
increased oxidative damage products in patients with depression in comparison to

controls (Liu et al., 2015).

Studies have also looked at mitochondrial DNA (mtDNA) copy number but the
data for this are mixed. One study reported lower mtDNA copy number whereas other
studies show no differences between patients with depression and controls (Chang et al.,
2015, He et al., 2014, de Sousa et al., 2014). Another study showed that childhood
adversity and a lifetime of depression result in significantly higher mtDNA copy numbers
(Tyrka et al., 2016). Finally, peripheral whole blood mMRNA levels of peroxisome
proliferator-activated receptor gamma coactivator 1-alpha (PGC-1a), a master regulator
of mitochondrial biogenesis, have been reported to be reduced in patients with depression

in comparison to healthy controls (Ryan et al., 2018b).

Interest in altered mitochondrial activity as a possible regulator of depression
pathophysiology is fairly recent. Nonetheless, there is already a substantial amount of

evidence to support a role for this in depression. Some clinical trials have already tested
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the therapeutic effects of antioxidant supplements such as omega-3 fatty acids but with
mixed results (Robinson et al., 2018, Jahangard et al., 2018, Bai et al., 2018). Therefore,
more work is needed to assess the therapeutic value of targeting mitochondrial function

for treating depression.

1.1.4.6 Conclusion

Depression is a complex and heterogeneous disorder. Clinical and pre-clinical studies
support a role for a range of biological systems in its pathophysiology. Therefore,
depression is a difficult disorder to treat. Available antidepressant therapies that

reportedly interact with these systems are not ideal.

1.1.5 Treatment of depression
1.1.5.1 Psychotherapy

Psychotherapy is often recommended for treating mild-moderate depression as a
standalone option or as an adjunctive therapy to pharmacological treatments (Kolshus et
al., 2014b). Several studies have shown that both cognitive behavioural therapy and
interpersonal therapy are beneficial to the patient when combined with pharmacotherapy,
overall reducing symptoms of depression (Cuijpers et al., 2009, Cuijpers et al., 2011). Of
these, interpersonal therapy is reported to be a slightly superior option (de Mello et al.,

2005).

1.1.5.2 Antidepressants and other pharmacological treatments

Since the original antidepressant discoveries that were made in the 1950s, little progress

has been made and most available antidepressant drugs still act on the noradrenaline or
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serotonin receptors, increasing availability of these monoamines at the synapse (Berton
and Nestler, 2006). Newer classes of antidepressants such as the selective serotonin
reuptake inhibitors (SSRIs), selective norepinephrine reuptake inhibitors (NRIs), and
serotonin/norepinephrine reuptake inhibitors (SNRIs) are based on the original TCAs and
MAOIs, but with a more selective mechanism of action (Rang et al., 2012). These drugs
have not shown increased efficacy in comparison to earlier drugs but they have shown
increased tolerability in patients (Morilak and Frazer, 2004, Ferguson, 2001, Wang et al.,

2018a).

Results from randomised control trials have established that these traditional
antidepressants have efficacy but it is far from ideal; approximately 50% of patients will
respond to treatment with reduced depression scores being recorded. However, of these
only 50-70% will attain remission and the majority of patients will relapse after this (Rush
et al., 2006, Clevenger et al., 2018). Therefore, researchers and clinicians are still
searching for new drugs for depression that may target some other aspect of the
pathophysiology. Despite this, pharmacotherapy is the preferred/first-line treatment for
moderate-severe depression, with treatment augmentation drugs such as lithium or Tri-

iodothyronine being given in severe/resistant cases (Kolshus et al., 2014b).

1.1.5.3 Rapid-acting antidepressants

A breakthrough in recent years was the discovery of the rapid-acting anti-depressant
properties of ketamine, an NMDA glutamate receptor antagonist that is a dissociative
anaesthetic with abuse potential (Duman, 2018, Harkin and McLoughlin, 2019). A
growing body of evidence for the involvement of the NMDA glutamate receptors in

depression from the 1990s led to the first clinical trial with Ketamine, which reported a
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significant decrease in depression scores in patients who received 2 x 40min 0.5mg/kg
infusion doses of ketamine hydrochloride in comparison to patients who received placebo
(saline) (Berman et al., 2000). Since this first trial several papers have reported the rapid
anti-depressants effects of ketamine (i.e. depressive symptoms improve within hours), as
well as showing it is safe and tolerable at low doses (Zarate et al., 2006, Singh et al.,
2016, Murrough et al., 2013, Perry et al., 2007, Kim and Mierzwinski-Urban, 2017).
Although these trials initially led to excitement over a new possible understanding of
depression and a possible change to a more rapid, robust treatment than slow acting
antidepressants, the effects of ketamine only last a short period of time (< 1week) (Kim

and Mierzwinski-Urban, 2017, Han et al., 2016).

Although originally reported to act on the NMDA glutamate receptor, there have
been reports that ketamine may mediate its anti-depressive action through the a-amino-
3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor (AMPA) or opioid receptors
(Aleksandrova et al., 2017, Williams et al., 2018). Furthermore, ketamine has been
reported to be a ligand for the alpha estrogen receptor (Ho et al., 2018). How it mediates
its effects from here are unknown but it seems to be linked to synaptic plasticity
mechanisms (Aleksandrova et al., 2017). Animal data reports ketamine activates the
mammalian target of rapamycin (mTOR signalling) pathway, resulting in increased
BDNF translation and secretion (Zhou et al., 2014, Zanos et al., 2018). More recently,
the antidepressant actions of ketamine have been linked to VEGF signalling in neurons

(Deyama et al., 2019).

Current studies are aiming to establish if ketamine could be used as an adjunctive
therapy to enhance the effects of other treatments. These studies have mainly focused on
electroconvulsive therapy, and report that ketamine does not improve depressive

symptoms over ECT alone (Ren et al., 2018, McGirr et al., 2017). Nonetheless, molecular
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studies using patient plasma or serum are being conducted to further knowledge of
ketamine’s mechanism of action and to identify a possible clinical marker to monitor or
predict response. These studies have focused on neurotrophic factors, cytokines and D-
serine, a co-agonist of the NMDA receptor (Moaddel et al., 2015, Yang et al., 2015, Park
etal., 2017, Allenetal., 2015, Rybakowski et al., 2013), with IL-6 and D-serine identified
as a possible predictor of ketamine response (Moaddel et al., 2015, Yang et al., 2015).
However, these studies have small sample numbers and larger ketamine trials would be

needed to further research on the biological effects of ketamine.

1.1.5.4 Electroconvulsive therapy

Electroconvulsive therapy (ECT), the application of an electrical current to the brain in
order to induce a generalized seizure for therapeutic effects, was first demonstrated in the
1930s. (Leiknes et al., 2012, Cerletti and Bini, 1938). Today, it is the most acutely
effective treatment available for severe, sometimes life-threatening, depression with
approximately one million patients worldwide receiving ECT annually (UK ECT Group,
2003, Leiknes et al., 2012, Kellner et al., 2012). ECT is most often used as a third or
fourth line treatment, where one or more pharmacological treatments have failed, and in
these treatment resistant patients can offer up to 60% remission rate (Greenberg and
Kellner, 2005, Kellner et al., 2012). Despite its clinical effectiveness, the use of ECT is
limited due to its side effects, mainly on cognition but for the most part these impairments
are temporary (Kellner et al., 2010, Sackeim et al., 2007, Semkovska and McLoughlin,
2010, Rose et al., 2003). However, like other depression treatments the clinical efficacy
of ECT is temporary, with a 37% relapse rate at 6 months post-treatment being recorded

across studies (Jelovac et al., 2013).
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Despite being one of the most effective treatments for depression, its exact
mechanism of action is still unknown (Sienaert, 2014). Studies have demonstrated that
ECT regulates many of the systemic pathways indicated in depression, with a summary
of these effects shown in Figure 1.4. Small patient studies have indicated that ECT can
alter concentrations of monoamine metabolites in the CSF and result in a global decrease
of serotonin-1A receptor binding in the brain (Lanzenberger et al., 2013, Nikisch and
Mathe, 2008). Electroconvulsive stimulation (ECS), the animal model equivalent of ECT,
has also been reported to alter monoamine signalling (Deakin et al., 1981, Tsen et al.,

2013, Lillethorup et al., 2015).

ECT has also been implicated in regulation of the HPA axis, with ECT increasing
serum levels of ACTH, cortisol, and prolactin in patients with depression (Apéria et al.,
1985). ECT also decreased whole blood mRNA levels of glucocorticoid-induced leucine
zipper in patients with depression (Ryan and McLoughlin, 2019). In a separate study,
ECT has also been shown to reduce the cortisol awakening response in patients who

respond to ECT (Allen et al., 2018a).

ECT and the immune system has a complex relationship, with studies reporting
an initial transient increased in pro-inflammatory markers in response to ECT. However,
after repeated treatments with ECT this seems to be reversed and cytokine levels decrease
(van Buel et al., 2015) (Lehtiméki et al., 2008), with one study showing that one hour
after a single ECT TNF-a levels are raised, but after repeated stimulation these return to
healthy control levels (Hestad et al., 2003). Similarly, it has been shown that ECT
increased baseline levels of IL-6 in patients 4 hours after treatment, and in patients who
remit these levels are shown to be reduced towards the end of the course of ECT
treatment, indicating a long term anti-inflammatory effect (Jarventausta et al., 2017). The

reasons for an initial pro-inflammatory response to ECT are unclear with further studies
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needed to clarify how this relates to depression treatment. ECT has been reported to
acutely increase the number of white blood cells in whole blood, which could explain the

initial increase in pro-inflammatory cytokines (Fluitman et al., 2011).

Changes in neurotrophic factors have also been linked to the mechanism of action
of ECT, with changes in peripheral BDNF, VEGF and PEDF being reported (Rocha et
al., 2016, Ryan et al., 2017, Kolshus et al., 2017, Minelli et al., 2011). ECT has also been
reported to increase the volume of brain areas linked to depression, which may be
associated with treatment outcomes in depression (Cao et al., 2018, Cano et al., 2017,
Oltedal et al., 2018, Gbyl and Videbech, 2018). Results from rodent studies using ECS,
may be more informative of the role of neurotrophic factors in the response to ECT. ECS
has been reported to increase levels of BDNF and BDNF related miRNAs in several ECS
studies, indicating a role for growth factors in the molecular mechanism of ECT (Meyers

et al., 2018, Maynard et al., 2018, Ryan et al., 2013).

Data on ECT and oxidative stress are limited as it is a recent area of interest.
However, one study showed no change in total antioxidant capacity with ECT
(contradicting a theory that ECT might cause oxidative damage), while another reported
ECT increased mRNA levels of PGC-/« in patients with psychotic depression (Ryan et
al., 2018b, Senyurt et al., 2017). ECS has also been shown to increase the activity of
glutathione peroxidase (GSH-PX) and SOD, which are protective against oxidative stress

(Zupan et al., 2008)

ECT interacts with a wide range of systems/pathways that are implicated in
depression, making it difficult to determine an exact mechanism(s) of action. Numerous
studies have also tried to determine biomarkers that might predict response to ECT, and

although studies have identified different factors that may influence response (age,
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presence of psychotic features) there is currently no clear biomarker available (Pinna et

al., 2018).
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Figure 1.4 Molecular and biological changes in response to ECT

ECT acts on proteins/genes related to the different theories of depression. Abbreviations:
PGC-1a; Peroxisome proliferator-activated receptor gamma coactivator 1l-alpha, SOD;
superoxide dismutase, GSH-Px; glutathione peroxidase, GDNF; glial-derived neurotrophic
factor, VEGF; vascular endothelial growth factor, PEDF; pigment epithelial-derived growth
factor, BDNF; brain-derived neurotrophic factor GCL; granular cell layer, MTL; medial
temporal lobe, rPgACC; perigenual anterior cingulate cortex, ACTH; adrenocorticotropic
hormone, PRL; prolactin, TSH; thyroid stimulating hormone, GILZ; glucocorticoid-induced
leucine zipper, NK; natural killer, 5-HT1A,; serotonin receptor 1 HVA; homovanillic acid, 5-
H1AA,; 5-Hydroxyindoleacetic acid, H-DHA,; dihydroalprenolol NA; noradrenaline, DA;
dopaminergic, FMN; flavin mononucleotide.

1.1.5.5 Other treatments

Other alternative therapies for patients who do not respond to antidepressants include
transcranial magnetic stimulation, deep brain stimulation, transcranial direct
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current stimulation and vagus nerve stimulation. All of these therapeutic
neuromodulation methods have shown moderate efficacy when combined with
antidepressants based on meta-analysis (McGirr and Berlim, 2018, Garnaat et al., 2018,
Wei et al., 2017). However, it is an area that still needs further study with larger sample
sizes to fully optimise treatment parameters and evaluate clinical usefulness (Wei et al.,

2017, Croarkin and MacMaster, 2019).

1.1.5.6 Conclusion

Treatment of depression is still not ideal. The molecular mechanisms of the most effective
treatments are still unknown. Greater understanding of these mechanisms is needed to aid
in the development of better treatments. Clinical studies may also help predict which
patients will respond to each treatment, cancelling out the need for a patient to try several

course of drugs.

1.1.6 Changes in peripheral blood markers in depression

The current diagnosis of depression relies on clinical examination of depressive
symptoms, with no simple measurement from peripheral blood available to diagnose
depression (Hacimusalar and Esel, 2018, Perlman et al., 2019). One of the main issues
with studying biological mechanisms is the choice of tissue. Studies investigating
molecular markers in the brain, while informative and the optimal choice for depression
research, are impractical for diagnostic purposes and may also be influenced by other
factors in death (Mehta et al., 2010). Studies using cerebral spinal fluid (CSF) may also

reflect changes in the brain, but it is difficult to recruit patients to CSF studies. Therefore,
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peripheral blood (which shares roughly 82% of its gene expression with brain tissue), is

usually the tissue of choice (Liew et al., 2006).

As well as having the potential to be used as biomarkers and predict treatment
response, changes in peripheral blood markers might also help us understand the
biological mechanisms of depression by identifying new targets beyond the scope of

traditional theories.

1.1.6.1 MicroRNAs

MicroRNAs (miRNAs) have emerged as key regulators of post-translational gene
expression (Bartel, 2009, Pasquinelli, 2012). They consist of small non-protein coding
genes of approximately 21-23 bases that bind to target messenger RNA (mMRNA) to
regulate gene expression, by both inhibition of translation and RNA degradation (Kolshus
et al., 2014a, Lopez et al., 2017). Depression heritability is estimated to be 37%
(Bienvenu et al., 2011, Sullivan et al., 2000); therefore, regulation of gene expression
could play an important role in depression. miRNAs have been implicated in many
neuronal functions, with high turnover of the miRNAs shown to be activity dependent,
supporting an important role in adaptive features of the CNS such as plasticity (Krol et

al., 2010).

More recently, studies have started to investigate the role of miRNASs in
antidepressant response, stress resilience and depression characterisation. The first study
to link a possible depression target to a miRNA was in 2010, when miR-16 was found to
target the serotonin transporter (SERT) in vitro (Baudry et al., 2010). Since this study,
clinical miRNA research in depression has grown. For example, miRNAs 146a/b-5 and

425-3p and 24-3p have been implicated in treatment response in patients (Lopez et al.,
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2017). Previous research from my lab reported miR-126-3p and miR-106a-5p to be
differentially expressed in patients with depression with psychotic features in comparison
to patients without psychotic features and return to control levels following ECT,

implicating miRNAs in the mechanism of action of ECT (Kolshus et al., 2017).

Despite these interesting findings, data regarding miRNAs vary among studies
and no miRNA has been clearly linked to depression (Kolshus et al., 2014a). There are
miRNAs that are reported frequently in studies, usually with roles in neuroplasticity, but
no miRNA has been identified as a biomarker of depression (Gruzdev et al., 2019)
However, this is still a new field and further studies on miRNAs, using modern
techniques such as deep-sequencing may broaden our insights into the pathology of

depression and its therapeutic response.

1.1.6.2 Gene expression studies

Advances in technology have changed the way genetic markers can be studied, with next
generation sequencing and microarrays allowing us to profile thousands of genes
simultaneously. These technologies have been applied successfully to many diseases,
including cancer, aiding diagnosis, prognosis and in some cases predicting outcome to
therapy (Ciobanu et al., 2016). Over the past number of years numerous large genome-
wide association (GWAS) studies and candidate gene studies have attempted to find a
risk gene for depression, however no reproducible results have been reported (Menke,

2013).

Despite this, research into genetic markers of depression has continued, because
discovering a robust genetic marker of depression would provide tremendous insight into

its pathophysiology. However, the heterogeneity of depression makes this difficult
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(Ciobanu et al., 2016). Studies have also tried to find genetic markers of antidepressant
response, but no reliable predictors of antidepressant response have been identified. (Uher

etal., 2013).

Investigating gene targets regulated by miRNAs previously linked to depression
is also an interesting way to explore novel targets. For example, a deep-sequencing study
conducted by my lab identified two microRNAs that were altered in depression that
dually regulate three gene targets: VEGF, E2F1 and SIRTUIN1 (SIRT1). Of these, VEGF
was found to be significantly altered in psychotic depression (compared to healthy
controls and non-psychotic depression) and normalised following a course of ECT,
indicating VEGF as a potential marker to distinguish between psychotic and non-

psychotic depression (Kolshus et al., 2017).

Genes emerging from these studies are from various biological pathways,
indicating that there is possibly some master regulator upstream of these that could
potentially link all these together (Belzeaux et al., 2012). Therefore, more genetic screens,
with ideally larger sample sizes, are needed to identify a gene/miRNA that converges on

these pathways.

1.1.6.3 Protein studies

As the evidence for an effect of depression in the periphery has grown, so has the use of
molecular profiling for depression from plasma or serum (Guest et al., 2016). Hypothesis-
driven protein studies have been popular to try and identify trait/state features of
depression, but have also been unsuccessful at identifying a reliable marker for

depression (Comes et al., 2018). However, these studies can provide evidence to support
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the more modern theories of depression such as inflammation and neurotrophin

dysregulation (Levy et al., 2018, Kohler et al., 2017, Kohler et al., 2018).

More recently, proteomic approaches have been utilised to identify targets in
depression (Guest et al., 2016). Proteomics refers to the large scale analysis of the
proteome, the entire set of proteins that are produced by a cell, to obtain a more integrated
view of the biology of a disorder by studying all the proteins in the cell/tissue of interest
(Comes et al.,, 2018). These studies allow unbiased discovery of new targets for
depression as well as supporting existing theories (Carboni, 2015). Two-Dimensional Gel
Electrophoresis, mass spectrometry and multiplex immunoassays are popular methods
for proteomic studies, with enzyme-linked immunosorbent assay (ELISA) and western

blots typically being used to validate results (Guest et al., 2016).

To date a small number of proteomic studies comparing patients with depression
and healthy controls have been conducted, with all studies identifying neurotrophic
factors and proteins involved in inflammatory responses to be differentially expressed in
patients. However, these studies have also identified markers from other systems,
particularly metabolism. Differences in insulin expression has been detected in several
studies (Domenici et al., 2010, Arnold et al., 2012, Lamers et al., 2016), as well as several
proteins involved in lipid metabolism (Xu et al., 2012), and energy balance (Lamers et
al., 2016). Oxidative stress markers have also been identified in proteomic studies
(Stelzhammer et al., 2014). Extracellular matrix proteins (such as matrix
metallopeptidase 9), proteins involved in wound healing (tenascin-C, von Willebrand
factor) and signalling proteins (extracellular newly identified receptor for advanced
glycation end-products binding protein) have also been identified (Domenici et al., 2010,

Bot et al., 2015).
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A recent study from my lab took plasma samples from patients with depression
(n =30) pre/post ECT and carried out protein analysis using 2-dimensional difference in
gel electrophoresis and mass spectrometry. Of the protein spots identified and proteins
chosen for confirmation analysis, PEDF was confirmed to be increased in patients and
increased further following ECT, implicating PEDF in its mechanism of action (Ryan et

al., 2017). However, the initial PEDF increase merits further investigation.

Although these new studies identify new targets of potential interest in depression
(particularly metabolism), there have only been a few studies, with not much overlap
among them. However, many of these studies were performed in medication free patients
indicating that the results are due to the disorder, highlighting the ability of proteomic

studies to identify new directions for depression research.

1.1.6.4 Conclusion

Gene expression/proteomic studies are useful for providing supporting evidence to
existing theories of depression as well as identifying new pathways of interest. However,
the lack of continuity between studies indicates a lot more research is needed, ideally
with increased numbers and shared methodology between studies. Some studies also
provide opportunities for future exploration, as with our lab’s previous studies indicating
that further research into E2F1, SIRT1 and PEDF is needed (Kolshus et al., 2017, Ryan

etal., 2017).

1.2 E2F1
The E2F transcription factors were discovered as a family of proteins that bind to the

promotor region of the adenovirus E2 gene (Kovesdi et al., 1986). To date, eight family
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members (E2F1-8) have been identified. The E2F family play an important role in cell
cycle regulation (DeGregori and Johnson, 2006). E2F1, the first family member to be
cloned, is typically known as an activator E2F because it binds and activates the
transcription of proteins involved in cell cycle progression (Ertosun et al., 2016).
However, it has also been known to activate apoptosis in certain conditions (Ginsberg,
2002). Other functions, independent of the cell cycle, have also been reported for E2F1
including the detection and repair of damaged DNA, induction of cell senescence and,
more recently, regulation of metabolism (Stevens and La Thangue, 2004, Dimri et al.,
2000, Denechaud et al., 2017). These different functions depend on the various pathways

that E2F1 has been reported to signal through.

1.2.1 E2F1 signalling

E2F1 was found to be a cellular target of the retinoblastoma (Rb) protein, which in its
hypophosphorylated form binds and inhibits E2F1 function via a pocket domain on the
Rb protein (Bernards, 1997, Helin et al., 1993, Chellappan et al., 1991). Phosphorylation
of Rb by cylcin dependent kinases results in the release of E2F1, which then forms a
heterodimer complex with dimerization partner (DP) 1 or DP2 to become
transcriptionally active (Ertosun et al., 2016, Magae et al., 1996, Bernards, 1997). Once
active, E2F1 can regulate both proliferative and apoptotic pathways, as well as cell cycle

independent genes (see Figure 1.5).

In pro-proliferative pathways, activation of E2F1 progresses the cell cycle from
the late G1 (growth) phase to the S phase (DNA synthesis) through transcriptional
activation of targets related to DNA replication and cell cycle progression (Johnson et al.,

1993, Stanelle et al., 2002). E2F1 binding sites have been found in genes promoting the
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transition from G1-S phase, including the origin recognition complex, thymidine kinase,
dehydrofolate reductase, DNA polymerase-a, cdc2, c-myc, N-myc, c-myb, E-myb, cyclin
DI, and cyclin E (Sala et al., 1994, Muller and Helin, 2000, DeGregori et al., 1995, Ohtani

etal., 1996).

However, overexpression of E2F1 was found to induce apoptosis in cells via
premature S phase entry, indicating that E2F1 could have dual roles. It was also reported
that tumour protein 53 (p53) was involved in E2F1 mediated cell death (Qin et al., 1994,
Shan and Lee, 1994). Since these two original publications, it has been established that
E2F1 can induce apoptosis through both p53 dependent and p53 independent pathways
(Ginsberg, 2002). Abnormal expression of E2F1 induces p53 accumulation in cells,
which results in apoptosis via the p14ARF tumour suppressor gene and consequent p53
stabilisation and activation (Nip et al., 1997, Bates et al., 1998, Kowalik et al., 1995,
Ginsberg, 2002). Independent of pl4ARF, E2F1 activates the ATM serine/threonine
kinase signalling pathway in cell culture, leading to phosphorylation of p53 and
apoptosis/DNA damage (Pusapati et al., 2006, Lindstrom and Wiman, 2003). E2F1
increases p53 expression through activation of p73 (Irwin et al., 2000). E2F1 can also
activate apoptotic protease activating factor 1 (Apaf-1), a key molecule in mitochondrial
induced apoptosis through caspase activation, independent of p53 (Shakeri et al., 2017,
Moroni et al., 2001). Finally, E2F1 can inhibit the function of nuclear factor kappa-light-
chain-enhancer of activated B cells (NF-Kb), preventing the transcription of anti-
apoptotic genes (Tanaka et al., 2002, Ginsberg, 2002). Activation of these pathways result
in the activation of pro-apoptotic proteins including caspases and members of the B-cell

lymphoma 2 (bcl-2) family (Ertosun et al., 2016, Ginsberg, 2002).

E2F1 activates cell cycle arrest through regulation of pl18, pl19, p21 and p27,

indicating a possible role in cell senescence (Shats et al., 2017, Radhakrishnan et al.,
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2004). It has been proposed that levels of E2F1 in the cell determine cell fate with low
levels driving proliferation, moderate levels driving cell arrest and high levels inducing

apoptosis (Shats et al., 2017).

Separate to cell proliferation and death, E2F1 regulates genes/proteins that are not
directly linked to the cell cycle. For example, E2F1 has been shown to decrease Kir6.2
expression (a key component of the channel involved in insulin secretion), increase
peroxisome proliferator-activated receptor gamma (PPARy) expression (regulating
adipocyte differentiation), and repress myogenic differentiation protein (MyoD) and
myogenin, suggesting a role in myogenic regulation (Fajas et al., 2002, Annicotte et al.,
2009, Wang et al., 1995). Overall, these studies suggest an important role in metabolism
(Denechaud et al., 2017). Research into E2F1 signalling has proposed diverse roles for

this protein, in both normal physiological and pathological conditions.
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Figure 1.5 E2F1 cell signalling

EF21 signals through various pathways to promote cell cycle proliferation, arrest or apoptosis
depending on cell conditions and pathway activated. Independent of this E2F1 functions to
regulate aspects of metabolism including cell differentiation. Abbreviations: DHFR;
dihydrofolate reductase, ORC; origin recognition complex, Kir6.2; potassium voltage-gated
channel subfamily, PPARy; peroxisome proliferator-activated receptor gamma, MyoD;
myogenic differentiation protein, ATM; ATM serine/threonine kinase, p14ARF; ARF tumour
suppressor, apaf-1; Apoptotic protease activating factor 1; NF-xB; nuclear factor kappa-light-
chain-enhancer of activated B cells.

1.2.2 E2F1 and depression

No studies to date have directly linked E2F1 to depression. However, there has been some
interest in the effect of antidepressant treatment on cell cycle proteins, given the links
between depression and neurogenesis. Chronic treatment with antidepressants
(imipramine, fluoxetine and desipramine) in mice was shown to inhibit P21 expression
in the hippocampus (Pechnick et al., 2011). E2F1 and P21 have been reported to
negatively regulate each other by several studies (Gartel et al., 2000, Dimri et al., 1996,

Sharma et al., 2006). One study has also reported that ECS activates E2F1 protein, along
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with other cell cycle proteins such as cyclin-dependent kinase 2 (CDK2) (Kim et al.,
2005). However, whether E2F1 is dysregulated in depression or involved in

antidepressant treatment response is currently unknown.

1.3 Sirtuinl

The sirtuins are a group of seven (SIRT1-7) nicotinamide (NAD™)-dependent
deacetylases, classed as type Ill histone deacetylases (HDACs) (Michan and Sinclair,
2007, Whittle et al., 2007). Sirtuins are orthologous to the silent information regulator-2
(Sir2) protein which was first discovered in Saccharomyces cerevisiae and found to
extend their lifespan (Buler et al., 2016, Kaeberlein et al., 1999). Sir2 and mammalian
sirtuins function as enzymes that catalyse post-translational modifications of both histone
and non-histone proteins through direct deacetylation (Michan and Sinclair, 2007, Imai

et al., 2000).

Sirtuins have been reported to be expressed in all tissues, including the CNS
(Jayasena et al., 2016, Buler et al., 2016). SIRT1-7 have a highly conserved central
NAD"-binding and catalytic domain which is referred to as the core domain; however,
they can differ in their N and C termini, with SIRT1 being the closest orthologue to Sir2
(Haigis and Guarente, 2006, Haigis and Sinclair, 2010). SIRT1 is defined as a nuclear
protein, although there are reports that it can be released to the cytosol (Michishita et al.,
2005, Jin et al., 2007). SIRT1 has multiple substrates, including p53, Ku70, NF-kb,
forkhead proteins, and PGC-1a. (Haigis and Guarente, 2006). Through deacetylation of
these targets, SIRT1 has peripheral functions in glucose homeostasis, mitochondrial
biogenesis, DNA repair, inflammation and apoptosis, as well as aging (Inoue et al., 2017,

Oberdoerffer et al., 2008, Rodgers et al., 2005, Tissenbaum and Guarente, 2001, Vaziri
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et al., 2001). SIRT1 also functions in the central nervous system (CNS) and regulates
circadian rhythms, synaptic plasticity, and memory in animal studies (Asher et al., 2008,

Gao et al., 2010, Michan et al., 2010).

1.3.1 Sirtuinl signalling

SIRT1 interacts with both histone and non-histone proteins (Stunkel and Campbell,
2011). In vitro, the yeast protein Sir2 has been reported to deacetylate specific lysine
residues on various histones including histone H3 (K9,K14) and H4 (K16) (Imai et al.,
2000). Deactylation of H4-K16Ac and H3-K9 by human SIRT1 has also been
demonstrated in vitro, a function which has been reported to be essential for the formation
of heterochromatin and gene silencing (Vaquero et al., 2004, Vaquero et al., 2006).
SIRT1 also regulates a large number of non-histone protein targets, suggesting a wider
function than epigenetic silencing (Stunkel and Campbell, 2011, Huber and Superti-

Furga, 2011).

In the periphery and CNS, SIRT1 interacts with targets that are linked to cell cycle
regulation, metabolism, immune function and neuroprotection. One of the first non-
histone targets identified for SIRT1 was p53. SIRT1 was reported to bind to and reduce
its transcription and p53 dependent apoptosis in response to stress and DNA damage (Luo
etal., 2001, Vaziri et al., 2001). SIRT1 has been linked to deacetylation of Rb, leading to
activation of E2F1 and increased proliferation of both macrophages and glia (Jablonska
et al., 2016, Imperatore et al., 2017). SIRT1 can also deacetylate E2F1 and forkhead box
03 (FOXO03; a tumour suppressing protein) directly, which, along with its effect on p53,
strengthens its role as a cell cycle regulator and highlights its possible importance in

cancer biology (Imperatore et al., 2017, Jablonska et al., 2016, Brooks and Gu, 2008).
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SIRT1 signalling plays a role in immune function and has been demonstrated to
deacetylate the RelA/p65 subunit of NF-kB and forkheadbox O1 (FOXO1), inhibiting
the transcription of pro-inflammatory cytokines (Yeung et al., 2004, Zhu et al., 2019,
Schug et al., 2010, Zhao et al., 2015). The interaction between SIRT1 and NF-kB has
been reported to be protective in response to pro-inflammatory stimuli (e.g. TNF-a),
amyloid-beta induced cytotoxicity and brain injury (Chen et al., 2005, Liu et al., 2018,
Zhu et al., 2019). In response to these stimuli, SIRT1 reduces oxidative stress, through
both the NF-xB and FOXO pathways, as well as through regulation of SOD, NADPH
oxidase (NOX) and endothelial NOS (eNOS) pathways (Zhu et al., 2019, Zhang et al.,
2017). SIRT1 can also be protective against oxidative stress through deacetylation of
PGC-1o, the master regulator of mitochondrial function (Guo et al., 2014). Through
deacetylation of PGC-la and FOXOI1, SIRT1 signalling has been linked to cell
metabolism processes, including lipogenesis and gluconeogenesis (Dominy et al., 2010,

Rodgers et al., 2005, Rodgers and Puigserver, 2007, Frescas et al., 2005).

Other signalling pathways for SIRT1 include regulation of CLOCK genes through
deacetylation of Period Circadian Regulator 2 (PER2), possibly linking circadian
rhythms and cell metabolism (Asher et al., 2008). SIRT1 signals through ERK/Mitogen-
activated protein kinases (MAPK) signalling, which could be linked to a role in synaptic

plasticity (Abe-Higuchi et al., 2016, Gao et al., 2010, Michan et al., 2010).

Less is known about methods that regulate SIRT1, apart from levels of NAD".
Figure 1.6 give an overview of how SIRT1 might be regulated. It has recently been
shown that deleted in breast cancer 1 (DBC1) protein forms a complex with SIRT1 to
suppress its function (Nin et al., 2012), and phosphorylation by unknown kinases can
release SIRT1 from this complex, a process requiring AMP-activated protein

kinase (AMPK) (Nin et al., 2012, Lau et al., 2014). SIRT1 has been reported to have
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phosphorylation sites at sites that bind cell cycle proteins, indicating a potential role for
regulation of SIRT1 by the cell cycle (Sasaki et al., 2008). Finally, the cyclic adenosine
monophosphate (CAMP)/protein kinase A (PKA) pathway has also been reported to
phosphorylate SIRT1 (independent of NAD"), increasing its intrinsic deacetylase activity

and could be linked to its metabolic functions (Gerhart-Hines et al., 2011).

SIRT1 is a complex protein that, through its many targets, participates in

numerous cell functions that are vital to cell biology.
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Figure 1.6 SIRT1 regulation

SIRT1 is primarily thought to be regulated by NAD™* but recently adrenergic signalling
through cAMP and AMPK has been thought to activate SIRT1. Adapted from ‘The ways and
means that fine tune Sirtl activity’, Figure 1 (Revollo and Li, 2013). Abbreviations: NAD*;

nicotinamide adenine dinucleotide, NNMAT;
nicotinamidemononucleotideadenylyltransferase, NAMPT;
nicotinamidephosphorybosyltransferase, NAM; nicotinamide, NMN;

nicotinamidemononucleotide.
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1.3.2 Sirtuinl and depression

To date, a substantial amount of evidence for a role of SIRT1 in depression has be
reported. SIRT1 was first investigated in depression because of its links to circadian
rhythm, with an association between a SNP in the SIRT1 gene and depression in Japanese
patients with major depressive disorder (MDD; n = 450) reported (Kishi et al., 2010). A
subsequent GWAS linked SIRT1 to MDD, identifying a locus in the SIRT1 gene in Han

Chinese women with recurrent depression (5,303 cases; 5,337 controls (Cai et al., 2015).

Three studies have demonstrated reduced peripheral blood SIRT1 mRNA levels
in depression. The first study reported reduced SIRT1, SIRT2 and SIRT6 mRNA in a small
group of MDD (n = 20) and bipolar depressed (n = 12) patients compared to controls (n
= 28). Similar SIRT1 mRNA levels to controls were found in a group of MDD patients
(n =39) who attained remission (Abe et al., 2011). A second study demonstrated reduced
blood SIRT1 mRNA levels in a larger group of MDD patients (n = 50) from Shanghai
compared to controls (n=50), and this was confirmed in a separate group of MDD patients
(n =635) (Luo and Zhang, 2016). Finally, a recent study reported reduced SIRT1 mMRNA
levels in a group of drug naive depressed patients in comparison to controls, and reported
4 weeks treatment with citalopram attenuated this (Wang et al., 2018b). Table 1.2

summarises the available clinical studies on SIRT1 and depression.

Animal studies have linked SIRT1 to depression but with conflicting results.
Table 1.3 summarises this data. One of the first studies showed that mice lacking
functional SIRT1 are less anxious than wild-type littermates and less susceptible to
depressive-like behaviours (Libert et al., 2011). In contrast, chronic stress reduces Sirtl
MRNA, SIRTL1 activity, and protein levels in a mouse model of depression (Abe-Higuchi
et al., 2016). They also showed that SIRT1 inhibition in the dentate gyrus leads to a

depressive phenotype, whereas SIRT1 activation inhibited a chronic stress-induced
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depressive phenotype (Abe-Higuchi et al., 2016). In contrast, chronic variable stress has
also shown to increase SIRT1 activity in the dentate gyrus in male rats and inhibition of
SIRT1 has been reported to be protective in this model (Ferland et al., 2013). Therefore,
further animal studies would be needed to clarify the role of SIRT1 in depression as these

studies vary in both their species and depression model.

To date, as far as | am aware, no studies have assessed if there is any association
between SIRT1 mRNA levels and clinical outcomes, or if there are any differences
between different depression subtypes. To my knowledge, no studies have investigated
the effects of ECT on SIRT1 mRNA levels in human patients. Therefore, more work is
needed to evaluate the clinical usefulness of SIRT1 and to confirm if SIRT1 is involved

in the mechanistic action of ECT.
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Study Type  Disorder  Controls Summary Citation
GWAS MDD Yes Identified, and replicated in a second group, two loci contributing to risk of Caietal., 2015
(n=5303) (n=5337) MDD on chromosome 10: one near the SIRT1 gene
Gene MDD Yes Found an association between rs10997875 in SIRT1 gene and MDD but no Kishi et al., 2010
association (n=450) (n=766) association with therapeutic response to SSRIs
study
Gene BPD No Found an association between rs10997870 SIRT1 gene variant and suicidal Nivoli et al., 2016
association (n=180) behaviour in patients with bipolar depression
study
Gene MDD Yes SIRT1 mRNA levels were significantly lower in patients (in a current depressed  Abe et al., 2011
expression (n=20) (n=28) state) in comparison to controls, no differences observed with patients in a
study BPD remissive state
(n=12)
Gene MDD Yes SIRT1 mRNA levels were significantly lower in unmedicated patients with Luo and Zhang, 2016
expression (n =50) (n=50) depression in comparison to controls
study
Gene MDD Yes SIRT1 mRNA levels were significantly lower in unmedicated patients with Wang et al., 2018
expression (n=68) (n=42) depression in comparison to controls, this was attenuated after 4weeks treatment
study with citalopram (20 mg/day)

Table 1.2 Summary of the clinical data to support a role for SIRT1 in depression
Abbreviations: GWAS; genome wide association study, MDD; major depressive disorder, SSRIs; selective serotonin reuptake inhibitors, BPD; bipolar

depression.
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Species Animal model & Summary Citation

techniques used

mice Brain specific SIRT1  SIRT1 knock-out mice show a less anxious phenotype and have lower levels of Libert et al., 2011
knock-out mice, social MAO-A and less susceptible to depression and anhedonia following social
defeat model defeat. Mice overexpressing SIRT1 are more susceptible to depression

rat Chronic variable stress  Sirtinol (a sirtuin inhibitor) infusion into the DG prevented the CVS-mediated  Ferland et al., 2013
decrease in performance on the novel object location memory task and increase

in anhedonic behaviour and rescued CVS induced molecular changes

mouse n/a (naive) Electroconvulsive shock resulted in a gradual increase of SIRT1 Chung et al., 2013

immunoreactivity in the mouse hippocampus and hypothalamus

mice Chronic Ultra-Mild Chronic stress reduced SIRT1 in the dentate gyrus, inhibition SIRT1 resulted Abe-Higuchi et al.,
Stress in a depressive phenotype, SIRT1 activation blocked the development of 2016
depression-related phenotypes and aberrant dendritic structures elicited by

chronic stress

mice and rats  Chronic variable SIRT1 activity rapidly modulates intrinsic and synaptic properties of glutamate Yu et al., 2018
stress, signalling in the dentate gyrus granule cells. These effect were mediated
electrophysiology through BK channels, and the primary a subunit of BK channels was shown to

be a direct target of SIRT1 activity. SIRT1 activity was shown to modulate
anxiety behaviour with a SIRT1 activator increasing time spend in the middle

of an open field (blocking BK channels inhibited this).

Table 1.3 Summary of the animal literature to support a role for SIRT1 in depression
Abbreviations: MAO-A; monoamine oxidase A, DG; dentate gyrus, CVS; chronic variable stress, BK; big potassium channel
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1.4 Pigment epithelial-derived factor

Pigment epithelium-derived factor (PEDF) is a 50 kDA glycoprotein of the serine
protease inhibitor family that is widely expressed in both the CNS and periphery
(Tombran-Tink and Barnstable, 2003). It was first discovered in the medium of human
retinal pigment epithelium (RPE) cell cultures and was shown to induce a neuronal
phenotype of Y29 retinoblastoma cells, indicating it could be an important neurotrophic
factor (Tombrantink et al., 1991). Studies have subsequently shown that PEDF is
neuroprotective, against both oxidative stress from high glucose (DeCoster et al., 1999),
and neurotoxicity from high glutamate conditions (Zheng et al., 2010). PEDF has also
been shown to increase expression of other growth factors (e.g. BDNF) important for
neurogenesis (Yabe et al., 2004), and to alter the inflammatory profile of microglia

(Sanagi et al., 2005).

PEDF has been implicated in neurodegenerative diseases. For example, PEDF has
been implicated as a potential predictive biomarker of Alzheimer’s disease progression
(Hye et al., 2014). Memantine, an NMDA non-competitive antagonist used in the
treatment of Alzheimer’s, increases expression of PEDF and is involved in its enhancing
effect on hippocampal progenitor cells and neurogenesis (Namba et al., 2010). Therefore,

PEDF could have an important role to play in brain disorders.

1.4.1 Pigment epithelial-derived factor signalling

PEDF binds to a newly-identified membrane-linked receptor with lipase activity. This
membrane receptor has been shown to contain a functional phospholipase domain and a
transmembrane topology with extracellular loops that are able to interact with the PEDF

ligand (Subramanian et al., 2010). From here PEDF seems to be involved in a number of
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signalling pathways: both apoptotic pathways and pathways that lead to its antiangiogenic

and neurotrophic effects. Figure 1.7 summarises the protective effects of PEDF.

Studies have shown that PEDF mediates its antiangiogenic and apoptotic effects
through MAPK signalling — by increasing p38 and JNK1/2 (c-Jun N-terminal kinases)
phosphorylation and also through increasing levels of caspase 3 (Konson et al., 2018). It
has also been shown to inhibit the pro-angiogenic VEGF through activation of -
secretase, which then cleaves the VEGF1 receptor (Cai et al., 2006). This increased y-
secretase activity, coupled with reduced VEGF1 receptor surface expression, has also
been reported to be anti-inflammatory and protective in oxidative stress through reduction
of superoxides (Qi et al., 2012). Three main pathways have been linked to the
neuroptrotective effects of PEDF: Protein kinase B (Akt); extracellular signal-regulated
kinase (ERK); and peroxisome proliferator-activated receptor (PPARY) signalling (Yabe

etal., 2001, Yabe et al., 2005, Zhuang et al., 2016).

PEDF has been reported to increased phosphorylation of Akt, which in turn leads
to increased phosphorylation of cCAMP response element binding protein (CREB) and
IxBa (nuclear factor of kappa light polypeptide gene enhancer in B-cells inhibitor, alpha).
IxBa then activates NF-kB (). This leads to increased expression of pro-survival genes
such as superoxide dismutase 2 (SOD2) and Bcl-2, and neurotrophins such as nerve

growth factor, BDNF and GDNF (Yabe et al., 2001, Yabe et al., 2005).

However, it has also been reported that ERK signalling is necessary for the
neuroprotective effects of PEDF (Tsao et al., 2006). ERK has also been shown to activate
CREB and NF-kB. This could, therefore, be a common mechanism on which the two

pathways converge (Tsao et al., 2006).
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Finally, PEDF has been reported to activate PPARy resulting in decreased
reactive oxygen species (ROS) production and caspase activation and blocking PPARy
inhibits the protective effects of PEDF (Zhuang et al., 2016). Therefore, PPARy and

Akt/ERK signalling may be required for the neuroprotective effects of PEDF in the CNS.

( {BDNF, 1GDNF. {NGF. @)

.’) 1SOD2,1BCL2, |ROS )

i Anti-angiogenenic and Anti-apoptotic and B
anti-inflaimmatory effects Neuroprotective effects

Figure 1.7 Pigment epithelial-derived factor protective pathways

PEDF signals through Akt, ERK and PPARY to activate NF-kB to produce neurotrophic and
anti-apoptotic effects. PEDF also activates y-secretase, cleaving the VEGF-1 receptor to
produce anti-angiogenic and possible anti-inflammatory effects. Abbreviations: VEGF;
vascular endothelial growth factor, Akt;, protein kinase B, ERK; extracellular-signal-
regulated kinase, CREB; cAMP response element binding protein, IxkBa; nuclear factor of
kappa light polypeptide gene enhancer in B-cells inhibitor, alpha, NF-xB; nuclear factor
kappa-light-chain-enhancer of activated B cells; PPARy; Peroxisome proliferator-activated
receptor gamma, BDNF; brain-derived growth factor, GDNF; glial-derived growth factor,
NGF; nerve growth factor, SOD; superoxide dismutase, BCL2; B-cell lymphoma 2, ROS;
reactive oxygen species.

1.4.2 Pigment epithelial-derived factor and depression

Research on PEDF in depression is limited, with a previous study from my lab being one

of two clinical reports from the literature. This study reported that PEDF protein was
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increased in patients with depression, which was increased further by ECT. ECS was also
reported to increase PEDF expression in the rat hippocampus and blood (Ryan et al.,
2017). Previous to this there was just one clinical study that reported altered PEDF in
patients (n = 12) with depression (Ditzen et al., 2012). This study analysed the proteome
of the CSF from patients with depression and healthy controls using two-dimensional
polyacrylamide gel electrophoresis and time-of-flight mass spectrometry peptide
profiling. They reported an increase in PEDF using 2D-gel electrophoresis. In contrast,
the results of mass spectrometry showed a decrease in PEDF. The only other link between
PEDF and depression is an animal study that shows chronic fluoxetine treatment
increased SERPINF1 (PEDF encoding gene) mRNA expression in the hippocampus of
male mice (Miller et al., 2007). These studies support a role for PEDF, possibly in its
pathogenesis but also in the therapeutic action of antidepressants. However, much more
research is needed to assess what role PEDF may have in response to antidepressant

treatment.

1.5 Objectives
1.5.1 Aims

The exact molecular mechanisms behind the pathophysiology of depression and the
therapeutic action of ECT and ketamine still remain unclear. Evidence from my lab has
indicated four potential targets that merit further investigation. These include VEGFA,
E2F1 and SIRT1 which were indicated in a deep sequencing and gene target analysis
study (Kolshus et al., 2017), and PEDF which was identified in a proteomics study (Ryan
et al., 2017). The overall aim of the study is to investigate the role these genes may play
in depression and the antidepressant action of two treatments for treatment resistant

depression; ECT and ketamine.
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To my knowledge, no study has yet investigated if E2F1 or SIRT1 are involved
in treatment response or other clinical aspects of depression. The proteomics study from
my lab, which identified PEDF as a growth factor induced by ECT in the plasma of
depressed patients, also reported that PEDF levels are increased in medicated patients at
baseline. Therefore, this thesis aimed to investigate the effects of antidepressants on

PEDF levels in vitro to study how PEDF might be involved in their mechanisms of action.

Given the limited knowledge on the peripheral biological effects of ketamine in
patients, another aim of this thesis was to investigate if the genes highlighted from the
deep sequencing and proteomics studies conducted by my lab also change with a single
infusion of ketamine. As VEGF has been reported to play a role in the mechanism of
action of ketamine (Deyama et al., 2019), and is linked to PEDF signalling (Falk et al.,
2010), the role of these two genes in the molecular action of ketamine is of particular

interest.

Based on previous studies from my lab, and evidence from the literature my thesis

is based on the following hypotheses:

1. mRNA levels of E2F1 and SIRT1 will be altered in patients with depression in
comparison to healthy controls.

2. Levels of E2F1 and SIRT1 will be normalised following ECT.

3. There will be differences between patients with and without the presence of
psychosis.

4. As astrocytes play an important role in neuroprotection and production of growth
factors (Karki et al., 2014), it was hypothesised that astrocytes will be the primary
source of PEDF and that treatment with antidepressants will increase PEDF

MRNA and protein expression.
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5. Ketamine will have a similar effect to ECT on these genes (VEGFA, SERPINF1

(PEDF), E2F1 and SIRT1.

1.5.2 Objectives

1.

To analyse the levels of E2F1 mRNA in whole blood collected from patients
with depression and controls using RT-qPCR and to assess differences in the
levels of E2F1 mRNA in patients pre-/post-ECT.

To assess differences in E2F1 mRNA levels pre-/post-ECT in depression
subtypes (psychotic/non-psychotic, unipolar/bipolar).

To determine if E2F1 can predict clinical outcomes or if levels are associated
with mood scores based on the HAM-D24.

To analyse the levels of SIRT1 mRNA in whole blood collected from patients
with depression and controls using RT-qPCR and to assess differences in the
levels of SIRT1 mRNA in patients pre-/post-ECT.

To assess differences in SIRT1L mRNA levels pre-/post-ECT in depression
subtypes (psychotic/non-psychotic, unipolar/bipolar).

To determine if SIRT1 can predict clinical outcomes or if levels are associated
with HAM-D24 scores.

To analyse the effects of antidepressants on PEDF signalling in primary
neuronal and glial cell cultures.

To determine the effect of a single infusion of ketamine on VEGFA, E2F1,

SIRT1 and SERPINF1 (PEDF) mRNA expression.
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Chapter 2.
Materials and Methods
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Materials

General consumables and equipment

Olympus DP72 Microscope

Heraeus Multifuge 3SR Plus Centrifuge

Pipette tips (non-sterile)

TipOne® sterile pipette tips

10ml serological pipettes

25ml serological pipettes
RNase/DNase free PCR tubes
RNase/DNase free 1.5ml microtubes
Plastic syringes (5ml, 10ml, 15ml)
Sterile 15ml tubes

Sterile 50ml tubes

Sterile 1.5mI microtubes

General chemicals and reagents

Absolute Ethanol
Molecular Grade Ethanol
Proponol
-mercaptoethanol

Tween-20

Olympus Life Science
Thermo Scientific
Starstedt
StarLabs

VWR

Fisher

Starstedt
Starstedt

BD Plastics
Starstedt
Starstedt

Starstedt

Hazmat, TCD
Honeywell

Fisher Scientific
Sigma-Aldrich (Merck)

Sigma-Aldrich (Merck)
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Bovine Serum Albumin

Sodium Chloride (NaCL)

Potassium Chloride (KCL)

Sodium Phosphate Dibasic (NaHPO4)

Potassium Phosphate Monobasic (KH2POa)

Urea

RNA extraction

PAXgene Blood RNA tubes
PAXgene Blood mRNA Kit

RNase Zap Wipes

NanoDrop® 1000 UV-Vis Spectrophotometer

Sigma-Aldrich (Merck)
Sigma-Aldrich (Merck)

Sigma-Aldrich (Merck)

Sigma-Aldrich (Merck)

Sigma-Aldrich (Merc

Sigma-Aldrich (Merck)

Qiagen
Qiagen
Ambion

Fisher Scientific

cDNA synthesis and polymerase chain reaction (PCR)

Eppendorf® Master Gradient Cycler

Eppendorf® PCR Cooler

High Capacity cDNA Reverse Transcription Kit

RNase/DNase-free water

MicroAmp Fast 96 well optical reaction plates

Eppendorf
Sigma-Aldrich (Merck)
Applied Biosystems
Sigma-Aldrich (Merck)

Applied Biosystems
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MicroAmp Fast 96 well support base
Optical adhesive covers
TagMan® gene expression assays

TagMan® Fast Advanced Master Mix

High Capacity cDNA Reverse Transcription Kit

StepOne Plus™ Real-Time PCR system

Animals

Wistar rats (1-3 days old)

Cell culture plastics and equipment

Microflow horizontal laminar-flow hood
Olympus CKX41 inverted microscope
Steri cycle CO- incubator

Stuart si500 shaking incubator

Cell strainers (40uM)
Disposable sterile scalpels
Filter Sterilisers (0.2um)
Sterile 24 well plates

Sterile 96 well plates

Applied Biosystems
Applied Biosystems
Applied Biosystems
Applied Biosystems
Applied Biosystems

Applied Biosystems

Bioresources, TCD

Astec Microflow
Olympus Life Science
Fisher Scientific

Stuart Equipment

Corning
Swann-Morton
Millipore (Merck)
Starstedt

Starstedt
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Sterile pasteur Pipettes Starstedt

Sterile petri dishes VWR

Sterile T25 flasks Starstedt

Sterile T75 flask Starstedt
Haemocytometer Sigma-Aldrich (Merck)

Cell culture reagents

Agquaresist VWR
B-27 growth factor Gibco
Biocidal ZF™ VWR
Dimethyl Sulfoxide Sigma-Aldrich (Merck)

Dulbecco's Modified Eagle's Medium/

Nutrient F-12 Ham (DMEM/F12) Sigma-Aldrich (Merck)
Dulbecco’s phosphate buffered saline (DPBS) (1X) Gibco

Fluoxetine Hydrochloride Sigma-Aldrich (Merck)
Foetal Bovine Serum Gibco

Glutamax Gibco

GM-CSF Biolegend

Imipramine Hydrochloride Sigma-Aldrich (Merck)
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LDH assay kit

M-CSF

MTT Salts
Neurobasal-A media
Norepinephrine bitartrate salt
NucleoSpin RNA kit
Penicillin-streptomycin
Poly-D-Lysine
Resazurin sodium salt
Trypan Blue
Trypsin-EDTA

Virkon

Protein analysis reagents and equipment

MSD® V-PLEX VEGFA Human kit
ChemiKine™ PEDF human ELISA
PEDF ELISA Kit (rat)

Synergy™ HT plate reader

MESO QuickPlex SQ 120 plate reader

PMS 1000i microplate shaker

Fisher Scientific
Biolegend
Sigma-Aldrich (Merck)
Gibco

Sigma-Aldrich (Merck)
Macherey-Nagel
Sigma-Aldrich (Merck)
Sigma-Aldrich (Merck)
Sigma-Aldrich (Merck)
Sigma-Aldrich (Merck)
Sigma-Aldrich (Merck)

Fisher Scientific

Mesoscale
Millipore (Merck)
ELISAGenie
Biotek (Agilent)
Mesoscale

Grant Instruments
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2.2 Methods
2.2.1 Human studies

The studies in this thesis included participants recruited as part of the EFFECT-Dep
(Enhancing the Effectiveness of ECT in Severe Depression, ISRCTN23577151) and the
KARMA-Dep (The Ketamine as an Adjunctive Therapy for Major Depression

NCT03256162) trials.

2.2.1.1 The EFFECT-Dep Trial

The EFFECT-Dep Trial (Enhancing the Effectiveness of ECT in Severe Depression,
ISRCTN23577151) (Semkovska et al., 2016) took place in St Patrick’s Mental Health
Services, Dublin (www.stpatricks.ie) and recruitment was carried out between May 2008
and October 2012. The study was approved by the St. Patrick’s University Hospital
research ethics committee and written informed consent was obtained from all
participants. This was a pragmatic, randomised, patient- and rater-blinded, non-
inferiority trial. To be eligible, participants were over 18 years old and referred for ECT
for a major depressive episode as diagnosed by the Structured Clinical Interview for
DSM-1V Axis | Disorders (SCID-I) (First et al., 1995). Patients were also assessed using
the Hamilton Depression Rating Scale 24-item version (HAM-D24) (Beckham and
Leber, 1985) and had a score > 21. Exclusion criteria included a history of schizophrenia,
schizoaffective disorder, dementia; alcohol or substance abuse in the previous six
months; involuntary status; inability or refusal to provide consent. Patients remained on
their regular medication throughout the trial. Unilateral or bitemporal ECT was

administered twice-weekly (Semkovska et al., 2016).
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Patients who gave consent to participate in the trial were administered
electroconvulsive therapy (ECT) twice weekly using a Mecta 5000M device, (Mecta
Corp., Portland, Ore.; maximum1200mC) according to Royal College of Psychiatrists’
guidelines. Methohexital (0.75 mg/kg — 1.0 mg/kg) was used for anaesthesia, and
succinylcholine (0.5 mg/kg — 1.0 mg/kg) for muscle relaxation (Benbow, 2002). Seizure
threshold was established at the first session. Subsequent treatments were administered
at 1.5 x threshold for bitemporal and 6 x threshold for unilateral ECT. Up to 12 ECT
sessions were administered, the number for each patient was determined by referring

clinicians in consultation with patients.

Response to ECT was defined as a > 60% reduction in baseline HAM-D24 and a
score < 16. For remission status a patient had to have a> 60% reduction in baseline HAM-

D24 and a score < 10 for two consecutive weeks.

Patient fasting blood samples were collected 07.30 — 09.30 on the morning of the
first ECT and 1 — 3 days after the final treatment. Their medical/clinical history was

collected from patient interviews and their patient files.

2.2.1.2 The KARMA-Dep Trial

The Ketamine as an Adjunctive Therapy for Major Depression (KARMA-Dep) trial
(NCT03256162) was carried out in St Patrick’s Mental Health Services, Dublin
(www.stpatricks.ie). St. Patrick’s University Hospital research ethics committee
approved this study and recruitment took place from September 2017 to September 2018.
This study was a pragmatic, randomised, controlled, parallel-group, double-blinded pilot
trial. As a pilot trial, the main aim of the study was to assess trial procedures (such as

recruitment and safety) to inform a larger definitive trial (Arnold et al., 2009, Thabane et
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al., 2010). Trial participants were patients admitted to St Patrick's University Hospital for
treatment of a depressive episode. Inclusion and exclusion criteria are listed in Table 2.1

below.

Inclusion criteria

>18 years old

Hamilton Rating Scale for Depression-24 item version (HAM-D24) score of > 21

Voluntary admission for treatment of an acute depressive episode

Meet Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-V), criteria
for a major depressive disorder (MDD) or bipolar affective disorder (current episode
depression)

Exclusion Criteria

Current involuntary admission

Medical condition rendering unfit for ketamine/midazolam

Active suicidal intention

Dementia

History of Axis 1 diagnosis other than major depression

Electroconvulsive Therapy (ECT) administered within the last two months
Alcohol/substance dependence in previous six-months

Pregnancy or inability to confirm use of adequate contraception during the trial

Breastfeeding women

Table 2.1 Criteria list for the KARMA-Dep Trial

Abbreviations: HAM-D24, Hamilton Rating Scale for Depression-24 item version; DSM-V,
Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition; MDD, major depressive
disorder; ECT, electroconvulsive therapy.

To be considered for the trial a patient had to be referred for treatment of a major
depressive episode as diagnosed by the Structured Clinical Interview for DSM-1V Axis |
Disorders (SCID-I), 5th edition (First et al., 2002), and score > 21 on the Hamilton
Depression Rating Scale 24-item version (HAM-D24) (Beckham and Leber, 1985). If
written consent was obtained and a patient met all other criteria, they were then block
randomised to receive either ketamine or midazolam infusions. Midazolam was used as

an active placebo to minimize the unblinding risk as it has pharmacokinetic
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characteristics similar to those of ketamine (including fast onset of action and short
elimination half-life) (Fava et al., 2018, Murrough et al., 2013). Participants received
either four once-weekly slow (40 minutes) infusions of ketamine at 0.5 mg/kg or
midazolam at 0.045 mg/kg. PAXgene blood samples were taken one hour before and four
hours after the first infusion. Both groups continued their usual inpatient care as
prescribed by their treating team. The primary outcome measurement for this trial was
the Hamilton Rating Scale for Depression-24 item version (HAM-D24). Secondary
outcome measures included the Clinician-Administered Dissociative States Scale

(CADSS) to measure dissociative symptoms (Bremner et al., 1998).

2.2.1.3 Healthy controls

Additionally, healthy controls were recruited through St. Patrick’s Mental Health
Services via newspapers and social media. To be included, a healthy control had to score
<10 on the HAM-D24 and could not have a history of a psychiatric disorder or any other
severe medical issues. Fasting blood samples and medical/clinical history were obtained

from healthy controls on the morning of their assessment.

2.2.1.4 Clinical variables
2.2.1.4.1 Diagnostic assessment

The SCID-1 was used to confirm the presence or absence of a major depressive disorder
in all patients and controls (First et al., 2002). This is a semi-structured clinical interview
designed to diagnose mental illness based on DSM-IV criteria. The research version
differs slightly from the clinical version. It is slightly longer and contains more subtypes

(including psychotic depression, bipolar episodes) and a severity rating.
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2.2.1.4.2 Depression ratings

Depression severity at baseline and at end of treatment was measured using the Hamilton
Depression Rating Scale (HAM-D) (Beckham and Leber, 1985). This is one of the most
commonly used rating scales in major depression and has been widely used in the ECT
literature. The Hamilton Depression Rating Scale originally had 17 items and has been
updated several times to include more items linked to depression. For the studies used in
this thesis the 24 item version was used. The HAM-D24 measures depressive symptom
severity and can track changes over time. The HAM-D24 takes approximately 20 minutes
to complete and the total score ranges from 0 to 77 with a high score reflecting a higher
depression severity. The HAM-D24 includes questions on mood, appetite, sleep, anxiety
as well as thoughts of guilt, suicide and worthlessness. The HAM-D has been shown to

have good validity as well as inter-rater reliability (Miller et al., 1985, Maier et al., 1988).

The presence of psychosis and its severity was measured using the Brief
Psychiatric Rating Scale (BPRS) (Overall and Gorham, 1962). The BPRS assesses the
level of 18 psychotic symptom constructs including hostility, suspiciousness,

hallucination, and grandiosity.

2.2.1.4.3 The Clinician-Administered Dissociative States Scale (CADSS)

Dissociative symptoms include: gaps in memory not due to ordinary forgetting; out of
body experiences; changes in visual perception; and identity disturbances (Bremner et
al., 1998). These symptoms can occur with ketamine administration and have been linked
to its clinical efficacy (Luckenbaugh et al., 2014). The Clinician-Administered
Dissociative States Scale (CADSS) is a 27-item scale with 19 subject-rated items and 8

items scored by an observer. The subjective component consists of 19 items administered
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by a clinician. The subject can respond with five answers: 0 (not at all), 1 (slightly), 2
(moderately), 3 (considerably), 4 (extremely). The observer component consists of eight
behavioural items that are consistent with the presence of a dissociative state. The
CADSS has shown high inner-rater reliability and consistency. It has also been shown to

be a valid instrument for measuring dissociative state (Bremner et al., 1998).

2.2.1.5 Blood collection

As samples were taken in a clinical setting whole blood samples for mRNA analysis were
unable to be processed on collection. Therefore, the PAXgene system was used for
collection to prevent degradation of RNA by RNases (enzymes) ex-vivo (Qiagen Inc.,
USA) and for subsequent molecular analysis. These tubes contain a reagent that will
disrupt blood cells and stabilise the released RNA so that molecular results will reflect
the intracellular state (Rainen et al., 2002). Samples were left at room temperature for 2
hours, transferred to —20°C for 24 hours and then stored at —80°C until use. A technical
note from Qiagen recommends that samples stored at -80°C can be used for up to 96
months without any change in RNA stability. Blood samples for plasma will be collected
using K2EDTA vacutainer tubes (BD, Oxford, UK). Tubes were centrifuged at 2000rpm

for 10 minutes. Plasma was then aliquoted and stored at —80°C until use.

2.2.1.6 RNA extraction

MRNA was extracted from whole blood using the PAXgene Blood RNA kit according to
the manufacturer’s instructions (Qiagen Inc., USA). Before RNA extraction was carried
out all work surfaces and equipment were cleaned using RNase Zap wipes to remove any

degrading RNases. Figure 2.1 gives an overview of the extraction steps.
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Figure 2.1 The Manual PAXgene Blood RNA Procedure
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Adapted from the PAXgene Blood Protocol booklet, available at www.giagen.com.

Frozen PAXgene tubes were thawed at room temperature for a minimum of 2 hours, and

then centrifuged for 10 minutes at 3000 x g. The supernatant was then discarded and 4

mL RNase-free water was added to the pellet. The pellet was vortexed until dissolved

and then centrifuged for a further 10 minutes at 3000 x g. The supernatant was discarded
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and 350uL of resuspension buffer 1 was added to the pellet. The pellet was vortexed until
dissolved and added to a 1.5mL microcentrifuge tube together with 300uL of binding
buffer. 40uL of proteinase K was then added to remove any endonucleases that might

contaminate the RNA.

The sample was incubated for 10 minutes at 55°C in a shaker-incubator at
300rpm. The samples were then passed through PAXgene shredder spin columns at
18,000 x g for three minutes. The flow-through supernatant was added to a new 1.5mL
microcentrifuge tube and 350uL of molecular grade ethanol was added. The sample was

then vortexed.

Samples were passed through PAXgene spin columns, which allows the RNA to
bind to silica membranes. 350uL of wash buffer 3 was added to the spin columns, which
were then centrifuged for 1 minute at 18,000 x g. 80uL. of DNase incubation mix was
then pipetted directly onto the spin column membrane to remove any DNA

contamination. This was left to incubate at room temperature for 15 minutes.

A series of washes were then carried out: 350uL. wash buffer 3 for 1 minute at
18,000 x g; 500uL of wash buffer 4 for 1 minute at 18,000 x g; 500uL of wash buffer 4
for 3minutes; followed by a final spin for 1 minute at 18,000 x g to dry the column. The
column was then placed in a fresh 1.5ml microcentrifuge tube and 40uL of elution buffer
5 was then added directly to the spin columns. The samples were centrifuged for one
minute at 18,000 x g. This step was repeated with another 40uL of elution buffer 5 to
release the RNA from the silico membranes. The RNA was then divided into 10uL

aliquots and stored at -80°C.
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2.2.1.7 RNA quality analysis

RNA quantification and quality analysis were performed using the NanoDrop® 1000 UV-
Vis Spectrophotometer. Before quantification, the spectrophotometer was blanked using
1uL of the elution buffer used on the sample. The spectrophotometer was cleaned using
a tissue (between each sample analysis) and 1uL of the RNA sample was then placed on
the NanoDrop and the absorbance at 260 nm (A260) and 280 nm (A280) was measured.
The A260 measures the RNA concentration of the sample, and the A260/A280 ratio gives
an indication of the purity of the sample. A A260/A280 ratio >1.8 is largely considered
suitable for gene expression analysis (Becker et al., 2010). Samples were then equalized

to 10 ng/uL using RNase-free water.

2.2.1.8 cDNA synthesis

cDNA synthesis was carried out using the High Capacity cDNA Reverse Transcription
Kit (Applied Biosystems) on mRNA samples equalised to 10ng/pL. The components of
this kit were thawed on ice. A master mix was made up as shown in Table 2.2, with the

enzyme added just before the master mix was added to the samples.

Component Volume (per reaction)
10xRT Buffer 2.0 uL

25¢ dNTP Mix (100mM) 0.8 UL

10x RT Random Primers 2.0 uL

Multiscribe™ Reverse Transcriptase 1.0 uL

Nuclease-free water 4.2 uL

Total 10.0 pL

Table 2.2 cDNA synthesis master mix reagents
Abbreviations: RT; reverse transcriptase, dNTPS; deoxynucleotide triphosphates
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The master mix was added to the mRNA samples at a 1:1 ratio. Samples were then mixed
and spun down before being placed in the thermal cycler. A no template control (NTC)
and a no reverse transcriptase control (NRT) were also made up. The NTC was made by
added the master mix to an equal volume of RNase free water to test for contamination
of the reagents. For the NRT a separate master mix was made up that replaced the enzyme
with water. This was then added to a selected MRNA sample to test for genomic DNA
contamination. The thermal cycler was then run at the following conditions: 25°C for 10
minutes; 37°C for 120 minutes; 85°C for 5 minutes; followed by a hold at 4°C until
samples were taken from the cycler. Samples were then diluted to a 1:3.5 ratio as

recommended by Applied Biosystems.

2.2.1.9 Multiplex quantitative real-time polymerase chain reaction (QRT-PCR)

For mRNA gene expression analysis a two-step multiplex quantitative real-time
polymerase chain reaction (QRT-PCR) was carried using a StepOne Plus™ Real-Time
PCR system (Applied Biosystems). Multiplex gqRT-PCR is advantageous in that the
analysis of both the target of interest and the endogenous control occur on the same plate.
TagMan® gene expression assays and TagMan Fast Advanced Master Mix® (Applied
Biosystems) were used for this. These assays contain a primer for the target of interest
containing a 6-carboxyfluorescein (FAM) labelled probe as well as a VIC labelled probe
for the endogenous control, which in these studies was glyceraldehyde 3-phosphate
dehydrogenase (GAPDH). GAPDH was chosen as an endogenous control as it had been
previously tested against five controls in my lab and shown to have the highest stability
in response to ECT treatment. Labelling primers with different fluorescent probes allows
the detection of multiple targets in the same PCR run (Blacket et al., 2012). The assay

IDs for the primer used in this thesis are presented in Table 2.3.
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Gene Target Assay ID

GAPDH Hs02758991_g1
SIRT1 Hs01009006_m1
E2F1 Hs00153451_m1
VEGFA Hs00900055_m1
SERPINF1 (PEDF) Hs01106934_m1

Table 2.3 Assay IDs for primer used in human gene expression analysis

The gRT-PCR was then carried out according to the manufacturer’s instructions.
All necessary components were first thawed on ice. A master mix of SuLL of TagMan Fast
Advanced Master Mix and 0.5uL of the target primer and 0.5uL of the endogenous
control primer was then made for every sample. The master mix (6ulL) was added to each
well of the PCR plate along with 4uL of cDNA. Samples were plated in duplicate. Inner
plate calibrators were used to control for variation between plates. cDNA from four
healthy participants were used as inner plate calibrators. The plates were then sealed
using an optical film (Applied Biosystems) and scored between wells to prevent mixing

of samples. The plate was then spun down at 800rpm for 1 minute.

The PCR plates were run using the following thermal cycling conditions: Uracil-
N-glycosylase incubation at 50°C for 2 minutes; a polymerase activation step of 95 °C
for 20 seconds followed by 40 cycles of two-step PCR consisting of a denaturation step
at 95°C for 1 second and an annealing/extension step at 60°C for 20 seconds. At the end
of RT-PCR the StepOne PlusTM Software generated cycle threshold (CT) values for the

genes of interest.
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2.2.1.10 Gene expression analysis

The comparative CT (or 2—AACT) method was used to assess gene expression (Livak
and Schmittgen, 2001). This method compares relative gene expression between two
different samples, such as treated vs. controls or before and after treatment rather than
absolute quantification. A reference sample is needed for this and one of the inner plate
calibrators was used. For all plates the same threshold and baseline cycle was selected
for each gene. Once analysis on the StepOne PlusTM Software was complete, gRT-PCR
files were analysed using gBase+ to correct for variability between gRT-PCR runs

(Hellemans et al., 2007).

2.2.1.11 Protein analysis

Plasma samples for protein analysis were thawed on ice. Samples were then centrifuged

at 2000 x g for 3 minutes to pellet any debris.

2.2.1.11.1 Vascular endothelial growth factor A protein analysis

VEGFA protein analysis was carried out using the MSD® V-PLEX Cytokine Panel 1
Human Kit (Mesoscale, USA) according to the manufacturer’s instructions. Plasma
samples were thawed on ice, and then diluted 1:2 with the sample diluent 43 provided
with the kit. 9 calibrators for generating a standard curve were then prepared by serial
dilution using diluent 43 and a lyophilised calibrator. The plate was then washed 3 times
with 250uL of wash buffer (IX PBS pH 7.3 with 0.05% Tween 20). 1X PBS was made
up as follows; 137mM NaCL (MW = 58.44g/mol, 8.01g/L), 2.7mM KCL (MW =
74.55g/mol, 0.20G/L), 8.1mM NaHPO4s (MW = 141.96g/mol, 1.15¢/L) and 1.5mM

KH2PO4s (MW = 136.09g/mol, 0.20g/L). 50uL of samples and the calibrators were then
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added to the wells. The plate was sealed, and incubated overnight at 4°C on a plate shaker
at 1000rpm. The next day the plate was washed 3 times with 150uL of wash buffer. 25uL
of detection antibody was then added to each well. The plate was sealed and incubated
for 2 hours at room temperature on a plate shaker at 1000rpm. Following this incubation
the plate was washed 3 times with 150uL of wash buffer. 150uL of read buffer was then
added to the wells. The plate was then read using the Mesoscale QuickPlex SQ 120

machine. Date was analysed using the mesoscale discovery workbench version 1300.

2.2.1.11.2 Pigment epithelial-derived factor protein analysis

PEDF protein was analysed using the ChemiKine™ Pigment Epithelium Derived Factor,
Sandwich ELISA (Merck, UK) according to the manufacturer’s instructions. For total
PEDF protein analysis samples were incubated with 8M Urea (MW = 60.06g/mol). A
16M urea solution was made up and diluted 1:2 with the samples (9.9096¢g in 120ml dH20)
for 1 hour on ice. Samples were then diluted 1:400 with the reagent diluent supplied by
the kit. The PEDF standard vial was then reconstituted in 500uL of H>O to give a
concentration of 500ng/ml. This was diluted to 62.5ng/ml in reagent diluent for the top
standard, and a 1:2 dilution was then carried out to yield 7 standards (62.5ng/ml —
0.98ng/ml) and a 0 dose/blank. 100uL of standards and samples were then plated in
duplicate and incubated at 37°C for 1 hour. The plate was then washed four times with
250uL of wash buffer. 100uL of Biotinylated Mouse Anti-Human PEDF monoclonal
antibody (diluted 1:250) was added to each well and incubated at 37°C for 1 hour. The
wash step was repeated. 100uL of streptavidin peroxidase conjugate (diluted 1:10000)
was the added and incubated at 37°C for 1 hour. The wash step was repeated. Warm
3,3°,5,5’-Tetramethylbenzidine (TMB) solution was then added (100uL/well). After 5

minutes at room temperature the reaction was stopped using 50uL of stop solution. The
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absorbance was then read at 450nm. A standard curve was plotted and used to determine

the concentration of each sample.

2.2.1.12 Statistical analysis

Data were analysed using SPSS version 21.0 (IBM Corporation, NY, USA) and graphs
generated using GraphPad Prism 5 (GraphPad Software, California, USA). Data were
tested for normality using a Shapiro-Wilk test and log-transformed where necessary.
Baseline clinical and demographic factors are presented as means with standard deviation
(SD), or number (%) per group. | adjusted for potential variance covariates that were
selected from the literature for each gene of interest, as well as demographic and clinical

characteristics that differed significantly between patient and control groups.

Data were analysed using independent t-tests, paired t-tests, Mann-Whitney U
tests for non-parametric data, or general linear models. Categorical data were tested using
a chi-square test (y2) or Fisher’s exact test when group numbers were small. For
correlational analyses, data were analysed with Pearson’s product-moment correlation
coefficient (Pearson’s r) for parametric data and Spearman’s rank correlation coefficient

rho (p) for non-parametric data.

Differences with p < 0.05 were deemed statistically significant. For exploratory
correlation analyses, a p-value < 0.01 was used to correct for testing on multiple

subgroups.
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2.2.2 Animal studies
2.2.2.1 Animals and electroconvulsive stimulation procedures

Experimental procedures were carried out in compliance with the European Council
Directive (86/609/EEC). Male Sprague-Dawley rats, weighing 150 - 200g on arrival,
were housed four per cage. Animals were maintained at an anambient temperature of 20
+ 1 °C with lighting on a 12 hour light-dark cycle. Animals were given free access to
food and water. Prior to experimentation animals were handled for one week to habituate
them to the ear-clips used for ECS and to alleviate any stress that may be caused by

animal handling.

Animals were the randomised to receive either acute (single) or chronic
electroconvulsive stimulation (ECS) or sham treatment as a control (n = 8 per group).
ECS or sham treatment was given three times per week (Monday, Wednesday and Friday)
to mimic clinical settings. For chronic ECS 10 treatments were given. ECS was
administered via ear-clip electrodes using the ECT Unit 57 800 device (Ugo Basile, Italy).
Brief-pulse ECS treatment parameters were as follows: 0.5 millisecond pulse width, 100
pulses per second, 75 milliAmps, 0.7 second duration. For sham treatment no charge was
administered. Animals were only included in the study if a tonic—clonic seizure was

successfully induced on each treatment day.

Four hours following a single (acute) treatment or after the tenth (chronic)
treatment animals were sacrificed under isoflurane anaesthesia. Whole blood was
harvested by cardiac puncture into K2EDTA coated syringes. Blood was then transferred
to RNAbprotect Animal Blood Tubes (Qiagen). Rats were then immediately decapitated
and the brains removed from the skull. Any large blood vessels were removed and then
the dentate gyrus, hippocampal formation, dentate gyrus, frontal cortex and the

cerebellum were dissected out by hand and snap-frozen on dry-ice.
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2.2.2.2 RNA extraction

Total RNA was extracted from the brain tissue using a mir-Vana miRNA Isolation kit
according to the manufacturer’s instructions. For whole blood RNA extraction the

RNeasy Protect Animal Blood Kit was used.

2.2.2.2.1 Brain tissue extraction

The tissue sample was first weighed. 10 volumes of Lysis/Binding Buffer per tissue mass
was placed on ice. The tissue was grinded into a powder and placed into the Lysis/Binding
Buffer and mixed rapidly. The mixture was homogenised until all visible clumps wee

removed.

1/10 volume of miRNA Homogenate Additive was added to the tissue
homogenate, and mixed by vortexing. A volume of acid-Phenol:Chloroform that is equal

to the lysate

volume before addition of the miRNA Homogenate Additive was added. The sample was
the mixed by vortexing for 30 - 60 seconds. The sample was centrifuged for five minutes
at maximum 10,000 x g at room temperature to separate the aqueous and organic phases.

The aqueous (upper) phase was removed and transferred to a fresh tube.

1.25 volumes of room temperature 100% ethanol was added to the aqueous phase.
The sample was pipetted onto a Filter Cartridge and centrifuged for 15 seconds to pass
the mixture through the filter. The flow through was discarded. A series of wash steps
was then performed. The sample was washed twice with 500 pL of Wash Solution 2/3.
The filter cartridge was then placed in a collection tube and 100uL of Nuclease-free
Water was added to the sample to elute the RNA. The tube was spun at maximum speed

for 1 minute to collect the RNA which was then aliquoted and stored at -80 °C
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2.2.2.2.2 Whole blood RNA extraction

The RNAprotect Animal Blood Tube was placed in a centrifuge for 3 minutes at 5000 x
g and the supernatant removed. 1ml of RNase-free water was added to the pellet which
was then mixed by vortexing. The sample was spun again for 3 minutes. The entire
supernatant was then removed by pipetting. 240ul of a resuspension Buffer was added
and then mixed by vortexing until the pellet is visibly dissolved. The sample was placed
in a 1.5 ml collection tube. 200ul Buffer RBT and 20ul proteinase K was added. The
sample was mixed by vortexing for five seconds, and incubated for 10 minutes at 55°C

in a shaker—incubator at 300rpm.

The sample was pipetted into a QlAshredder spin column centrifuged for 3
minutes at 17000 x g. The entire supernatant was placed in a 1.5 ml collection tube and
240ul ethanol was added. The sample was then pipetted into an RNeasy MinElute spin
column and placed in the centrifuge for 1 minute at at 17000 x g. 350ul Buffer RW1 was
added to the RNeasy MinElute spin column and centrifuged for 15 seconds. 10ul DNase
I stock solution was added to 70ul Buffer RDD in a 1.5 ml microcentrifuge tube and
mixed. The DNase | incubation mix was added directly to the spin column membrane

and incubated for 15 minutes at room temperature.

350pl Buffer RW1 was added to the RNeasy MinElute spin column and
centrifuged for 15 seconds. 500ul Buffer RPE was then added to the RNeasy MinElute
spin column and the sample was spun at 17,000 x g for 15 seconds. The column was then
washed with 500 pl of 80% ethanol at 17,000 x g for 15 seconds. The tube was then spun
for 5 minutes to dry the column. 30ul Buffer REB was added directly onto the spin
column membrane to elute the RNA. This was spun for 1 minute at 17,000 x g to collect

the RNA. Samples were then stored at -80°C until use.
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2.2.2.3 RNA quality analysis
RNA quality analysis was carried out as described in section 2.2.1.7 with one minor

change. Samples were normalised to 30ng/uL using RNase-free water.

2.2.2.4 cDNA synthesis and multiplex quantitative real-time polymerase chain
reaction (QRT-PCR)

cDNA synthesis, qRT-PCR and gene expression analysis were carried out as described

in section 2.2.1.8 — 2.2.1.10 with the primers used outlines in Table 2.4 below.

Gene Target Assay ID

Gapdh RN99999916_s1
Sirtl Rn01428096_m1
E2f1 Rn00153451_m1

Table 2.4 Assay IDs for primer used in rat gene expression analysis

2.2.2.5 Statistical analysis

All data are presented as mean + SD and were analysed using GraphPad Prism, version
5.0 (GraphPad Software, USA). A Sharpiro-Wilk normality test was first carried out.
When data was found to be normal a student t-tes was carried out. When data was not
normal non parametric tests were used (Mann-Whitney U test). Statistical significance

was set at p < 0.05.
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2.2.3 Invitro studies
2.2.3.1 Aseptic technique

During all cell culture work and preparation of reagents, aseptic techniques were
implemented. This was to maintain a sterile environment that was free from fungal,

bacterial and viral infections that could affect cellular function and growth.

All pipette tips, tubes and distilled water (dH20) were autoclaved at 121°C for 20
minutes prior to use. Dissection equipment was soaked in Virkon after use and cleaned
before being autoclaved for use. All culture work was carried out in a Microflow laminar
flow station that only allows filtered air to pass through, preventing contamination from

airborne contaminants.

Prior to any cell culture work, the laminar flow hood was sprayed with 70%
ethanol (EtOH; 30% Dh20, 70% EtOH v/v) and wiped down. Any equipment taken into
the hood was also sprayed with 70% EtOH. Disposable latex gloves were worn as well
as clean lab coats designated for culture work; these were both sprayed with 70% EtOH
before use and gloves were changed regularly. At the end of each day the hood surface

was also exposed to ultraviolet (UV) light.

Cells were maintained in a sterile incubator (humidified 5% CO2: 95% air
environment at 37°C) and any items being placed in the incubator were sprayed with 70%
EtOH to prevent contamination. Aquaresist was added to the dH.0 a working
concentration of 0.1% (1ml solution/Iml dH20 as per manufacturer’s instructions) in the

incubator to prevent the growth of algae and bacteria.

The incubator and laminar flow were regularly cleaned with Biocidal ZF™,

Virkon and EtOH to prevent contamination.
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2.2.3.2 Preparation of tissue culture media and test compounds

Glial Culture Media: Primary astrocytes and microglia were cultured in Dulbecco's

modified Eagle's medium (DMEM:F12) supplemented with 10% (v/v) heat-inactivated
Fetal Bovine Serum (FBS) and 1% (v/v) Penicillin-Streptomycin (P/S). This was
prepared by filter-sterilising 5ml P/S and 50ml FBS through a 0.2um syringe filter into a
500ml bottle of DMEM:F12. This complete DMEM (cDMEM) was then used in all glial

cell preparations.

Neurobasal media: Primary neurons were cultured in neurobasal media (NBM)

supplemented with 1% (v/v) P/S and 1% (v/v) Glutamax. This was prepared by filter
sterilising Sml P/S and 5ml glutamax through a 0.2um syringe filter into a 500ml of
NBM. This was then divided up into 50ml aliquots. As required, 500uL 100X B-27
growth supplement was then added to a 50ml aliquot resulting in 50ml completer-NBM

(cNBM).

Poly-D-Lysine: a 5mg/ml vial of Poly-D-Lysine was dissolved in 50ml dH20 to make a
0.1mg/ml solution. This was divided into 5ml aliquots and frozen at -20°C until future

use.

Ara-C (Cytarabine): A 25mM stock solution was prepared by adding 16.44ml dH20 to

100mg vial of Ara-C (MW = 243.22). Once dissolved, this was filter-sterilised using a

0.2um syringe, aliquoted and frozen at -20°C until future use.
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Macrophage colony-stimulating factor (M-CSF): a 50ug/ml solution M-CSF was

prepared by adding 50uL 200pg/ml M-CSF to 150uL. DPBS/1% bovine serum albumin

(BSA). This was aliquoted and frozen at -20°C until future use.

Granulocyte-macrophage colony-stimulating factor (GM-CSF): A 10pg/ml solution GM-

CSF was prepared by adding 50uL 200ug/ml M-CSF to 950uL. DPBS/1% bovine serum

albumin (BSA). This was aliquoted and frozen at -20°C until future use.

Fluoxetine: A 10mM stock solution was prepared by adding 2.89ml of dH20 to 10mg
fluoxetine (MW = 345.79) in the vial. Once dissolved this was filter-sterilised using a
0.2pum Syringe, diluted 1:10 to a 1mM stock, aliquoted and frozen at -20°C until future

use.

Imipramine: A 10mM stock solution was prepared by dissolving 0.031g Imipramine
(MW = 345.79g/mol) in 10ml dH20. This was then filter-sterilised using a 0.2um syringe

filter, aliquoted and frozen at -20°C until future use.

Noradrenaline (NA): A 100mM stock solution was prepared by dissolving 0.034g NA

(MW = 337g/mol) in Iml dH2O. This was then filter-sterilised using a 0.2um syringe
filter. As NA is light sensitive light exposure was kept minimal. This was then diluted

1:10 to 10mM stock, aliquoted and frozen at -20°C until future use.

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT): A 5mg/mi

solution of MTT formazan was made up in dH20. Once dissolved this was filter-sterilised
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through a 0.2um syringe filter. MTT formazan is light sensitive so this solution was kept

away from light. MTT salts were made up fresh for every experiment.

Resazurin (AlamarBlue): A 440uM stock solution of alamar blue was prepared by

dissolving 2.76mg resazurin (C12H6NNaO4, MW = 251.17g/mol) in 25ml dH20. This
stock solution was filter-sterilised through a 0.2um syringe filter and stored away from

light.

2.2.3.3 Coating coverslips/plates with poly-D-lysine

For primary neuronal cultures, coverslips and 24 plate wells were covered with Poly-D-
Lysine. Prior to use, Poly-D-Lysine was defrosted, diluted 1:2 with dHO to make a final
concentration of 50pug/ml, and filter-sterilised through a 0.2um syringe filter. For plates,
100puL of poly-D-lysine was added to the centre of each well. The plate was then
incubated at 37°C for 1hour and the poly-d-lysine solution removed. Plates were left to

dry for 2 hours. They were then ready to use, or frozen at -20°C until future use.

2.2.3.4 Primary cell preparation and culture

Primary cultures for enriched astrocytes, enriched microglia and primary cortical neurons
were prepared following protocols published in studies by colleagues in Trinity College
Institute of Neuroscience (McNamee et al., 2010, Day et al., 2014). All procedures were

performed in the laminar flow hood.
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2.2.3.4.1 Preparation of mixed glial cultures for enriched astrocyte and microglial
cultures

Mixed glial cultures were prepared from the brains of newborn Wistar rat pups (postnatal
day 2-3) under sterile conditions. The pups were decapitated using a large sharp/blunt
scissors. A small sharp scissors was then used to cut the skin down the midline to reveal
the skull. The skull was then carefully cut on each side at ear level using a sharp scissors.
The skull was then pulled back using a fine forceps to expose the brain. The meninges
were removed using a fine forceps. The cortical tissue on both hemispheres was then
removed using a curved forceps and any meninges under the cortical tissue were also
removed. The tissue was then placed in a drop of pre-warmed cDMEM and cross-
chopped using a scalpel. Any extra blood vessels were removed and the tissue was placed
in a 15ml Falcon tube with 2ml of pre-warmed cDMEM and incubated at 37°C for 20

minutes.

After this, the tissue was triturated until all visible clumps were removed and
passed through a sterile mesh filter (40pum). The cells were then centrifuged at 2000rpm
for 3 minutes at 20°C. The supernatant was discarded and the pellet was resuspended in
1ml pre-warmed cDMEM. The resuspended cells were added to a T75 flask along with
3mls of pre-warmed cDMEM. The cells were left to adhere for 2 hours and 10ml of

cDMEM was then added to the flask. Media (cDMEM) was replaced every 4-5 days.

2.2.3.4.2 Isolation of enriched primary astrocyte cell cultures

When the T75 flasks of primary mixed glial cells were confluent (days in vitro: DIV 10-
14) plates were sealed with parafilm and placed on a shaker/incubator at 37°C at 200rpm
for 2 hours. Microglia sit on a layer above the astrocytes and break away from the

astrocytes when agitated. Plates were banged up to 10 times to remove all microglia. The
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media was then discarded and the remaining astrocytes were washed with 10ml pre-
warmed 1X DPBS. 1ml of trypsin-EDTA was then added and the plate was incubated at
37°C for 5 minutes. A microscope was used to check that the astrocytes had dissociated
from the flask before the trypsin-EDTA was neutralised with 7ml cDMEM (FBS in
cDMEM contains inhibitors for trypsin). This media/trypsin-EDTA was then added to a
15ml tube and placed in a centrifuge for 2000rpm for 3 minutes at 20°C. The supernatant

was discarded and the cell pellet was resuspended in 1ml cDMEM.

Live cells were then counted wusing the tryphan blue dye
exclusion/haemocytometer method. For this method 0.4% tryphan blue are added to the
cells before counting. Intact cells (live viable cells) will exclude tryphan blue due to their
intact membrane. The cells/tryphan blue solution is added to a haemocytometer. Viable
cells are counted in the four large squares highlighted in Figure 2.3 and an average cell

number taken.

Figure 2.2 Hemocytometer gridlines.
Highlighted in blue is one of the four large squares that should be counted and an average
count taken to get your cell number/ml. Image taken from www.abcam.com.
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Approximately 1 x 10° cells were plated in each well. These cells were left in the
incubator to adhere before being gently flooded with 300ml cDMEM. Primary enriched
astrocytes were used for experiments up to 5 days after plating. Figure 2.3 outlines the
steps needed to obtain an enriched astrocyte culture.
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Figure 2.3 Isolation of enriched primary astrocyte cell cultures
Cortical tissue is harvested from 1-3 day old neonatal pups and grown in a flask to confluence
before microglia are shaken off. Enriched astrocytes are then grown and treated in well plates.

2.2.3.4.3 Isolation of enriched primary microglia cell cultures

As with enriched primary astrocyte cultures, T75 flasks of primary mixed glial cells were
grown until confluent, approximately after DIV 10-14 with one additional step. Microglia
require growth factors to proliferate and reach the number of cells required for
experiments. Therefore, all cDMEM used for the culture of microglia was supplemented

with 10ng of M-CSF and 10ng of GM-CSF from DIV1.

When the flasks were confluent, they were sealed with parafilm and placed on a

shaker/incubator at 37°C at 200rpm for 2 hours. The media containing the microglia was
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then transferred to a 15ml tube. This was the placed in a centrifuge for 2000rpm for 3
minutes at 20°C. The supernatant was discarded and the cell pellet was resuspended in

1ml cDMEM.

Live cells were then counted wusing the tryphan blue dye
exclusion/naemocytometer method. Approximately 50 x 10* cells were plated in each
well. These cells were left in the incubator to adhere before being gently flooded with
300ml cDMEM supplemented with M-CSF and GM-CSF. Primary enriched microglia

were used for experiments up to 5 days after plating.

2.2.3.4.4 Primary neuronal cell preparation and culture

The cortex was dissected from 1 day old Wistar rat pups as described above in section
2.2.3.4.1. Once the cortical tissue was removed it was finely cross-chopped in pre-
warmed NBM and then transferred into 5ml of trypsin-EDTA. This was incubated for 2
minutes at 37°C. 5ml of cDMEM was then added to the tissue. This was then resuspended
and centrifuged at 2000rpm for 3 minutes at 20°C. The supernatant was then discarded
and the pellet resuspended in 1ml cDMEM. The cell suspension was triturated until no
visible clumps remained, passed through a sterile mesh filter (40um) and centrifuged at
2000rpm for 3 minutes at 20 °C. The supernatant was discarded and the pellet was
resuspended in 1ml pre-warmed cNBM. This cell suspension was then counted using the
tryphan blue/haemocytometer method to obtain the number of live cells. 1 x 10° cells
were plated in each well. 100uL of the appropriate cell suspension pipetted onto the
centre of a poly-D-coated coverslip/well in a 24-well plate. This was placed into an
incubator (5% CO2, 95% air at 37°C) for 2 hours to allow the cells to adhere. They were

then gently flooded with 200ul cNBM. After DIV1 the cells were treated with Ara-C to
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prevent proliferation of glial cells and blood vessels. A 25mM stock was diluted to 25uM
in dH20 and 30uL of this was added to the 300uL of media in the well for a final working
concentration of 2.5uM. After 24 hours (DIV2) the media was removed and replaced

with fresh cNBM. Immature neurons were then treated at DIVV3 or DIVA4.

2.2.3.5 Cell culture treatments

For each experiment, primary cortical enriched astrocytes, microglia or neurons were
plated in 24-well plates. Each plate was considered an n = 1. Cell cultures were incubated
at 37°C with 5% CO2 with the various drug treatments for a time course of 30 minutes,
1 hour, 3 hours, 6 hours, 12 hours or 24 hours for gene expression changes. For
conditioned media experiments and changes in protein production or viability assays,
cells were incubated with the various drug treatments for 24 hours. For conditioned media
experiments, cell supernatants were removed after 24 hours drug treatments and
transferred onto primary neuronal cultures. Cell numbers were kept at approximately the

same numbers for each experiment type.

2.2.3.6 Viability assays

To ensure any of my treatments were not affecting the viability of the primary cells three

viability assays were used.

2.2.3.6.1 Pierce™ Lactate Dehydrogenase (LDH) cytotoxicity assay

The Thermo Scientific Pierce LDH Cytotoxicity Assay Kit is a reliable colorimetric assay
that quantitatively measures lactate dehydrogenase (LDH) released into the media from

damaged cells as a marker for cellular cytotoxicity and cytolysis. LDH is an enzyme
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found in the cytoplasm; therefore its presence in the media indicates cell death. The assay
measures extracellular LDH in culture media using an enzymatic reaction that results in
a red formazan product, which can be spectrophotometrically measured. The assay was
carried out according to the manufacturer’s instructions. Prior to carrying out the assay,
a vial of assay buffer was added to 11.4mls of the provided substrate mix. This was
protected from light and stored at -20°C until use. For experiments, additional wells were
used to account for a triplicate of spontaneous LDH activity control and a maximum LDH
control. Cells were treated as normal for 24 hours. For the spontaneous LDH control,
30uL of ultrapure H20 was added. Nothing was added to the maximum LDH control
wells. Following the required incubation, 10pL of lysis buffer was added to the maximum
LDH control well. Following a 45 minute incubation, 50uL of medium from the control
and treatment wells was transferred to 96-well plates in duplicate. Using a multi-channel
pipette, 50puL of reaction mixture was added to the wells, the plate lightly tapped and left
at room temperature for 30 minutes protected from light. 50uL of stop solution was then
added and the plate lightly tapped again. The absorbance was read at 490nm and 680nm.
The 680nm value was subtracted from the 490nm value and the % cytotoxicity was
calculated using the formula provided by the manufacturer. This was as follows; %
cytotoxity = (Compound-treated LDH activity — Spontaneous LDH activity)/(Maximum

LDH activity - Spontaneous LDH activity)*100.

2.2.3.6.2 AlamarBlue Assay

Resazurin sodium salt (C12H6NNaO4), or the AlamarBlue assay, is used to measure the
metabolic activity and proliferation of living cells. The reduction of the dye by
mitochondrial enzyme reduces the amount of the oxidized form (blue) and increases the

fluorescent intermediate (red). Figure 2.3 gives an overview of this reaction.
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Figure 2.4 The AlamarBlue Assay
Mitochondrial activity converts resazurin (coloured blue on the left wells) to reserufin (pink
on the right wells). Adapted from (Shenoy et al., 2017).

Therefore, the more viable or mitochondrial active the cells, the greater the colour
change. For the assay, resazurin was prepared as outlined in section 2.2.2.2. After the
cells were treated for the appropriate time, this solution was diluted 1:10 in the wells as
described in the Abcam protocol. The plate was then protected from light and left to
incubate (5% CO2, 95% air at 37°C) for 1-3 hours. Once a colour change was observed
100uL of sample was transferred to a 96well plate in duplicate. The absorbance was then
read at 600nm and 570nm. The 600nm value was subtracted from the 570nm value and
the % viability was calculated as follows: % viability = (average absorbance of a treated

sample)/(average absorbance of a control sample)*100.
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2.2.3.6.3 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
assay

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) produces a
yellowish solution that is converted to dark blue, water-insoluble, MTT formazan by
mitochondrial dehydrogenases of living cells. Therefore, like the AlamarBlue assay, it is
used to measure the metabolic activity and proliferation of living cells. A 5mg/ml solution
of MTT was made up as described in section 2.2.2.2. After 24 hour treatment, this was
then diluted to Img/ml in the wells/media. The plate was then protected from light and
left to incubate (5% CO2, 95% air at 37°C) for 1-3 hours. Once the MTT formazan was
produced, the media was removed and the crystals dissolved in isopropanol (300ml) as
per the manufacturer’s instructions. 100uL of sample was transferred to a 96well plate in
duplicate and the absorbance was 570nm. The % viability was calculated with the same

formula used for the AlamarBlue assay (section 2.2.2.6.2).

2.2.3.7 Tissue preparation for quantitative real-time polymerase chain reaction
(QRT-PCR)

For RNA experiments, cells were plated at 1x10° cells/well and two wells were pooled
for each sample to ensure enough RNA. RNA was then extracted using the NucleoSpin
RNA kit from Macherey-Nagel according to the manufacturer’s instructions with one
minor change. Samples were centrifuged at a higher speed than in the protocol as columns
were not drying out fully and there was minor sample contamination. Figure 2.4 gives an

overview of the steps carried out.
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1. Lyse Cells 350uL RATL +
.g 3.5uL p-mercaptoethanol per sample

2. Filter Lysate 16,000 x g
— | minute
3. Adjust RNA binding conditions 350 uL 70 % ethanol
Vortex 5 seconds
4. Bind RNA Load sample
E <D 16,000xg
30 seconds
5. Desalt silica membrane 350 uL MDB
E | 16,000 x g
| minute
6. Digest DNA 95uL DNase
reaction mixture

Room temperature, 15 minutes
7. Wash and dry silica membrane ‘E‘ 1st wash 200 uL RAW?2

2nd wash 600 uL RA3
3rd wash 250 uL RA3

Ist and 2nd 16,000 % g, 30 seconds
<> 3rd wash 16,000 % g, 2 minutes

8.Elute RNA 40uL RNasefree
E <> H20
16,000 = g, 1 minute

Figure 2.5 mRNA extraction protocol
Adapted from Macherey-Nagel NucleoSpin RNA extraction kit protocol available at
https://www.mn-net.com.

350ul lysis buffer RA1 (supplemented with 10% [-mercaptoethanol) was divided across
the wells being pooled for each sample. The cell lysate was then either immediately
frozen at -80°C for future extraction or was extracted straight after lysing. If frozen, the
lysate was left to defrost slowly on ice. The cell lysate was then filtered through a
NucleoSpin® Filter to reduce viscosity and clear the lysate. The RNA binding conditions
were then adjusted by adding 350uL 70% ethanol. The lysate was then centrifuged
through a NucleoSpin® RNA column for 30 seconds at 16,000 % g. 350uL of Membrane

Desalting Buffer was then added to the RNA column and this was centrifuged at 16,000
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x g for 1 minute. The flow through was discarded and the column centrifuged again for
30 seconds to ensure the RNA membrane was dry. 95uL. of DNase reaction mixture was
applied directly to the centre of the silica membrane of the column to digest any DNA.

This was left to incubate at room temperature for 15 minutes.

A series of wash steps was then carried out: the silica membrane was washed with
200uL wash buffer RAW?2 at 16,000 x g for 30 seconds; followed by 600uL Buffer RA3
at 16,000 x g for 30 seconds; and a final wash with 250uL Buffer RA3 at 16,000 x g for
2 minutes. The RNA was then eluted with 40uL. RNase-free H20 and centrifuged at

16,000 x g for 1 minute. The RNA was then aliquoted and stored at -80°C for future use.

2.2.3.8 RNA quantification and qualification

RNA was quantified and quality analysed as in section 2.2.1.4 with one minor change.
For cell culture experiments, RNA was equalised to 20ng/uL with RNase free water
unless otherwise stated. In other experiments with a low yield of RNA, the samples were
equalised to the lowest concentrated sample, which will be stated in the particular

experiment.

2.2.3.9 cDNA synthesis and gRT-PCR

cDNA synthesis and gqRT-PCR were carried out as in section 2.2.1.5 and 2.2.1.6. A list

of rat primers used can be found in Table 2.5.
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Gene target Assay ID

Gapdh Rn99999916 sl
Gfap Rn00566603_m1
Cd11lb Rn00709342_m1
Tubb3 Rn01431594 m1
Serpinfl (Pedf) Rn00709999_m1
Pnpla2 (Pedf-R) Rn01479968 gl

Table 2.5 Assay IDs for cell culture gene targets

2.2.3.10 Harvesting supernatants from in vitro cell cultures

For secreted protein analysis supernatants were harvested from cells after appropriate
treatment. Media was removed from the wells and the cells were washed with PBS.
Serum free media was then added to the wells for 24 hours before collecting the
supernatant. Treatments were added to this serum free media as needed. Samples were
collected on ice and placed in the centrifuge at 1000 x g for 20 minutes to remove
insoluble impurities and debris. The supernatant was then aliquoted and stored at -80 °C

for future use.

2.2.3.11 Pigment epithelial derived-factor protein analysis

Pigment Epithelial Derived-Factor (PEDF) secreted protein analysis was carried out
using the ELISAgenie rat sandwich PEDF ELISA kit. This kit arrived pre-coated with an
anti-PEDF antibody. Samples were prepared as described in section 2.2.3.10 above. The

assay was carried out according to the manufacturer’s instructions.

A standard curve was prepared using a lypholized standard diluted to 10 different
concentrations ranging from 10ng/ml to 0 ng/ml. Samples were then diluted to a suitable
concentration (a 1:10 dilution was found to be suitable for supernatant taken from

astrocyte cultures). 100uL of the standard curve and test samples were plated in duplicate
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and left to incubate at 37°C for 90 minutes. The ELISA plate was then washed twice with
wash buffer. Next, 100uL of Biotin-labelled antibody was added to each well. The plate
was then incubated at 37°C for 1 hour. After the incubation period the wells were washed
3 times with wash buffer and 100uL of Horseradish Peroxidase (HRP) Streptavidin
Conjugate (SABC) was added to the wells for 30 minutes at 37°C. Following SABC
incubation the wells were washed 5 times with wash buffer, which was left in the wells
for 2 minutes each time to remove all traces of the solutions. 90uL of pre-warmed TMB
was added to each well and this was left to incubate at 37°C until the optimal colour
change occurred (15 minutes). 50uL of stop solution was then added and the absorbance

was read at 450nm.

A standard curve was then plotted using the relative absorbance results (the
absorbance of each well — the absorbance of the zero standard well), and the PEDF
concentration of the samples was determined using this curve. The intra-assay coefficient
of variancy (CV) was then calculated from the results for each ELISA to test variation
within the plate run. This was calculated by dividing the mean of each sample duplicate
by its standard deviation and then multiplied by 100. The CV for all samples were then
averaged. As each experiment was conducted on one plate no inter-assay CV was
calculated. Assay CVs <20% are deemed acceptable (USDHHS and Research., 2001,

Kifude et al., 2008)

2.2.3.12 Statistical Analysis

All cell culture experiments were analysed using GraphPad Prism version 5 (GraphPad
Prism, California, USA). Graphs were also created using GraphPad. A Kolmogorov—

Smirnov normality test was carried out on data. For parametric analyses, student t test or
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analysis of variance (ANOVA) was used where appropriate. When significance was
detected with the ANOVA a Dunnet’s post-hoc test was performed. For non-parametric
data a non-parametric Mann-Whitney U test or a Kruskal-Wallis ANOVA was used.
When significance was detected with the ANOVA a Dunn’s post-hoc test was performed.
A p value < 0.05 was deemed statistically significant. All data are expressed as mean *

standard error of the mean (SEM).
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Chapter 3.
Peripheral blood E2F1 mRNA In
depression and following
electroconvulsive therapy
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3.1 Introduction

Depression is a severe mental illness that affects more than 300 million people globally
and is the leading cause of disability worldwide (WHO, 2017). Despite this, the
pathogenesis of depression is not clear and 30% of patients do not respond to multiple
courses of antidepressants (Rush et al., 2006). Electroconvulsive therapy (ECT) is the
most effective treatment for severe, treatment-resistant, and sometimes life-threatening
depression and offers approximately 60% of patients remission (UK ECT Group, 2003).
Despite its efficacy, the mechanism of action of ECT is still not fully understood
(Sienaert, 2014). ECT has been linked to changes in several molecular systems and
pathways, one of which is a change in trophic factors, including brain-derived
neurotrophic factor (BDNF), pigment-epithelial derived factor (PEDF) and vascular
endothelial growth factor (VEGF) (Minelli et al., 2011, Rocha et al., 2016, Ryan et al.,

2017).

MicroRNAs (miRNAs) have recently emerged as a potential regulator of such
changes (Kolshus et al., 2014a). MiRNAs are short (21-23 bases), non-coding RNA
molecules that regulate the expression of multiple genes and may be useful for identifying
potential targets for the treatment of psychiatric disorders (Maffioletti et al., 2014). My
lab recently performed a deep sequencing study of miRNA changes in peripheral whole
blood following ECT and identified two miRNAs of interest(miR-126-3p and miR-106a-
5p) (Kolshus et al., 2017). Both miRNAs were elevated in patients with psychotic
depression at baseline and returned to healthy control levels following ECT. Gene target
analysis using miRTarBase 6.0 (Chou etal., 2016) and TarBase 7.0 (Vlachos et al., 2015)
was carried out to identify gene targets that were regulated by both of these miRNAs. To
be included, a gene had to be validated using strong evidence (such as reporter assay or
blotting) or validated with more than one form of weaker evidence (microarray, next
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generation sequencing) in both databases. There was overlap with three genes when these
criteria were applied: VEGFA, E2F1 and SIRT1. VEGFA mRNA expression analysis has
previously been carried out by my lab, with mRNA levels reported to be significantly
higher in patients with psychotic depression in comparison to patients without psychotic
depression and healthy controls. This increase was attenuated following a course of ECT
(Kolshus et al., 2017). Therefore, studies on the role of E2F1 and SIRT1 in depression

are of interest.

The E2F transcription factors were identified as proteins that bind to the promotor
region of the adenovirus E2 gene (Kovesdi et al., 1986). Eight family members (E2F1-
8) have been identified to date and play an important role in cell cycle regulation
(DeGregori and Johnson, 2006). In the central nervous system (CNS), E2F1 has been
implicated in both neurogenesis and apoptosis of neuronal cells. Staurosporine treatment,
a model of cell apoptosis activation (Bertrand et al., 1994), has been reported to increase
E2F1 mRNA and E2F1 protein in a time-dependent manner in cortical neurons (Hou et
al., 2000). In contrast, E2F1 has been linked to VEGF-induced neurogenesis in mouse
cortical cultures (Zhu et al., 2003), and electroconvulsive shock (ECS) has been reported
to activate the cyclin-dependent kinase 2-phosphorylated retinoblastoma protein (pRb)-
E2F1 pathway in the rat frontal cortex, resulting in cell cycle progression (Kim et al.,
2005). As ECS/ECT is associated with neurogenesis (in animal studies) and increases in
human brain volumes (Wilkinson et al., 2017), dysfunctional E2F1 signalling could be
linked to the pathogenesis of depression and mechanism of action of ECT. To my
knowledge, no studies have examined E2F1 mRNA levels in depressed patients or in
response to ECT. The one study that investigated the E2F1 response to ECS only reported
on the frontal cortex. Therefore, the effect of ECS on other brain regions would be of
interest.
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3.2 Aims and objectives

The aim of this study was to examine E2F1 mRNA levels in whole blood samples
collected from patients with depression pre- and post-treatment with ECT and age- and
sex-matched healthy controls in order to gain an understanding of the effect of ECT. To
my knowledge, no previous data is published on E2F1 mRNA and depression. This work
is a follow on of a previous published study, where two miRNAs that target E2F1 were
increased in patients with depression, and returned to control levels following a course
of ECT (Kolshus et al., 2017). Therefore, it was hypothesised that E2F1 mRNA levels
would be decreased in patients with depression and return to control levels following a
course of ECT. This is because of the report that miRNAs typically downregulate their

target gene (Orang et al., 2014). The objectives of the study were to:

1. To analyse the levels of E2F1 mRNA in whole blood collected from patients
with depression and controls using RT-gPCR.

2. To assess differences in the levels of E2F1 mRNA in patients pre-/post-ECT.

3. To assess differences in E2F1 mRNA levels pre-/post-ECT in depression
subtypes (psychotic/non-psychotic, unipolar/bipolar).

4. To determine if there are differences in the levels of E2F1 mRNA in
responders/non-responders and remitters/non-remitters.

5. To perform correlation analyses to determine if levels of E2F1 are associated
with mood scores.

6. To investigate the effects of acute and chronic ECS on E2f1 mRNA levels in

different brain regions of naive rats.

93



3.3 Methods
3.3.1 Human participants

This study included participants recruited as part of the EFFECT-Dep Trial (Enhancing
the Effectiveness of ECT in Severe Depression, ISRCTN23577151) that took place in St
Patrick’s Mental Health Services, Dublin (www.stpatricks.ie) (Semkovska et al., 2016).
Full details of this trial, clinical assessments and healthy control recruitment can be found

in sections 2.2.1.1 -2.2.1.4.

3.3.2 Blood sampling and mRNA extraction

Full details for blood sampling and mRNA extraction are given in section 2.2.1.3 —
2.2.1.5. Fasting whole blood samples for mRNA analysis were taken using the PaxGene©
system (Qiagen Inc., USA). Samples were left at room temperature for 2 hours,
transferred to -20°C for 24 hours and then stored at -80°C until use. mMRNA was extracted
using the PaxGene© Blood RNA Kit according to the manufacturer’s instructions
(Qiagen Inc., USA). Quality analysis (to check RNA concentration and integrity) was
carried out on the NanoDrop®© 1000 UV-Vis Spectrophotometer (Fisher Scientific, UK).
RNA samples with a 280/260 ratio of 1.8-2.2 were considered acceptable for analysis and

RNA was equalised to 10ng/pl.

3.3.3 Multiplex quantitative real-time polymerase chain reaction (QRT-PCR)

MRNA cDNA synthesis was performed using a High Capacity cDNA Reverse
Transcription Kit (Applied Biosystems, UK). gRT-PCR was carried out on the StepOne
PlusTM Real-Time PCR system (Applied Biosystems, UK) using TagMan® (Applied

Biosystems, UK) gene expression assays (E2F1; assay ID:Hs00153451 m1l) with
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glyceraldehyde 3-phosphate dehydrogenase (GAPDH; assay 1D:Hs03929097 g1) as the
endogenous control. Full details of cDNA synthesis, gRT-PCR and gene expression

analysis can be found in sections 2.2.1.8 — 2.2.1.10.

3.3.4 Electroconvulsive stimulation study

Methods for the acute/chronic ECS/sham treatment study can be found in section 2.2.2.

3.3.5 Statistical analysis

Data were analysed using SPSS version 21.0 (IBM Corporation, NY, USA) and
GraphPad Prism 5 (GraphPad Software, California, USA). Receiver Operating
Characteristic curve analysis was carried out using MedCalc© (MedCalc Software,
Bekgium). Data were tested for normality using a Shapiro—Wilk test and log-transformed

when necessary.

Baseline clinical and demographic factors are presented as means with standard
deviation (SD), or number (%) per group. | adjusted for potential variance with possible
confounding factors from the literature. These included the use of nonsteroidal anti-
inflammatory drugs (NSAIDs) and diabetes (Prabhanjan et al., 2016, Valle et al., 2013).
Variables that were significantly different between patients and controls (current smoking
status, BMI and education) were also included as covariates. When analysing the effect
of ECT, I also corrected for baseline HAM-D24 scores, presence of psychosis, depression

polarity and electrode placement as they may influence how a patients responds to ECT.

Data were analysed using independent t-tests, paired t-tests, Mann-Whitney U
tests for non-parametric data, or a general linear model (GLM). Categorical data were
tested using a chi-square test (y2) or Fisher’s exact test (when sample size > 5). For
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correlational analyses, data were analysed with Pearson’s product-moment correlation
coefficient (Pearson’s r) for parametric data and Spearman’s rank correlation coefficient

rho (p) for non-parametric data.

Animal data were tested for normality using a Kolmogorov-Smirnov normality
test. Parametric data were tested with a student t test and non-parametric data were tested
using a Mann-Whitney U test. Values are represented as a fold-change (a ratio of how

much the treatment group changed in comparison to the control group).

Statistical significance was set at p < 0.05. For exploratory correlation analyses a

p value of <0.01 was used to control for multiple testing.

3.4 Results

3.4.1 Sample characteristics

For this study 88 out of 138 patient participants from the EFFECT-Dep trial had both pre-
and post-ECT blood samples available for analysis. The demographic and clinical
features of the patients were compared to the entire trial group to ensure my sample was
comparable to the original complete real-world group of patients with depression. As

shown in Table 3.1 there were no significant differences between groups.
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Patients EFFECT Statistical Test
included group
(n =88) (n =140)
Age (SD) 56.97 (13.6) 56.70 (14.8) t(224)=-1.35, p=0.32
Sex, female n (%0) 57 (64.8) 87 (62.1) x2=0.07, p=0.45
Smoker, yes n (%) 38 (43.2) 61 (43.6) x2=0.23, p=0.50
BMI (SD) 26.91(5.2) 26.62 (4.8) U(228)=5995.00, p=0.73
Education Completed, n (%0)

Primary 18 (20.5) 23 (16.5)

Secondary 49 (55.7) 80 (57.6)

Tertiary 21 (23.9) 36 (25.9) x2=0.58, p=0.51
Bipolar Depression, yes n (%) 19 (21.6) 32 (22.9) x2=0.08, p=0.46
Psychotic Subtype, yes n (%0) 22 (25.0) 29 (20.7) x2=0.48, p=0.30
Treatment Resistant, yes n 64 (72.7) 98 (70.0) x2=0.78, p=0.45

%

I(Dre)vious ECT, yes n (%) 28 (31.8) 52 (37.1) x2=0.77, p=.23

No. of Previous Episodes (SD)  5.29 (4.8) 5.33 (4.5) t(224)=0.06, p=0.70
Pre-ECT HAM-D24 (SD) 30.26 (6.5)  29.91 (6.2) U(226)=5908.00, p=0.73
Post-ECT HAM-D24 (SD) 10.57 (7.5)  11.79 (8.4) U(223)=5499.50, p=0.36
No. ECT sessions (SD) 8.27 (2.3) 8.14 (2.4) t(224)=-0.81, p=0.42
Electrode Placement, n (%)

Unilateral 42 (47.7) 69 (50.0)

Bilateral 46 (52.3) 69 (50.0) x2=0.11, p=0.42
Responder, yes n (%) 55 (62.5) 77 (55.0) x2=0.99, p=0.20
Remitter, yes n (%0) 46 (52.3) 61 (43.6) x2=1.40 p=0.15
Relapser (of those that 15 (32.6) 17 (27.9) x2=1.48 p=0.30
remitted), yes n (%)

Medications, yes n (%)

SSRI 23 (26.1) 28 (20.0) x2=1.15, p=0.18

SNRI 41 (46.6) 65 (46.4) x2<0.00, p=0.55

TCA 22 (25.0) 43 (30.7) x2=0.90, p=0.21

Mirtazapine 32 (36.4) 45 (32.1) x2=0.41, p=0.31

Bupropion 3(3.4) 5 (3.6) x2=0.01, p=0.63

MAOI 10 (11.4) 15 (10.7) x2=0.02, p=0.52

Lithium 32 (36.4) 55 (39.3) x2=0.10, p=0.43

Antipsychotic 65 (73.9) 96 (68.6) x2=0.70, p=0.25

Valproate 5((.7) 9(6.4) x2=0.06, p=0.53

Pregabalin 5(.7) 8 (5.7) x2<0.00, p=0.62

Benzodiazepine 47 (53.3) 76 (54.3) x2=0.02, p=0.50

Non-benzodiazepine 52 (59.1) 87 (62.1) x2=0.24, p=0.36

Hypnotic

Table 3.1 Demographic and clinical details of patients used for this study compared to
the whole EFFECT-Dep patient sample
Abbreviations: BMI, body mass index; NSAID, Nonsteroidal anti-inflammatory drugs:
HAM-D24, Hamilton Depression Rating Scale, 24-item; ECT, Electroconvulsive therapy;
SSRI, Selective serotonin reuptake inhibitor; SNRI, Serotonin and noradrenaline reuptake
inhibitor; TCA, Tricyclic antidepressants; MAOI, Monoamine Oxidase Inhibitor; U,
standardised Mann-Whitney test. Data are presented in means (SD) or n (%).
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Samples were also available for 79 healthy controls that were balanced with the patient
group for age and sex. The patient group had more smokers (p <0.01), a larger body mass
index (BMI) (p < 0.01), lower educational attainment (p < 0.001) and higher NSAID use
(p <0.001) than the control group. Therefore, these measures were included as covariates

in all analyses for this group. Demographic and clinical characteristics are presented in

Table 3.2.
Patient Control Statistical Test
(n =88) (n=79)
Age 56.97 (13.6) 54.42 (10.9)  t(165)=-1.33, p=0.19
Sex, female n (%) 57 (64.8) 51 (64.6) ¥?<0.01, p=0.53
Smoker, yes n (%) 38 (43.2) 16 (20.3) ¥?=10.00, p<0.01
BMI (SD) 26.91 (5.2) 24.91 (4.0) U=2592.00, p=0.01
Education Completed, n (%)

Primary 18 (20.5) 4 (5.1)

Secondary 49 (55.7) 14 (17.7)

Tertiary 21 (23.9) 61 (77.2) ¥?=51.96, p<0.000
Diabetes, n (%) 6 (6.8) 3(3.8) p=0.51
NSAID use 22 (25) 2 (2.5) p<0.001
HAM-D24 Pre-ECT 30.26 (6.5) 3.34 (2.4) U<0.001, p<0.001

Table 3.2 Demographic and clinical details of patients and controls for E2F1 mRNA
analysis.

Abbreviations: BMI, body mass index; NSAID, Nonsteroidal anti-inflammatory drugs:
HAM-D24, Hamilton Depression Rating Scale, 24-item; ECT, Electroconvulsive therapy; U,
standardised Mann-Whitney test. Data are presented in means (SD) or n (%).

98



3.4.2 E2F1 mRNA levels in depression and following electroconvulsive therapy

RQ values for E2F1 mRNA were not normally distributed. Following logl0
transformation these values were normal and log values for E2F1 were used for analysis.
Before log transformation, healthy controls had a mean RQ value of 1.32 (SD: 0.63).
Patients had a mean RQ value of 1.01 (SD: 0.41) prior to ECT and this changed to 1.10

(SD: 0.49) following a course of ECT.

Baseline (pre-ECT) peripheral E2F1 mRNA levels were significantly lower in
patients (n = 88) with depression compared to healthy controls (n =79) (p <0.001; Figure
3.1). Adjusting for relevant covariates (NSAID use, diabetes, smoking, BMI, and
education) using a GLM altered this slightly (F (1,157) = 6.94, p = 0.009), with levels
still lower in patients and no covariates having a significant effect on E2F1 levels. Table

3.3 lists the effects of the covariates on E2F1 mRNA levels.

A paired t-test revealed that E2F1 mRNA levels were not altered by ECT (p =
0.42; Figure 3.1). Correcting for covariates (NSAID use, diabetes, smoking, BMI,
education, baseline HAM-D24 score, electrode placement, presence of psychosis, and

polarity of depression) did not change this (F (1,81) = 0.02, p = 0.89).
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Figure 3.1 E2F1 mRNA levels in controls and patients pre-/post-ECT

Log transformed RQ values of E2F1 mRNA in peripheral whole blood as measured by
quantitative real-time chain reaction and a general linear model. Data are presented as
unadjusted means + SD. ** p = 0.009, healthy controls (n = 79) versus depressed pre-ECT
patients (n = 88) as reported by a general linear model. Abbreviations: RQ, relative
quantification; ECT, electroconvulsive therapy.

Covariate df F p-value
Patient Group 1,164 6.94 <0.01
NSAID use 1,164 1.08 0.30
Smoking 1,164 1.20 0.28
Diabtetes 1,164 1.11 0.29
BMI 1,164 0.33 0.57
Level of Education 1,164 0.98 0.38

Table 3.3 Effects of relevant covariates on E2F1 mRNA expression.

Only the patient group (control vs. depressed patient) had a significant effect on E2F1 mRNA
levels as measured by a general linear model. Abbreviations: df, degrees of freedom; F, F
value (variance group means); NSAID, Nonsteroidal anti-inflammatory drugs; BMI, body
mass index.
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3.4.3 Receiver operating characteristic curve analysis

Next, a receiver operating characteristic (ROC) curve was generated to determine if E2F1
MRNA levels at baseline could be used to distinguish patients with depression from
controls. A ROC curve plots the true positive results against the true negative results and
the area under the curve (AUC) is used to determine the accuracy of a diagnostic marker
(Zweig and Campbell, 1993). An AUC value of 1 indicates an excellent diagnostic test
where as a value of 0.5 indicates a poor test. The AUC value of E2F1 was 0.663, with a

sensitivity of 69.3% and specificity of 58.2%; see Figure 3.2.
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Figure 3.2 ROC of E2F1 mRNA levels and patient/control classification
ROC analysis of depressed patients (n = 88) and healthy controls (n = 79).
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3.4.4 The effects of different depression subtypes on E2F1 mRNA levels

Subgroup analysis was carried out to determine if E2F1 mRNA levels differed between
different subsets of depression, of if levels differed between ECT responders/remitters
and non-responders/remitters. These analyses were carried out to investigate if E2F1
MRNA levels could be used in a clinical setting to distinguish between subtypes of
depression or predict response to ECT. Results for the individual subtypes will be
reported in the following sections with a summary of all the results found in Table 3.5 at

the end of section 3.4.4.

3.4.4.1 E2F1 mRNA levels and the presence of psychosis

Since the initial miRNA findings from my lab group were in the psychotic depression
subtype (Kolshus et al., 2017), the effect of psychosis on E2F1 levels was assessed. Table
3.4 summaries the demographic and clinical features for the patients with/without the

presence of psychotic features.
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Non-Psychotic ~ Psychotic Statistical Test
Depressed Depressed
(n = 66) (n=22)

Age 55.41 (14.0) 61.64 (11.5)  t(86)=-1.89, p=0.06
Sex, female n (%0) 44 (66.7) 13 (59.1) 27*=0.42, p=0.35
Smoker, yes n (%) 30 (45.5) 8 (36.4) %*=0.556, p=0.31
BMI (SD) 27.21 (5.3) 26.00 (4.8) U=645.00, p=0.44
Education Completed, n (%0)

Primary 11 (16.7) 7(31.8)

Secondary 38 (57.6) 11 (50.0)

Tertiary 17 (25.8) 4 (18.2) p=0.34
Diabetes, n (%) 5 (7.6) 1(4.5) p=0.53
NSAID use 17 (25.3) 5(22.7) 2*=0.08, p=0.51
Bipolar Depression, n (%0) 14 (21.2) 5(22.7) 2*=0.02, p=0.55
Treatment Resistant, yes n (%o) 57 (86.4) 7 (31.8) x2=24.76, p<0.000
Previous ECT, yes n (%) 20 (30.3) 8 (36.4) x2=0.24, p=0.41
No. of Previous Episodes (SD) 5.67 (5.2) 4.18 (3.0) 1(86)=1.26, p=0.21
HAM-D24 Pre-ECT 28.94 (5.1) 34.32 (8.4) U=453.00, p<0.01
HAM-D24 Post-ECT 10.9 (7.3) 9.6 (8.2) U=615.50, p=0.33
No. ECT sessions 8.35 (2.4) 8.05(2.2) 1(86)=0.53, p=0.60
Electrode Placement

Unilateral 30 (45.5) 12 (54.5)

Bilateral 36 (54.5) 10 (45.5) 2=0.55, p=0.31
Responder, n (%) 39 (59.1) 16 (72.7) 2*=1.31, p=0.18
Remitter, n (%) 34 (51.1) 12 (54.5) 2=0.61, p=0.50
Medications, n (%0)

SSRI 15 (22.7) 8 (36.4) 2*=1.49, p=0.17

SNRI 30 (45.5) 11 (50.0) 27*=0.20, p=0.47

TCA 20 (30.3) 2(9.1) p=0.04

Mirtazapine 25 (37.9) 7 (31.8) 27*=0.31, p=0.39

Bupropion 3 (4.5) 0 (0.0 p=0.41

MAOI 5 (7.6) 5(22.7) 7*=3.62, p=0.07

Lithium 22 (33.3) 10 (45.5) 27%=0.95, p=0.23

Antipsychotic 49 (74.2) 16 (72.7) 27*=0.06, p=0.51

Valproate 3 (4.5) 2(9.1) p=0.37

Pregabalin 5(7.6) 0 (0.0 p=0.22

Benzodiazepin 36 (54.5) 11 (50.0) 27*=0.19, p=0.42

Non-benzodiazepine 39 (59.1) 13 (59.1) 27*=0.01, p=0.57

Hypnotic

Table 3.4 Demographic and clinical details of patients with/without the presence

psychotic features

Abbreviations: BMI, body mass index; NSAID, Nonsteroidal anti-inflammatory drugs:
HAM-D24, Hamilton Depression Rating Scale, 24-item; ECT, Electroconvulsive therapy;
SSRI, Selective serotonin reuptake inhibitor; SNRI, Serotonin and noradrenaline reuptake
inhibitor; TCA, Tricyclic antidepressants; MAOI, Monoamine Oxidase Inhibitor; U,
standardised Mann-Whitney test. Data are presented in means (SD) or n (%).
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Patients with depression in the absence psychotic features had a significantly higher
percentage of patients with treatment resistance in comparison to patients with psychotic
features. There were no other significant differences between the groups. Treatment
resistance had no effect on E2F1 mRNA levels (F(1,86) = 0.56, p = 0.46). There was no
difference between non-psychotic (n = 66) and psychotic (n = 22) groups at baseline (as
measured by a student t test; see Figure 3.3). A general linear model was then used to
adjust for covariates (NSAID use, diabetes, smoking, BMI, education, baseline HAM-
D24 score, and polarity of depression) but this did not alter the result, see Figure 3.3.
There were no differences between psychotic and non-psychotic groups for E2F1 levels

pre-/post ECT.
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Figure 3.3 The effect of psychosis on E2F1 mRNA levels

There were no differences in E2F1 mRNA levels between patients with non-psychotic
depression (n = 66) and patients with psychotic depression (n = 22). This did not change
following ECT. Data are presented as unadjusted means + SD.
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3.4.4.2 E2F1 mRNA levels and depression polarity

As whole blood peripheral gene levels might vary between bipolar and unipolar
depression, the effect of polarity on E2F1 mRNA levels was analysed (Figure 3.4). There
were no differences between patients with unipolar (n = 68) or bipolar (n = 19) depression
at baseline and there was no time x polarity interaction as measured by a GLM and

repeated measures AVOVA respectively.
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Figure 3.4 The effect of polarity on E2F1 mRNA levels

No differences in E2F1 mRNA levels between patients with unipolar (n = 68) and patients
with bipolar depression (n = 19) were observed. This did not change with ECT. Data are
presented as unadjusted means + SD.

3.4.4.3 E2F1 mRNA levels and response or remission

Next, to determine if E2F1 mRNA levels could help predict if a patient would respond
to ECT or enter remission, exploratory analysis was performed to determine whether
E2F1 mRNA levels were different at baseline between ECT responders (n = 55) and non-

responders (n = 33), and also explored if levels changed after completing a course of
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ECT. Differences in E2F1 levels in ECT remitters (n = 46) and non-remitters (n = 42;

Figure 3.5) were also assessed.

As shown in Figure 3.5, there were no differences in E2F1 mRNA levels before
or after ECT between responders and non-responders, or between remitters and non-
remitters (as measured respectively by a student t-test and a repeated measured ANOVA).
Adjusting for covariates (NSAID use, diabetes, smoking, BMI, education, baseline
HAM-D24 score, electrode placement, presence of psychosis, and polarity of depression)

using a GLM did not change these findings.
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Figure 3.5 E2F1 mRNA levels and response/remission status

There were no differences in E2F1 mRNA levels between (A) ECT responders (n = 55) and
non responders (n = 33), or (B) between patients who attained remission (n = 46) and those
who did not (n = 42). This did not change with ECT. Data are presented as unadjusted means
+ SD.
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Subgroup Depressed Depressed Test Statistics Adjusted Statistics
Pre-ECT Post-ECT

Psychosis Group Baseline F(1,86) =0.01, p=0.91 F(1,78)=0.10, p=0.78
Yes (n=22) -0.0253 (0.15) 0.0052 (0.16) Time F(1,86)=0.92, p=0.34 F(1,77)=0.26, p=0.61
No (n =6 6) -0.0303 (0.19) -0.0210 (0.20) Group x Time F(1,86)=0.16, p=0.70 F(1,77)=0.16, p=0.69
Polarity Group Baseline F(1,86)=0.15, p=0.70 F(1,78)=0.22, p=0.64
Bipolar (n =19) -0.0430 (0.15) -0.0433 (0.21) Time F(1,86)=0.18, p=0.68 F(1,77)=0.26, p=0.61
Unipolar (n = 68) -0.0252 (0.18) -0.0065 (0.18) Group x Time F(1,86)=0.43, p=0.52 F(1,77)=0.03, p=0.85
Responder Group Baseline F(1,86)=1.10, p=0.32 F(1,77)=1.73, p=0.19
Yes (n =55) -0.0437 (0.16) -0.0082 (0.20) Time F(1,86)=0.17, p=0.68 F(1,76)=0.29, p=0.59
No (n = 33) -0.0046 (0.20) -0.0249 (0.17) Group x Time F(1,86)=0.10, p=0.75 F(1,76)=0.55, p=0.46
Remission Group Baseline F(1,86)=0.56, p=0.46 F(1,77)=0.88, p=0.36
Yes (n = 46) -0.0425 (0.17) -0.0047 (0.21) Time F(1,86)=0.57, p=0.45 F(1,76)=0.43, p=0.51
No (n =41) -0.0143 (0.18) -.0251 (0.16) Group x Time F(1,86)=0.01, p=0.91 F(1,76)=0.13, p=0.72

Table 3.5 Subgroup analysis of E2F1 mRNA levels at baseline and after a course of ECT
Abbreviations: ECT, electroconvulsive therapy. Data are represented as unadjusted mean log10 E2F1 relative quantification levels (SD).

107



3.4.5 Correlation analysis

Next, E2F1 mRNA levels were correlated with mood scores (using the HAM-D24) to
analysed if they could predict depression severity at baseline, or the response to ECT.
This was carried out in the group as a whole as well in the different subgroups. The
following sections (3.4.5.1 — 3.4.5.4) give the full result for each group with table 3.6 at

the end of this section summarising the findings in the different subgroups.

3.4.5.1 Associations between mood ratings and E2F1 mRNA levels in the patient
group as a whole

First, the relationship between E2F1 mRNA levels and HAM-D24 mood ratings was
assessed (Figure 3.6). There was no statistically significant correlation between baseline
E2F1 levels and baseline HAM-D24 scores (p = -0.07, p = 0.52), between baseline E2F1
levels and the change in HAM-D24 score pre-/post-ECT (r = 0.17, p = 0.12), or between

changes in E2F1 levels and HAM-D24 scores pre-/post-ECT (p = -0.22, p = 0.04).
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Figure 3.6 Relationship between E2F1 mRNA levels and mood ratings

There was no statistically significant correlation between baseline (A) E2F1 mRNA levels
and baseline HAM-D24 scores (p = -0.07, p = 0.52), between (B) baseline E2F1 levels and
the change in HAM-D24 score pre-/post-ECT (r = 0.17, p = 0.12), or (C) between changes in
E2F1 levels and HAM-D24 scores pre-/post-ECT (p = -0.22, p = 0.04).

3.4.5.2 Associations between mood ratings, E2F1 mRNA levels and the presence of
psychosis

The presence of psychosis had no effect on the association between mood scores and
E2F1 mRNA levels. This indicates baseline E2F1 mRNA levels cannot predict

depression severity before ECT (r = 0.27, p = 0.27; figure 3.7), cannot predict symptom

109



improvement with ECT (r =0.27, p = 0.27), and a change in E2F1 mRNA pre-/post-ECT

cannot predict symptom improvement (p = -0.05, p = 0.83).
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Figure 3.7 Relationship between E2F1 mRNA levels and mood ratings and psychosis
pre-ECT
There was no statistically significant correlation between baseline E2F1 mRNA levels and
baseline HAM-D24 scores in patients with (A) non-psychotic depression (n = 66, p =-0.19,

p = 0.12) or (B) with the presence of psychosis (n = 22).

3.4.5.3 Associations between mood ratings, E2F1 mRNA levels and polarity of
depression

Correlation analysis indicated there was a negative relationship between a change in

E2F1 mRNA levels and a change in mood scores (r = -0.24, p = 0.05) in patients with

unipolar depression as measured by the HAM-D24 (Figure 3.8). However, this

significance did not survive correcting for multiple comparisons as the p value was >

0.01. There were no other associations between mood scores and E2F1 mRNA in either

group.
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Figure 3.8 Relationship between E2F1 mRNA levels and mood ratings and polarity of
depression

There was a trend for a correlation between a change in E2F1 mRNA levels with ECT and a
change in HAM-D24 scores in (A) unipolar depressed patients (n = 68, r = -0.24, p = 0.05),
there were no correlations in patients with (B) bipolar depression (n = 19).

3.4.5.4 Associations between mood ratings, E2F1 mRNA levels and
response/remission status

Associations between mood scores and E2F1 mRNA levels were also assessed with
response/remission status (Figure 3.9). There was a trend for a negative correlation
between a change in HAM-D24 scores and a change in E2F1 levels over time in patients
who did not respond to ECT (p =-0.40, p = 0.02) and those who did not obtain remission
(n = 41; p = -0.31, p = 0.05). Neither of these findings survived correction for multiple
comparisons, indicating no relationship between mood scores, E2F1 mRNA levels and

response/remission status.
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Figure 3.9 Relationship between E2F1 mRNA levels and mood ratings with response/
remission status

There was no correlation between a change in E2F1 levels and change in HAM-D24 score in
patients who (A) responded to ECT (n = 55), however there was a trend for a negative
correlation in those who (C) did not respond to ECT (n = 33; p=-0.40, p = 0.02). Similar to
this there were no correlations between E2F1 levels in patients who (C) did attain remission
(n = 46) but there was a trend for a negative correlation in those who (D) did not attain
remission (n = 41; p = -0.31, p = 0.05).
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Subgroup Pre-ECT E2Fland Pre-ECT E2Fland AEZ2F1and
HAM-D24 AHAM-D24 AHAM-D24
Psychosis
Yes (n =22) r=0.27, p=0.27 r=0.01, p=0.96 p=-0.05, p=0.83
No (n = 66) p=-0.19, p=0.12 r=0.23, p=0.06 r=-0.20, p=0.12
Polarity
Bipolar (n =19) p=-0.06, p=0.80 p=10.03, p=0.90 r=0.02, p=0.93
Unipolar (n=68) p=-0.10, p=0.40 r=0.21, p=0.09 r=-0.24, p=0.05
Responder
Yes (n =55) p=10.06, p=0.66 p=10.01, p=0.96 p=-0.10, p=0.45
No (n = 33) r=-0.17, p=0.35 r=0.29, p=0.10 p=-0.40, p=0.02
Remission
Yes (n = 46) p=-0.09, p=0.57 p=0.02, p=0.91 r=0.01, p=0.94
No (n =41) p=-0.23, p=0.14 r=0.23, p=0.15 p=-0.31, p=0.05

Table 3.6 Clinical subgroup correlations between E2F1 levels and HAMD-24 scores
Abbreviations: HAM-D24, Hamilton Depression Rating Scale, 24-item; AE2F1, change in
E2F1 pre/post ECT; AHAM-D24, change in HAM-D24 score pre/post ECT

3.4.6 The effect of ECS on E2f1 mRNA levels in the rat brain and peripheral whole
blood

To determine if an effect of ECS in the brain might translate to the periphery, quantitative
real-time polymerase chain reaction (QRT-PCR) was used to investigate the effect of
acute (single) and chronic (10 sessions) ECS on rat E2f1 mRNA levels in the
hippocampal formation, dentate gyrus, frontal cortex, cerebellum and peripheral whole
blood. Neither acute nor chronic ECS had an effect on E2f1 mRNA in the hippocampal
formation, frontal cortex, cerebellum and peripheral whole blood. In the dentate gyrus,
chronic ECS had no effect on E2f1 mRNA levels. However, acute ECS significantly
reduced E2f1 mRNA levels in the dentate gyrus. Full data can be found in Table 3.7 and

Figure 3.10 below.
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Acute Chronic
Control ECS Control ECS
Peripheral whole blood n 8 8 5 5
mean 1.00 0.93 1.00 1.24
SD 0.20 0.11 0.27 0.55
SEM 0.07 0.04 0.12 0.23
p value 0.40 0.93
Hippocampal Formation n 8 8 8 7
mean 1.00 0.95 1.00 0.94
SD 0.11 0.09 0.13 0.10
SEM 0.04 0.03 0.04 0.04
p value 0.31 0.69
Dentate Gyrus n 8 8 8 7
mean 1.00 0.72 1.00 0.82
SD 0.11 0.18 0.25 0.15
SEM 0.04 0.06 0.09 0.06
p value <0.01** 0.13
Frontal Cortex n 8 8 8 7
mean 1.00 1.00 1.00 0.97
SD 0.16 0.12 0.16 0.14
SEM 0.06 0.05 0.05 0.05
p value 0.97 0.74
Cerebellum n 8 8 8 7
mean 1.00 0.93 1.00 0.95
SD 0.29 0.27 0.29 0.37
SEM 0.10 0.10 0.10 0.14
p value 0.72 0.78

Table 3.7 Data for the effect of ECS on E2f1 mRNA levels in rat brain and peripheral

blood

Abbreviations: ECS, electroconvulsive stimulation; SD, standard deviation; SEM, standard

error of the mean.
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Figure 3.10 The effect of ECS on E2f1 mRNA animals in the rat brain and peripheral
whole blood
All data is presented as mean + SD, n = 5-8. ** represents a p < 0.01 as measured by a student
t-test. Abbreviations: ECS, electroconvulsive stimulation; FC, fold change.
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3.5 Discussion
3.5.1 Results summary

To my knowledge, this is the first study to examine peripheral blood E2F1 mRNA levels
in a relatively large cohort of a well characterised group of patients with depression. E2F1
MRNA levels were found to be significantly lower in patients with depression in
comparison to healthy controls. There was no change in E2F1 mRNA levels in patients
following ECT. There were no correlations between E2F1 levels and mood ratings using
the HAM-D24. Based on previous findings (Kolshus et al., 2017), the effect of psychosis
on E2F1 levels was also investigated. However, there were no differences between
patients with and without psychosis. Polarity of depression also had no effect on E2F1
levels. There was a trend for a negative correlation between a change in HAM-D24 scores
and a change in E2F1 levels over time in patients with unipolar depression. There was
also a trend for a negative correlation between a change in HAM-D24 scores and a change
in E2F1 levels over time in patients who did not respond to ECT. In the rat brain, acute

ECS significantly reduced E2f1 mRNA levels in the dentate gyrus.

3.5.2 Lower E2F1 mRNA and depression

Patients with depression had significantly lower levels of peripheral whole blood E2F1
mMRNA in comparison to controls. This is what was expected from this study as miRNAs
typically downregulate their target genes (Orang et al., 2014) and miR-106a has been
reported to be inversely correlated with levels of E2F1 mRNA (Diaz et al., 2008).
However, ROC analysis reported an AUC of 0.667. This score indicates that E2F1 is not
a very good marker for depression, at least when it is used alone. Combining E2F1 with

related markers (for example other cell cycle proteins could be dysregulated in depression
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also) may give a stronger diagnostic result. This result still gives some evidence for arole

of E2F1 in depression.

It is unclear how lower E2F1 mRNA levels are linked to the pathophysiology of
depression as this has not been investigated before. However, E2F1 has been linked to
peripheral systems and proteins that have been shown to be dysregulated in depression.
For example, E2F1 has been shown to interact with several cytokines, e.g. interferon-y
has been reported to reduce E2F1 levels (Reimer et al., 2006). Therefore, the inflamed
status that has been reported in patients with depression could be affecting E2F1 mRNA
levels (Kohler et al., 2017). Growth factors, including VEGF, BDNF and PEDF, have
also been linked to E2F1 (Ertosun et al., 2016). VEGF is an angiogenic mitogen with
roles in vasculogenesis stimulation and neurogenesis that has been implicated in
depression (Sharma et al., 2016). Patients with depression have higher levels of peripheral
blood VEGF mRNA in comparison to healthy controls (Kolshus et al., 2017, Berent et
al., 2014, Shibata et al., 2013). E2F1 knock-out mice have increased VEGF levels in
peripheral cells (Wu et al., 2014, Wang et al., 2016). Although it is unclear what role
increased peripheral VEGF has for depression, increased brain angiogenesis has been
linked to recovery from depressive episodes (Yamada, 2016). Reduced E2F1 could
therefore have a role in this via upregulation of VEGF. As mentioned in the introduction,
E2F1 is increased in response to VEGF treatment to induce proliferation of rat cortical

neuronal progenitor cells (Zhu et al., 2003).

In contrast, other growth factors have been reported to reduce E2F1 protein levels
to either induce apoptosis or inhibited cell cycle re-entry. Under hypoxic conditions,
BDNF reduces excitotoxicity and cell death by preventing cell cycle re-entry via E2F1
activation (Boutahar et al., 2010). PEDF induces apoptosis of chondrocytes by

downregulating E2F1 but its effect in the CNS is unknown (Tan et al., 2010). Through
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its interactions with growth factors E2F1 may play an important role in the CNS that

could depend on cell conditions.

E2F1 has also been linked to telomere maintenance and, as reduced telomere
length has been reported in depression (Ridout et al., 2015), lower E2F1 mRNA could be
linked to reduced telomere length in depression. In normal human cells, E2F1 has been
shown to activate human telomerase reverse transcriptase (hnTERT) (Won et al., 2002).
Activated hTERT, the catalytic subunit of telomerase, has been reported to maintain
telomere length, through an assembly of E2F1 and a histone deacetylase (HDAC)
complex (Won et al., 2004). Therefore, reduced E2F1 as demonstrated in this study and
reduced HDAC expression, already reported in depression (Hobara et al., 2010), could
result in reduced telomerase activity and telomere length. It has also been suggested that
telomerase activity can mediate the effects of trophic factors in the brain (Mattson et al.,
2001) and peripheral blood mononuclear cell telomerase activity correlates with
hippocampal volumes in depression (Wolkowitz et al., 2015). Therefore, this

E2F1/nTERT interaction could be linked to changes in brain volumes in depression.

Overall, there are a number of pathways implicated/reported in depression that

have links to E2F1.

3.5.3 The effect of ECT on E2F1 mRNA levels

ECT had no effect on peripheral blood E2F1 mRNA levels. To date only one study has
examined at effect of ECS on E2F1 protein levels (Kim et al., 2005). They focused on rat
frontal cortex samples and did not examine peripheral blood levels. Rats were treated
with a single ECS or either five or ten days of chronic ECS, with E2F1 protein levels

significantly increasing with the number of ECS sessions given. In that study animals

118



were sacrificed 24 hours after their last ECS. For our study, patient bloods were taken 1—
3 days after their last ECT session, and it is possible that the effect of ECT on E2F1

MRNA was missed if it was transient.

The exact source of E2F1 mRNA in peripheral whole blood is not clear but
peripheral blood mononuclear cells (PBMCs) express E2F1 and are a potential source of
the gene expression detected in this study (Sarhan et al., 2015). | am unaware of any
studies that show E2F1 mRNA can cross the blood brain barrier. One way for mMRNA to
cross the BBB is by exosomes, specialized membranous vesicles produced in the
endosomal compartment that have a role in cell-to-cell communication (Morales-Prieto
et al., 2018). However, to my knowledge no studies have studied if exosomes release
E2F1. Therefore, ECT may increase E2F1 protein and mRNA levels in the brain and this

may not be detectable in peripheral blood.

3.5.4 The effect of psychosis and other depression subgroups on E2F1 mRNA
levels

The main reason for exploring E2F1 levels in depression was the result of a deep
sequencing study and gene target analysis that showed altered levels of two miRNAs in
patients from the EFFECT-Dep Trial (miR-126-3p and miR-106-5p). Gene target
analysis identified E2F1 as a target of both these miRNAs. These miRNAs were elevated
at baseline in psychotic depression and returned to control levels following ECT (Kolshus
et al., 2017). However, no statistically significant difference in E2F1 mRNA levels
between the non-psychotic and psychotic groups at baseline or after ECT were found.
This indicates that E2ZF1 might not be directly regulated by these miRNASs in depression.
Another possibility is that E2F1 is linked to other miRNAs and may be supressed by

other pathways. For example, activation of E2F1 protein has been shown to directly
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regulate miR-16 (Ofir et al., 2011), possibly through tumour protein 53 (p53), which has
been linked to the therapeutic response to antidepressants and has been reported to be
downregulated in depression (Song et al., 2006). It has been suggested that E2F1-
regulated miRNAs function as part of a feedback loop, activating E2F1 function (Ofir et
al., 2011). It is possible that miR-16 plays a close regulatory role in E2F1 function.
Therefore, changes in E2F1 could be independent of our previously reported miRNA

changes.

3.5.5 Correlation studies

This study reported a few weak correlations between a change in E2F1 levels and a
change in HAM-D24 scores after ECT. These associations were found between unipolar
patients, and patients who did not respond to ECT or attain remission. However, after
correcting for multiple testing these correlations were not significant. It is unlikely that
E2F1 mRNA could be used clinically to monitor response to ECT. The only result that
still had a trend for significance after correcting was the relationship between a change
in E2F1 levels and a change in HAM-D24 scores after ECT in non-responders. This
indicates that increasing E2F1 mRNA levels results in decreasing HAM-D24 scores in
patients who do not respond to ECT, a result that is difficult to interpret and may have

been a Type | error as a result of multiple testing.

3.5.6 The effect of ECS on E2f1 mRNA levels in the rat brain

As previous animal data had shown an effect of ECS on E2F1 protein levels in the rat
frontal cortex (Kim et al., 2005), | wanted to investigate if the effects of ECS in the brain

would translate to the periphery by analysing E2f1 mRNA expression in response to acute
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and chronic ECS in naive rats. | found decreased E2f1 mRNA in the dentate gyrus
following acute ECS but no changes in any other region after both acute and chronic
ECS. To my knowledge, this is the first study to examine the effects of ECS or any
antidepressant therapy on E2f1 mRNA in the brain and periphery. The study by Kim et
al. (2005) examined E2F1 protein and samples were collected after 24 hours. In their
study, E2F1 protein gradually increased with the number of ECS sessions, possibly
indicating sustained E2F1 protein activation. However, E2f1 mRNA was only decreased

in the dentate gyrus after an acute ECS session.

It is not clear why E2f1 mRNA decreased in the dentate gyrus. Based on previous
work by Kim et al. (2005), | would have expected ECS to activate cell cycle progression
and E2F1. However, mRNA levels do not always reflect protein levels. Studies have
shown that steady-state transcript abundances only partially predict protein
concentrations in most organisms, with protein localisation, degradation and post-
translational modifications affecting protein concentrations (\Vogel and Marcotte, 2012).
Therefore, | cannot say for certain how reduced mRNA in the dentate gyrus could
translate to protein levels. It does, however, give some support to the point that changes
in E2F1 mRNA post ECT might be transient and not translate to the periphery. To fully
understand the role of E2F1 in depression an animal model investigating changes in E2F1

and other cell cycle regulatory proteins may be needed.

3.5.7 Study limitations and future studies

The main limitation of this study is that the EFFECT-Dep study was not originally
designed for molecular analysis. Therefore, recruitment did not take into consideration

the power needed to statistically detect changes in gene levels between patients and
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controls. However, this study has a relatively large sample size, that is in line or higher
than other studies that have detected molecular changes in whole blood between patients
and controls, or in patients before and after treatment (Jarventausta et al., 2017, Allen et

al., 2018a, Abe et al., 2011).

One limitation of this study is that all the patients received pharmacological
treatment as normal throughout their course of ECT. It therefore cannot be ruled out that
reduced peripheral E2F1 is an antidepressant effect in the depressed patients in
comparison to controls. For example, one study has reported that amitriptyline, a tricyclic
antidepressant, can reduce cyclin D transactivation and protein expression (Mao et al.,
2011). Reduced cyclin D expression can result in suppressed E2F1 protein levels through
reduced Rb phosphorylation (Jan et al., 2011). Therefore, antidepressants could alter
E2F1 mRNA levels. It would be interesting to repeat this study in an antidepressant naive

cohort to clarify if this is a marker of depression or an antidepressant response.

3.6 Conclusion

In conclusion, E2F1 mRNA levels were significantly lower in patients with depression.
E2F1 was not associated with any mood ratings in depression and did not change among
subgroups of depression. Further studies would be useful to clarify if reduced E2F1 is an
antidepressant effect or a marker of depression and to examine the effects of treatment in
an antidepressant naive cohort. As ECS has previously been shown to increase E2F1 in
the rat frontal cortex (Kim et al., 2005), and | reported reduced mRNA expression in the
dentate gyrus in response to ECS, it would be interesting to investigate the role of E2F1
in an animal model of depression. Overall, these results indicate that E2F1 mRNA could

be a peripheral trait feature of depression.
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Chapter 4.
Peripheral blood SIRT1 mRNA iIn
depression and following
electroconvulsive therapy

123



4.1 Introduction

The sirtuins are a family of seven (SIRT1-7) nicotinamide (NAD+)-dependent
deacetylases, that have been classed as type Il histone deacetylases (HDACSs) (Michan
and Sinclair, 2007, Whittle et al., 2007). Through deacetylating both histone and non-
histone protein targets, they have been reported to regulate glucose homeostasis,
mitochondrial biogenesis, DNA repair, inflammation, apoptosis, and aging in the
periphery (Inoue et al., 2017, Oberdoerffer et al., 2008, Rodgers et al., 2005, Tissenbaum
and Guarente, 2001, Vaziri et al., 2001). SIRT1 also has roles in the central nervous
system (CNS), including improvement of cognition, regulation of circadian rhythms,
synaptic plasticity, and memory in animal studies (Asher et al., 2008, Gao et al., 2010,

Michan et al., 2010, Cao et al., 2018).

There is strong evidence linking SIRT1 to depression that comes from human
genetic studies (Kishi et al., 2010, Cai et al., 2015), animal studies (Libert et al., 2011,
Abe-Higuchi et al., 2016), and human gene expression studies (Abe et al., 2011, Luo and
Zhang, 2016, Wang et al., 2018b). One of these studies (Wang et al., 2018b), also reported
that four weeks of treatment with citalopram attenuated reduced SIRT1 mRNA levels in
drug naive patients, indicating SIRTL1 is involved in the therapeutic response to
antidepressants. However, as far as | am aware, no studies have assessed if ECT has an

effect on SIRT1 mRNA levels, or if levels are associated with clinical outcomes.

As mentioned in Chapters 1 and 3, a recent study from my lab identified two
microRNAs (miR-126-3p and miR-106a-5p), for which SIRT1 is a shared target, that
were elevated in psychotic depressed patients and returned to control levels following
electroconvulsive therapy (ECT) (Kolshus et al., 2017). There is further evidence to link
SIRT1 to the antidepressant response of ECT. A recent study showed that acute

electroconvulsive stimulation (ECS) increases SIRT1 immunoreactivity levels in mouse
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hippocampus and hypothalamus (Chung et al., 2013), and ECS has been reported to
induce histone modification of hippocampal genes (Tsankova et al., 2004). Together, the

above findings suggest a role for SIRT1 in depression and ECT treatment response.

4.2 Aims and objectives

The aim of this study was to examine SIRT1 mRNA levels in peripheral whole blood
samples collected from patients with depression pre- and post-treatment with ECT and
age- and sex-matched healthy controls in order to gain an understanding of the effect of
ECT on these markers. Based on the studies on SIRT1 mRNA published at the time of
this study (Abe et al., 2011, Luo and Zhang, 2016), | hypothesised that SIRT1 mRNA
levels would be lower in patients with depression than in healthy controls. As this study
was based on the previous miRNA data where the miRNA levels that target SIRT1
returned to control levels (Kolshus et al., 2017), | hypothesised SIRT1 mRNA would also

return to control levels following a course of ECT. The objectives of the study were to:

1. To analyse the levels of SIRT1 mRNA in whole blood collected from patients
with depression and controls using real-time quantitative polymerase chain
reaction (RT-gPCR).

2. To assess differences in the levels of SIRT1 mRNA in patients pre-/post-ECT.

3. To assess differences in SIRT1 mRNA levels pre-/post-ECT in depression
subtypes (psychotic/non-psychotic, unipolar/bipolar).

4. To determine if there are differences in the levels of SIRT1 mRNA in
responders/non-responders and remitters/non-remitters.

5. To perform correlation analyses to determine if levels of SIRT1 are associated

with mood scores.
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6. To investigate the effects of acute and chronic ECS on Sirtl mRNA levels in

peripheral whole blood and brain regions of naive rats.

4.3 Materials and methods
4.3.1 Human participants

This study included participants recruited as part of the EFFECT-Dep Trial (Enhancing
the Effectiveness of ECT in Severe Depression, ISRCTN23577151) that took place in St
Patrick’s Mental Health Services, Dublin (www.stpatricks.ie). Full details of this trial,
clinical assessments and healthy control recruitment can be found in sections 2.2.1.1 —

2.2.14.

4.3.2 Blood sampling and mRNA extraction

Full details for blood sampling and mRNA extraction are given in section 2.2.1.3 —
2.2.1.5. Fasting whole blood samples for mRNA analysis were taken using the PaxGene®
system (Qiagen Inc., USA). Samples were left to incubate at room temperature for two
hours, transferred to -20°C for 24 hours, and then stored at -80°C until use. mMRNA was
extracted using the PaxGene® Blood RNA Kit according to the manufacturer’s
instructions (Qiagen Inc., USA). Quality analysis (to check RNA concentration and
integrity) was carried out on the NanoDrop® 1000 UV-Vis Spectrophotometer (Fisher
Scientific, UK). RNA samples with a 280/260 ratio of 1.8-2.2 were considered acceptable

for analysis and RNA was equalised to 10ng/pl.
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4.3.3 Multiplex quantitative real-time polymerase chain reaction (QRT-PCR)

MRNA cDNA synthesis was performed using a High Capacity cDNA Reverse
Transcription Kit (Applied Biosystems, UK). gRT-PCR was carried out on the StepOne
PlusTM Real-Time PCR system (Applied Biosystems, UK) using TagMan® (Applied
Biosystems, UK) gene expression assays (SIRT1; assay ID:Hs01009006_m1) with
glyceraldehyde 3-phosphate dehydrogenase (GAPDH; assay ID:Hs03929097 g1) as the
endogenous control. Full details of cDNA synthesis, qRT-PCR and gene expression

analysis can be found in sections 2.2.1.8 — 2.2.1.10.

4.3.4 Electroconvulsive stimulation study

Methods for the acute/chronic electroconvulsive stimulations (ECS)/sham treatment

study can be found in section 2.2.2.

4.3.5 Statistical analysis

Data were analysed using SPSS version 21.0 (IBM Corporation, NY, USA) and
GraphPad Prism 5 (GraphPad Software, California, USA). Receiver Operating
Characteristic curve analysis was carried out using MedCalc® (MedCalc Software,
Bekgium). Data were tested for normality using a Shapiro-Wilk test and log-transformed

when necessary.

Baseline clinical and demographic factors are presented as means with standard
deviation (SD), or number (%) per group. | adjusted for potential variance with
confounders from the literature as well as variables that were significantly different
between groups (current smoking status, BMI and education). For SIRT1 mRNA analysis,

potential covariates from the literature included age, body mass index (BMI), diabetes,
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current smoking status and ischemic heart disease (Breitenstein et al., 2013, Owczarz et
al., 2017, Li et al., 2017, Santos-Bezerra et al., 2017, Zillikens et al., 2009). When
analysing the effect of ECT, | also corrected for baseline HAM-D24 scores, presence of
psychosis, depression polarity and electrode placement as these may affect how a patient

responds to treatment.

Data were analysed using independent t-tests, paired t-tests, Mann-Whitney U
tests for non-parametric data, or a general linear model (GLM). Categorical data were
tested using a chi-square test (¥2) or Fisher’s exact test. For correlational analyses, data
were analysed with Pearson’s product-moment correlation coefficient (Pearson’s r) for
parametric data and Spearman’s rank correlation coefficient rho (p) for non-parametric

data.

Animal data were tested for normality using a Kolmogorov-Smirnov normality
test. Parametric data were tested with a student t test and non-parametric data were tested
using a Mann-Whitney U test. Values are represented as a fold-change (a ratio of how
much the treatment group changed in comparison to the control group). Animal data are

presented as means + standard error of the mean (SEM).

Statistical significance was set at p < 0.05. For correlation analysis p < 0.01 was

used to account for multiple testing.

4.4 Results

4.4.1 Sample characteristics

For this study, 91 out of 138 participants from the EFFECT-Dep trial had both pre- and
post-ECT bloods available for analysis. Similar to chapter 3.4.1, these samples were

representative of the whole EFFECT-Dep patient group (see Table 4.1).
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Patients EFFECT Statistical Test

included group

(n=091) (n =140)
Age (SD) 56.78 (13.5) 56.70 (14.8) t(227)=-0.04, p=0.97
Sex, female n (%) 59 (64.8) 87 (62.1) x2=0.08, p=0.45
Smoker, yes n (%) 38 (41.8) 61 (43.6) 12=0.13, p=0.41
BMI (SD) 27.02 (5.1) 26.62 (4.8)  U(231)=6101.00, p=0.58
Education Completed, n (%0)

Primary 18 (19.8) 23 (16.5)

Secondary 50 (54.9) 80 (57.6)

Tertiary 23(25.3) 36 (25.9) x2=0.40, p=0.66
Bipolar Depression, yes n (%) 19 (20.9) 32 (22.9) x2=0.17, p=0.40
Psychotic Subtype, yes n (%) 22 (24.2) 29 (20.7) x2=0.32, p=0.34
Treatment Resistant, yes n (%0) 67 (73.6) 98 (70.0) 12=0.19, p=0.39
Previous ECT, yes n (%0) 29 (31.9) 52 (37.1) x2=0.78, p=.23
No. of Previous Depression 5.33 (4.8) 5.33 (4.5) t(227)=0.01, p=0.65
Episodes (SD)

Pre-ECT HAM-D24 (SD) 30.27 (6.4) 29.91(6.2) U(229)=6803.00, p=0.70
Post-ECT HAM-D24 (SD) 10.94 (8.2) 11.79 (8.4)  U(227)=5768.50, p=0.39
No. of ECT sessions (SD) 8.24 (2.3) 8.01 (2.4) t(227)=-0.73, p=0.47
Electrode Placement, n (%)

Unilateral 42 (46.2) 69 (50.0)

Bilateral 49 (53.8) 69 (50.0) x2=0.33, p=0.32
Responder, yes n (%) 56 (61.5) 77 (55.0) x2=0.74, p=0.24
Remitter, yes n (%0) 47 (51.6) 61 (43.6) x2=1.22, p=0.17
Relapse (of those that 15 (31.9) 17 (27.9) x2=1.27, p=0.31
remitted), yes n (%)

Medications, yes n (%)

SSRI 24 (26.4) 28 (20.0) x2=1.26, p=0.17

SNRI 43 (47.3) 65 (46.4) x2=0.01, p=0.51

TCA 23 (25.3) 43 (30.7) x2=0.83, p=0.22

Mirtazapine 33 (36.3) 45 (32.1) x2=0.40, p=0.31

Bupropion 4 (4.4) 5(3.6) p=0.51

MAOI 11 (12.1) 15 (10.7) x2=0.10, p=0.46

Lithium 34 (37.4) 55 (39.3) x2=0.10, p=0.43

Antipsychotic 66 (72.5) 96 (68.6) x2=0.38, p=0.32

Valproate 5 (5.5) 9(6.4) x2=0.01, p=0.50

Pregabalin 5(5.5) 8 (5.7) x2=0.01, p=0.59

Benzodiazepine 49 (53.8) 76 (54.3) x2=0.01, p=0.52

Non-benzodiazepine Hypnotic 54 (59.3) 87 (62.1) x2=0.21, p=0.37

Table 4.1 Comparison of the patients used for the SIRT1 mRNA study to the entire

EFFECT-Dep patient sample

Abbreviations: BMI, body mass index; HAM-D24, Hamilton Depression Rating Scale, 24-
item version; ECT, electroconvulsive therapy; SSRI, selective serotonin reuptake inhibitor;
SNRI, serotonin and noradrenaline reuptake inhibitor; TCA, tricyclic antidepressants; MAOI,
monoamine oxidase inhibitor; U, standardized Mann-Whitney test. Data are presented as

means (SD) or n (%).
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Healthy controls (n = 85) were included who were balanced with the patients for age and
sex. The patient group had a higher BMI (p < 0.01), were more likely to smoke (p < 0.01)
and had a lower educational attainment (p < 0.001) than the control group. These
variables were therefore included as covariates for analysis. Demographic and clinical

characteristics are presented in Table 4.

Patient Control Statistical Test
(n=91) (n=285)
Age 56.78 (13.5) 54.74 (10.7)  t(174)=-1.10, p=0.27
Sex, female n (%) 59 (64.8) 53 (62.4) 2*=0.12, p=0.76
Smoker, yes n (%) 38 (41.8) 19 (22.4) x°=7.56, p<0.01
BMI 27.02(5.1)  25.14 (4.0)  U=2922.00, p<0.01
Education Completed, n (%0)
Primary 18 (19.8) 4 (4.7)
Secondary 50 (54.9) 16 (18.8)
Tertiary 23 (25.3) 65 (76.5) %°=52.10, p<0.001
Diabetes, yes n (%) 7(7.7) 3(3.5) p=0.34
Ischemic Heart Disease, yes n (%) 11 (12.1) 4(4.7) p=0.11
HAM-D24 Pre-ECT 30.27 (6.4) 3.29 (2.5) U<0.001, p<0.001
Table 4.2 Demographic and clinical features of patients and controls for SIRT1 mRNA
analysis

Abbreviations: BMI, body mass index; HAM-D24, Hamilton Depression Rating Scale, 24-
item version; ECT, electroconvulsive therapy; U, standardized Mann-Whitney test. Data are
presented as means (SD) or n (%). SIRT1 mRNA levels in depression and following ECT.
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4.4.2 Sirtuinl levels in depression and following electroconvulsive therapy

RQ values for SIRTL mRNA were not normally distributed. Values were normal
following log transformation. Therefore, log values for SIRT1 were used for analysis.
Healthy controls had a mean SIRT1 mMRNA RQ value of 1.31 (SD: 0.44), whereas
depressed patients had a mean value of 1.06 (SD: 0.34). Patient SIRT1 levels increased

to 1.10 (SD: 0.34) post-ECT.

Patient peripheral blood SIRT1 mRNA levels were initially compared to controls
using an unadjusted student’s t-test. Baseline peripheral SIRT1 mRNA levels were
significantly lower in patients with depression (n = 91) compared to healthy controls (n
= 85) (p < 0.001; Figure 4.1). Adjusting for potential covariates (age, current smoking
status, BMI, education, diabetes, ischemic heart disease) using a GLM altered the result
slightly, (F(1,165) = 8.20, p = 0.005), but there was still a significant difference between
groups with lower SIRT1 levels in patients. Only age was found to have an effect on
SIRT1 levels (F(1,165) = 10.13, p = 0.002), with a lower age being correlated with higher

SIRT1 mRNA levels. The effects of the other covariates are reported in Table 4.3.

A paired t-test revealed that SIRT1 mRNA levels were not significantly altered by
ECT treatment (p = 0.23; Figure 4.1). Correcting for covariates did not change this

(F(1,79) = 0.06, p = 0.80).
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Figure 4.1 SIRT1 mRNA levels in controls and patients pre-/post-ECT

Log transformed RQ values of SIRT1 mRNA in controls and pre-ECT in depressed patients,
and after a course of ECT in patients. SIRT1 levels were significantly decreased in patients
(n =91) in comparison to healthy controls (n = 85). Data are presented as mean = SD. ** p =

0.005 healthy controls versus depressed pre-ECT.

Covariate df F P Value
Patient Group 1,173 8.20 <0.01
Age 1,173 12.15 <0.01
Smoking 1,173 291 0.09
BMI 1,173 1.84 0.18
Level of Education 2,173 0.01 0.25
Diabtetes 1,173 1.93 0.17
Ischemic Heart Disease 1,173 0.16 0.69

Table 4.3 The effect of relevant covariates on SIRT1 mRNA expression.

Age had a significant effect on SIRT1 mRNA levels. However, the patient group (control vs.
depressed patient) still had a significant effect on SIRT1 mRNA levels. Abbreviations: df,

degrees of freedom; F, F value (variance group means); BMI, body mass index.
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4.4.3 Receiver operating characteristic curve analysis

I next performed a receiver operating characteristic (ROC) curve to determine if SIRT1
MRNA levels at baseline could be used to distinguish patients with depression from
controls. This is done by plotting the true positive results against the true negative results
and the area under the curve (AUC) is used to determine the accuracy of a diagnostic
marker (Zweig and Campbell, 1993). An AUC value of 1 indicates a good diagnostic test
where as a value of 0.5 indicates a poor test. The AUC value of SIRT1 was 0.677, with a

sensitivity of 70.3% and a specificity of 58.8%; see Figure 4.2.
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Figure 4.2 ROC of SIRT1 mRNA levels and patient/control classification.
ROC analysis of depressed patients (n = 91) and healthy controls (n = 85).
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4.4.4 The effects of different depression subtypes on Sirtuinl mRNA levels

Subgroup analyse were performed to determine if SIRT1 mRNA differed between
different subsets of depression (depression with/without the presence of psychosis and
unipolar/bipolar depression), or if levels differed between ECT responders/remitters.
These analyses were performed to investigate if SIRT1 mRNA levels could be used in a
clinical setting to distinguish between subtypes of depression or predict response to ECT.
The sections below detail the effect of the different clinical groups on SIRT1 mRNA

levels with a summary table (Table 4.6) provided at the end of section 4.4.4.

4.4.4.1 The presence of psychosis and Sirtuinl mRNA levels

As the initial miRNA findings were found in patients with psychotic depression (Kolshus

et al., 2017), the effect of psychosis on SIRT1 levels was assessed.

There was no difference in SIRT1 mRNA levels between non-psychotic (n = 69)
and psychotic (n = 22) groups at baseline (p = 0.63; Figure 4.3) and adjusting for
covariates (age, current smoking status, BMI, education, diabetes, ischemic heart disease,
baseline HAM-D24 score, and polarity of depression) did not change this. There were no
differences between psychotic and non-psychotic groups for SIRT1 levels over time (p =

0.16).
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Figure 4.3 SIRT1 mRNA levels and the presence of psychosis pre-/post-ECT

There were no differences in SIRT1 mRNA levels in patients with (n = 22) or without (n =
69) the presence of psychosis pre-ECT and this did not change over time. Data are presented
as unadjusted mean £ SD.

4.4.4.2 Depression polarity and Sirtuinl mRNA levels

As SIRT1 mRNA levels had previously been shown to be reduced in both MDD and
bipolar depressed patients (Abe et al., 2011), | also investigated the effects of depression
polarity on SIRT1 mRNA levels. Table 4.4 compares the clinical and demographic
features of the patients with unipolar depression and patients with bipolar depression.
Patients with bipolar depression were more likely to be smokers (p = 0.002) and there
was a difference in education completed with less bipolar depressed patients attaining
third level education (p = 0.05). Both of these measures were included as covariates.
Patients with bipolar depression also had a greater number of previous depressive
episodes (p = 0.003), this was therefore included as a covariate for this analysis. Patients
with bipolar depression were also less likely to be on SNRI medication (p = 0.003).
However, due to the heterogeneity of the medications taken by our patients there was no

clear way to adjust for this.
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Unipolar Bipolar Statistical Test
Depression Depression

(n=72) (n=19)
Age 57.26 (13.1) 54.95 (15.1) t(89)=0.66, p=0.51
Sex, female n (%) 49 (68.1) 10 (47.6) 2*=1.57, p=0.16
Smoker, yes n (%) 24 (33.3) 14 (66.6) %*=10.06, p<0.01
BMI (SD) 27.10 (4.9) 26.71 (6.2) U=584.50, p=0.33
Education Completed, n (%0)

Primary 12 (16.7) 6 (31.5)

Secondary 40 (55.6) 10 (52.6)

Tertiary 20 (27.8) 3(15.9) p=0.30

Diabetes, yes n (%) 6 (8.3) 1(5.3) p=0.55
Ischemic Heart Disease, yes n (%) 8 (11.1) 3(15.8) p=0.41
Psychosis Subtype, n (%) 17 (23.6) 5 (26.3) 2*=0.06, p=0.51
Treatment Resistant, yes n (%o) 56 (77.8) 11 (57.9) 2*=3.06, p=0.08
Previous ECT, yes n (%) 22 (30.6) 7 (36.8) 27=0.24, p=0.41
No. of Previous Depression 458 (4.1) 8.20 (5.6) t(89)=-3.04, p<0.01
Episodes (SD)
HAM-D24 Pre-ECT 29.97 (6.5) 31.42 (6.2) U=575.50, p=0.29
HAM-D24 Post-ECT 10.92 (8.2) 11.10 (8.1) U=667.00, p=0.94
No. ECT sessions 8.19 (2.3) 8.42 (2.6) t(89)=-0.37, p=0.71
Electrode Placement

Unilateral 32 (44.4) 10 (52.6)

Bilateral 40 (55.6) 9 (47.4) 2*=0.41, p=0.35
Responder, n (%) 44 (61.1) 12 (63.2) 2%=0.03, p=0.55
Remitter, n (%) 35 (48.6) 10 (52.6) 2%=0.09, p=0.57
Medications, n (%0)

SSRI 18 (25.0) 6 (31.6) 2%=0.30, p=0.39

SNRI 40 (55.6) 3(15.8) P<0.01

TCA 19 (26.4) 4(21.1) p=0.43

Mirtazapine 25 (34.7) 8(4.1) 27*=0.31, p=0.38

Bupropion 4 (5.6) 0 (0.0 p=0.38

MAOI 8(11.1 3(15.8) p=0.42

Lithium 28 (38.9) 6 (31.6) 27%=0.39, p=0.36

Antipsychotic 52 (72.2) 14 (73.7) 2%<0.01, p=0.61

Valproate 2 (2.8) 3(15.8) p=0.06

Pregabalin 4 (5.6) 1(5.3) p=0.72

Benzodiazepine 40 (55.6) 9 (47.4) 2*=0.49, p=0.33

Non-benzodiazepine Hypnotic 44 (61.1) 10 (52.6) 2*=0.55, p=0.32

Table 4.4 Demographic and clinical details of patients with unipolar depression and

bipolar depression

Abbreviations: BMI, body mass index; NSAID, Nonsteroidal anti-inflammatory drugs:
HAM-D24, Hamilton Depression Rating Scale, 24-item; ECT, Electroconvulsive therapy;
SSRI, Selective serotonin reuptake inhibitor; SNRI, Serotonin and noradrenaline reuptake
inhibitor; TCA, Tricyclic antidepressants; MAOI, Monoamine Oxidase Inhibitor; U,

standardised Mann-Whitney test. Data are presented in means (SD) or n (%).
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An unadjusted GLM found a significant difference between the two groups (p = 0.049),
with lower levels of SIRT1 mRNA in the bipolar depressed group (n = 19) compared to
the unipolar depressed group (n = 72). However, after adjusting for the relevant covariates
(age, current smoking status, BMI, education, diabetes, ischemic heart disease, baseline
HAM-D24 score, the presence of psychosis and the number of previous depressive
episodes) this significance was no longer seen (p = 0.13; Figure 4.4). There was also a
trend for a polarity x time interaction (p = 0.08) but this effect was also lost after
correction (p = 0.23). Of the relevant covariates mentioned above, only age had a

significant effect on the effect of polarity and SIRT1 mRNA levels, see Table 4.5.
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Figure 4.4 SIRT1 mRNA levels and the polarity of depression pre-/post-ECT

An unadjusted GLM found a significant difference in SIRT1 mRNA levels between the two
groups (p = 0.049). However, after adjusting for covariates this significance was no longer
seen (p = 0.13). (b) There was also a trend for a polarity x time interaction (p = 0.08) but this
effect was lost after correction (p = 0.23). Data are presented as unadjusted mean + SD.
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Source df F P value

Patient Group 1,79 209 0.15
Age 1,79 863 <0.01
Smoking Status 1,79 204 0.16
BMI 1,79 117 0.28
Level of Education 2,89 31 0.73
Diabetes 1,79 3.08 0.08
Ischemic_Heart_disease 1,79 0.09 0.77
HAM-D24 baseline 1,79 <0.01 0.98
Presence of Psychosis 1,79 0.19 0.66

No. of previous depressive episodes 1,79 094 0.34

Table 4.5 The effects of relative covariates on SIRT1 mRNA levels and polarity of
depression

After adjusting for covariates polarity of depression had no effect on SIRT1 mRNA levels,
with age having a significant effect on this interaction (patient group = unipolar vs bipolar
depression). Abbreviations: df, degrees of freedom; F, F value (variance group means); BMI,
body mass index; HAM-D24, Hamilton Depression Rating Scale, 24-item.

4.4.4.3 Sirtuinl mRNA levels and response or remission

Next, | wanted to assess if SIRT1 mRNA levels could be used to predict clinical response
to ECT. Analyses was performed to explore if SIRT1 mRNA levels were different at
baseline between patients who responded to ECT (n = 56) and those who did not (n =
35), and if these levels changed over time (pre-/post-ECT). Differences in SIRT1 levels

in patients who did (n = 47) and did not (n = 44) attain remission were also assessed.

As shown in Figure 4.5 there were no differences in SIRT1 mRNA levels between
(a) responders and non-responders at baseline (p = 0.70) or pre-/post-ECT (p = 0.40), or
between (b) remitters and non-remitters at baseline (p = 0.89) or over time (p = 0.77).
Adjusting for covariates (age, current smoking status, BMI, education, diabetes, ischemic
heart disease, baseline HAM-D24 score, electrode placement, presence of psychosis, and

polarity of depression) did not change these findings.
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Figure 4.5 SIRT1 mRNA levels and response/remission status

A general linear model found no differences in SIRT1 mMRNA levels between (A) ECT
responders (n = 56) and non responders (n = 35), or (B) between patients who attained
remission (n = 47) and those who did not (n = 44). This did not change with ECT. Data are
presented as unadjusted means + SD.
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Subgroup Depressed Pre-  Depressed Post- Test Statistics Adjusted Statistics
ECT ECT

Psychosis Group Pre-ECT  F(1,89)=0.06, p=0.80  F(1,80)=0.19, p=0.66
Yes (n=22) 0.0033 (0.14) -0.00301 (0.13) Time F(1,89)=0.08, p=0.78  F(1,79)=0.06, p=0.80
No (n = 69) -0.0055 (0.15) 0.0394 (0.13) Group x Time F(1,89)=2.12, p=0.15  F(1,79)=2.00, p=0.16

Polarity Group Pre-ECT  F(1,89)=4.00, p=0.05  F(1,80)=2.09, p=0.15
Bipolar (n = 19) -0.0562 (0.14) 0.0019 (0.13) Time F(1,89)=2.62, p=0.12  F(1,79)=0.06, p=0.80
Unipolar (n =72) 0.0163 (0.14) 0.0281 (0.14) Group x Time F(1,89)=3.07, p=0.08  F(1,79)=1.61, p=0.21

Responder Group Pre-ECT  F(1,89)=0.16, p=0.70  F(1,79)=0.01, p=0.92
Yes (n = 56) -0.0035 (0.15) 0.0062 (0.12) Time F(1,89)=1.91, p=0.17  F(1,78)=0.10, p=0.75
No (n = 35) 0.0086 (0.14) 0.0488 (0.15) Group x Time F(1,89)=1.33, p=0.25  F(1,78)=1.38, p=0.24

Remission Group Pre-ECT  F(1,89)=0.02, p=0.89 F(1,79)=0.03, p=0.87
Yes (n = 47) -0.0008 (0.14) 0.0158 (0.13) Time F(1,89)=1.50, p=0.22  F(1,78)=0.06, p=0.82
No (n = 44) 0.0032 (0.15) 0.0299 (0.14) Group x Time F(1,89)=0.15, p=0.70  F(1,78)=0.28, =0.60

Table 4.6 Clinical subgroup analysis of SIRT1 mRNA levels before and after a course of ECT
Abbreviations: ECT, electroconvulsive therapy. Data are presented as unadjusted mean log10 SIRT1 relative quantification levels (SD).
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4.4.5 Correlation analyses

Next, | carried out exploratory correlation analyses to assess if SIRT1 mRNA levels could
predict depression severity at baseline, or the response to ECT by correlating mood scores
(using the HAM-D24) with SIRT1 mRNA levels. These analyses were performed in the
patient group as a whole as well in the different subgroups. The following sections give
the data for each individual group with a summary table (Table 4.7) provided at the end

of the section.

4.4.5.1 Associations between mood ratings and Sirtuinl mRNA levels in the patient
group as a whole

First, the relationship between SIRT1 mRNA levels and HAM-D24 mood scores in the
patient group were assessed, see Figure 4.6. There were no correlations between baseline
SIRT1 mRNA and mood ratings at baseline (p = -0.02, p = 0.85) or a change in HAM-
D24 score pre-/post-ECT (r = -0.25, p = 0.81), or between changes in SIRT1 levels and

HAM-D24 scores pre-/post-ECT (r = 0.03, p = 0.81).
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Figure 4.6 Relationship between SIRT1 mRNA levels and mood ratings

There was no correlation between baseline SIRT1 mRNA levels and mood ratings at (A)
baseline as measured by Spearman’s rank correlation coefficient rho (B) a change in HAM-
D24 score pre-/post-ECT, or (C) between changes in SIRT1 levels and HAM-D24 scores pre-
/post-ECT, both measured by Pearson’s r.

4.4.5.2 Associations between mood ratings and Sirtuinl mRNA levels in patients
with the presence of psychosis

The presence of psychosis had no effect on the association between mood scores and

SIRT1 mRNA levels. This indicates that in the patients with psychosis (n = 22), baseline

SIRT1 mRNA levels cannot predict depression severity before ECT (r =-0.14, p = 0.53),

cannot predict symptom improvement with ECT (r = 0.14, p = 0.53), and a change in

SIRT1 mRNA pre-/post-ECT cannot predict symptom improvement (p =-0.24, p = 0.30).
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4.4.5.3 Associations between mood ratings and Sirtuinl mRNA levels in with
bipolar depression

As with the presence of psychosis, polarity of depression had no effect on the association
between mood scores and SIRT1 mRNA levels. In patients with bipolar depression (n =

19),

baseline SIRT1 mRNA levels cannot predict depression severity before ECT (r = -0.20,
p = 0.49), cannot predict symptom improvement with ECT (r = 0.29, p = 0.23), and a
change in SIRT1 mRNA pre-/post-ECT cannot predict symptom improvement (r =-0.32,

p =0.19).

4.4.5.4 Associations between mood ratings, Sirtuinl mRNA levels and response or
remission status

Associations between mood scores and SIRT1 mRNA levels were also assessed with
response/remission status. There was a trend for a negative correlation between a change
in HAM-D24 scores and a change in SIRT1 levels over time in patients who responded
to ECT (n =56; r =-0.34, p = 0.01; Figure 4.7) and those who attained remission (n =

47; r =-0.34, p = 0.02). No other associations were statistically significant.
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Figure 4.7 Relationship between SIRT1 mRNA levels and mood scores with response/
remission

There was a trend for a negative correlation between the change in SIRT1 levels and change
in HAM-D24 score in patients who (A) responded to ECT (n = 56), with (B) no relationship
with patients who did not respond to ECT (n = 35). Similarly, there was a trend for a negative
correlation between the change in SIRT1 levels and change in HAM-D24 score in patients
who (C) attained remission (n = 47). There were no relationships in the patients who (D) did
not attain remission (n = 44). Data for (A-C) were obtained using Pearson’s r correlation
analysis and (D) was measured using Spearman’s rank correlation coefficient rho.
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Subgroup Pre-ECT SIRT1 Pre-ECTSIRTland ASIRT1and
and HAM-D24 AHAM-D24 AHAM-D24
Psychosis
Yes (n=22) r=-0.14, p=0.53 r=0.14, p=0.53 p=-0.24, p=0.30
No (n=69) p=-0.11, p=0.36 p=-0.12, p=0.38 r=0.14, p=0.25
Polarity
Bipolar (n=19) r=-0.20, p=0.49 r=0.29, p=0.23 r=-0.32, p=0.19
Unipolar (n=72) p=-0.04, p=0.75 r=-0.05, p=0.71 r=-0.08, p=0.50
Responder
Yes (n=56) p <0.01, p=0.99 r=0.06, p=0.66 r=-0.34, p=0.01
No (n=35) r=-0.03, p=0.70 r=-0.10, p=0.57 r=0.30, p=0.08
Remission
Yes (n =47) p=0.04, p=0.79 r=-0.02, p=0.92 r=-0.34, p=0.02
No (n=44) p=-0.09, p=0.56 r=0.03, p=0.84 p=0.23, p=0.13

Table 4.7 Clinical subgroup correlations between SIRT1 mRNA levels and HAMD-24

scores

Abbreviations: HAM-D24, Hamilton Depression Rating Scale, 24-item; ASIRT1, change in
SIRT1 pre/post ECT; AHAM-D24, change in HAM-D24 score pre/post ECT.

4.4.6 The effect of ECS on Sirtuinl mRNA levels in the rat brain and peripheral

whole blood

To determine if an effect of ECS in the brain might translate to the periphery, quantitative

real-time polymerase chain reaction (QRT-PCR) was used to investigate the effect of

acute (single) and chronic (10 sessions) ECS on rat Sirtl mRNA levels in the

hippocampal formation, dentate gyrus, frontal cortex, cerebellum, and peripheral whole

blood. Neither acute nor chronic ECS had an effect on Sirtl mRNA in the dentate gyrus,

frontal cortex, cerebellum and peripheral whole blood. In the hippocampal formation,

both acute and chronic ECS significantly increased Sirtl mRNA levels in the dentate

gyrus. Full data can be found in Table 4.8 and Figure 4.8 below.
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Control  Acute ECS Control Chronic ECS

Hippocampal Formation | n 8 8 8 7
mean 1.00 1.24 1.00 1.25

SD 0.07 0.12 0.06 0.10

SEM 0.02 0.04 0.02 0.04

p value <0.001 <0.0001

Dentate Gyrus n 8 8 8 7
mean 1.00 1.02 1.00 0.92

SD 0.11 0.11 0.16 0.12

SEM 0.04 0.04 0.06 0.04

p value 0.88 0.28

Frontal Cortex n 8 8 8 7
mean 1.00 1.01 1.000 1.07

SD 0.12 0.21 | 0.08337 0.10

SEM 0.04 0.07 0.03 0.04

p value 0.88 0.19

Cerebellum n 8 8 8 7
mean 1.00 1.03 1.00 0.94

SD 0.10 0.08 0.12 0.08

SEM 0.04 0.03 0.04 0.03

p value 0.58 0.26

Peripheral whole blood n 8 8 5 5
mean 1.00 0.91 1.00 0.98

SD 0.31 0.21 0.24 0.44

SEM 0.11 0.08 0.11 0.20

p value 0.28 0.94

Table 4.8 Data for the effect of ECS on Sirtl mRNA levels in rat brain and peripheral

blood

Abbreviations: ECS, electroconvulsive stimulation; SD, standard deviation; SEM, standard

error of the mean.
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Figure 4.8 The effect of ECS on Sirtl mRNA animals in the rat brain and peripheral

whole blood

All data is presented as mean + SD, n = 5-8. *** represents a p < 0.001 as measured by a

student t-test. Abbreviations: ECS, electroconvulsive stimulation; FC, fold change.

147



4.5 Discussion
4.5.1 Results summary

As far as | am aware, this study is the first to examine the effect of a course of ECT on
SIRT1 mRNA levels in a relatively large cohort of well characterised depressed patients.
SIRT1 mRNA levels were found to be lower in depressed patients in comparison to
healthy controls. However, ECT had no effect on these levels. There were no correlations
between SIRT1 levels at baseline and mood ratings, assessed using the HAM-D24, in the
group as a whole. There was a trend for negative correlations between the change in
SIRT1 levels and change in HAM-D24 scores in both ECT responders and remitters. In
addition, | investigated the effect of the presence of psychosis on SIRT1 mRNA levels,
owing to my lab’s previous finding (Kolshus et al., 2017); however, there were no
differences in levels in patients with and without psychosis. The effect of depression
polarity on SIRT1 levels was also assessed, SIRT1 was lower in patients with bipolar
depression pre-ECT in comparison to patients with unipolar depression, but this was not
statistically significant after correcting for covariates. ECS significantly increased Sirtl
MRNA in the hippocampal formation but not in the peripheral blood or any other brain

region.

4.5.2 Sirtuinl mRNA levels are significantly lower in patients with depression

This finding of lower levels of SIRT1 mMRNA in depressed patients in comparison to
healthy controls is in line with previous studies (Abe et al., 2011, Luo and Zhang, 2016,
Wang et al., 2018b). This also corresponds with animal studies showing that inhibition
of SIRT1 leads to a depressive-like phenotype (Abe-Higuchi et al., 2016). However,
AUC curve analysis indicated that SIRT1 mRNA level would not be a good clinical

biomarker when tested on its own. As depression is quite a heterogeneous disorder, it is
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unlikely one biological marker alone would be sufficient to test for depression.
Nonetheless, my finding contributes to the research that indicates dysregulated SIRT1 in
depression. Of the covariates included in our analysis only age was found to have a
significant effect on SIRT mRNA levels. Correlation analysis revealed a significant
negative association between age and SIRT1 mRNA levels, indicating increased age was
associated with lower SIRT1 mRNA levels (r=-0.25, p=0.001). This is in line with
previous literature that reported SIRT genes were downregulated in peripheral blood

mononuclear cells of aging humans (Owczarz et al., 2017).

It is unclear how decreased SIRT1 levels could lead to depression but there is a
lot of evidence linking SIRT1 to other systems that have been shown to be altered in

depression.

In animal studies, inhibition of SIRT1 protein and the Sirtl gene, both
pharmacologically and by the adeno-associated virus (AAV) mediated gene transfer
system, results in a depressive phenotype that is associated with hippocampal atrophy
(Abeetal., 2011). The author’s also reported that chronic stress can reduce SIRT1 protein
levels (Abe-Higuchi et al., 2016). Sensitivity to stress has been clinically linked to
depression, with stress being linked to structural changes in the hippocampus (MacQueen
and Frodl, 2011). A meta-analysis has also shown reduced hippocampal volumes in
depressed patients (Campbell et al., 2004). Animal data showing the role of SIRT1 in
protecting against neuronal atrophy, and clinical data of reduced SIRT1 mRNA in

depression, could therefore implicate this mechanism in depression.

In the periphery, SIRT1 has been shown to be protective in oxidative stress and
has roles in mitochondrial function (Brenmoehl and Hoeflich, 2013, Tang, 2016). In

recent years there have been implications that oxidative stress and mitochondrial
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dysfunction have a role in mood disorders (Bansal and Kuhad, 2016). For example, lower
levels of endogenous anti-oxidants and their enzymes have been found in depressed
patients, with another meta-analysis showing altered oxidative stress markers in
depression, indicating a lower anti-oxidant capacity (Liu et al., 2015). As well as
increased oxidative and nitrosative stress, reduced mitochondrial function (reduced
mitochondrial DNA) has been reported in depressed patients (Chang et al., 2015). This
increased stress can reduce the availability of NAD+, which is necessary for SIRT1
function (Anderson, 2018). SIRT1 has been shown to regulate peroxisome proliferator-
activated receptor gamma (PGC1-a), a master regulator of mitochondrial function, this
could therefore lead to the reduced mitochondrial function seen in depression and could
explain the reduced SIRT1 mRNA levels in patients (Guo et al., 2014). Of note, PGC1-a
MRNA has also been reported to be lower in patients with depression (Ryan et al., 2018Db).
Increased oxidative and nitrosative stress is also associated with decreased telomere
length (Anderson, 2018) and SIRT1 has been shown to be a positive regulator of telomere
length (Palacios et al., 2010). Decreased telomere length has been reported in depressed
patients (Ridout et al., 2015). Therefore, reduced SIRT1 levels could play many roles in

the pathways linked to depression.

4.5.3 The effect of ECT on Sirtuinl mRNA levels

Contrary to what | expected, ECT had no effect on SIRT1 mRNA levels in the peripheral
blood of patients with depression. There was a negative association between a change in
SIRT1 levels and a change in HAM-D24 scores in ECT responders and remitters,
indicating that in patients who respond to ECT and attain remission, as your SIRT1
MRNA levels increase, your HAM-D24 score decrease. This could implicate SIRT1 in

ECT response and may provide a marker for monitoring response to ECT. However, these
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correlations were exploratory and replication of this study in a larger group of
responders/remitters would be required for a more accurate interpretation of these

findings.

There are several possible reasons why SIRT1 mRNA levels did not change with
treatment as expected. The source of SIRT1 mRNA in peripheral whole blood samples
is unknown. To my knowledge, there have been no studies to demonstrate that SIRT1
protein or mMRNA can cross the blood brain barrier (BBB). In the CNS, SIRT1 protein
and SIRT1 mRNA expression has been shown in most areas of the human brain. SIRT1
protein has also been detected in cerebral spinal fluid (CSF) (Jayasena et al., 2016).
However, to my knowledge, no studies have examined SIRT1 levels in the CSF. SIRT1
Is located in the nucleus of most peripheral cells (Michan et al., 2010). Therefore, ECT
may not affect peripheral cells but could be having a response in the CNS that may not

translate to the periphery.

Only one animal study, using mice, to date has examined the effect of ECS on
Sirtl mRNA levels (Chung et al., 2013). The authors reported that a single ECS increased
SIRT1 immunoreactivity in the hippocampus and hypothalamus, with levels peaking at
2-8 hours and returning to normal after 24 hours. However, a limitation of my study is
that end of treatment bloods were taken 1-3 days after the last ECT. Thus, if there is only
a very brief transient increase in SIRT1 mRNA following ECT a response may have been
missed. There may also be a change in SIRT1 protein or activity levels in response to

ECT and future studies are needed to investigate this.
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4.5.4 SIRT1 mRNA levels and psychosis

As mentioned, the main reason for exploring SIRT1 levels in depression was the result of
a deep sequencing study and gene target analysis that showed altered levels of two micro-
RNAs (miRNAS) in patients with psychotic depression (miR-126-3p and miR-106-5p).
These miRNAs were elevated at baseline in psychotic depression and returned to control
levels following ECT (Kolshus et al., 2017). However, as with E2F1 in Chapter 3, no
statistically significant difference in SIRT1 levels between the non-psychotic and
psychotic groups at baseline or after ECT was found. Reduced SIRT1 at baseline is what
might be expected from miRNA regulation. Typically, miRNASs reduce levels of mMRNA
and protein (Orang et al., 2014), and these miRNAs were increased at baseline in our
patients. The miRNA levels returned to control level following ECT but the SIRT1 levels
did not. One possible reason for this is that SIRT1 is also associated with other miRNAs
that have been linked to depression, miR-134 and miR-155 for example (He et al., 2014,
Wang et al., 2018b) (Dwivedi, 2014, Gao et al., 2010); therefore, it may not be specific
to psychotic depression, and may not be directly regulated by miR-126-3p and miR-106-

5p in depression.

4.5.5 Sirtuinl mRNA levels and polarity of depression

Baseline SIRT1 levels were lower in bipolar depressed patients compared to unipolar
depressed patients, but this was no longer significant after adjusting for relevant
covariates. To my knowledge, this is the first report of reduced SIRT mMRNA levels in
bipolar patients. A previous study analysed SIRT1 mRNA in both major depressive
disorder (MDD) and bipolar disorder (BD) patients in comparison to controls and
reported them both to be lower but they did not directly compare the MDD vs BD groups

although based on their reported graphs/results the BD group had slightly lower levels
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than the MDD group (Abe et al., 2011). For my group of patients with bipolar depression
the sample size was small (n = 19). Therefore, the study may not have had the power to
detect statistically significant differences after adjusting for all potential covariates.
Therefore, it would be informative to replicate this study with a larger number of bipolar
depressed patients, as it could potentially represent a peripheral blood difference in

patients with bipolar or unipolar depression.

3.1.1 The effect of ECS on Sirtuinl mRNA levels in the rat brain

As | wanted to investigate if ECS has an effect on Sirtl mRNA levels in different brain
regions, and if changes might also be detectable at a peripheral level, I measured Sirtl
mMRNA levels in the hippocampal formation, dentate gyrus, frontal cortex, cerebellum,
and peripheral whole blood of naive rats treated with acute (single) or chronic (10
sessions) ECS. ECS (both chronic and acute) significantly increased Sirtl mRNA levels
in the hippocampal formation in comparison to rats who received sham ECS, but no other
changes were detected including in peripheral whole blood. This finding may support my
theory that ECT may act specifically on Sirtl in the brain and may not have a peripheral

impact.

| found that the effect of ECS on Sirtl mRNA was specific to the hippocampal
formation. As far as | am aware, only one study to date has examined the effect of ECS
on SIRT1 protein expression in rodents (Chung et al., 2013). This study reported
increased Sirtl immunoreactivity in the mouse hippocampal CA1, CA2, CA3 and dentate
gyrus at 2 hour and 8 hour post ECS (acute). Increased immunoreactivity in the
hypothalamus was also reported. Based on the results of this study (Chung et al., 2013),

I would have expected the increase | detected in the hippocampal formation. However, |
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also would have expected a change in Sirtl mRNA levels in the dentate gyrus. One
potential explanation for this is that Chung et al. (2013) reported a change in protein
where as | analysed mRNA and mRNA changes may not reflect protein changes.
Differences may also occur in the mouse and rat response to ECS. No differences were
detected in any other brain region. As far as | am aware, no other study has looked at the
effect of any treatment on SIRT1 protein or mRNA in these regions. Therefore, there are
no results to compare my finding to and it is possible that changes in SIRT1 are very
specific to the hippocampus, and as reported by Chung et al., (2013) the hypothalamus.
Overall, these results indicate a role for SIRT1 within the hippocampus in the molecular

response of ECS.

4.5.6 Study limitations and future studies

The main limitation of this study is that the EFFECT-Dep study was not originally
designed for molecular analysis. Therefore, recruitment did not take into consideration
the power needed to statistically detect changes in gene levels between patients and
controls. However, the numbers for the whole group (patient and control) are relatively
large, and are bigger than previous studies that detected statistically significant
differences in SIRT1 mRNA levels (Abe et al., 2011, Luo and Zhang, 2016). However,
our subgroups have low numbers, particularly the bipolar group (n = 19), and are likely

not powered to detect differences, especially when controlling for covariates.

Another limitation of this study is that the patients are already on stable doses of
pharmacological treatment prior to starting ECT and this could be affecting SIRT1 levels.
However, previous studies have showed that unmedicated patients had lower SIRT1

MRNA levels compared to non-depressed controls (Luo and Zhang, 2016, Wang et al.,
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2018b). Therefore, lower SIRT1 levels in patients may more likely be a feature of
depression and not a result of antidepressant treatment. One of these studies also reported
that SIRT1 mRNA levels increased with citalopram treatment (Wang et al., 2018b).
Therefore, other pharmacological treatments could still influence SIRT1 expression and
affect response to ECT. It would therefore be instructive to examine the effect of ECT or

other treatments on SIRT1 levels in patients who are antidepressant drug naive.

4.6 Conclusion

In conclusion, I found that peripheral SIRT1 mRNA levels were significantly lower in
depressed patients in comparison to healthy controls, and ECT did not affect SIRT1
MRNA levels. There was a trend for a correlation between a change in SIRT1 levels and
a change in HAM-D24 scores in patients who responded to ECT, and in those who
attained remission. Future studies are required to investigate changes in SIRT1 protein or
activity in depression as these changes might be less transient than mRNA and might tell
us more about the role of SIRT1 in ECT response. There was also a trend towards lower
levels of SIRT1 in bipolar depressed patients in comparison to unipolar depression that
merits further investigation. In the rat brain ECS significantly increased Sirtl mRNA in
the hippocampal formation, indicating a role for SIRT1 in the mechanism of ECS in the
brain. Overall, clinically in patients, the results of this study indicate that reduced

peripheral blood SIRT1 mRNA could be a trait marker of depression.
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Chapter 5.
Characterisation of PEDF in
primary cells from rat brain and
the effects of antidepressants on
PEDF
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5.1 Introduction

Pigment Epithelium-Derived Factor (PEDF) is a 50 kDA glycoprotein of the serine
protease inhibitor family that is widely expressed in both the CNS and periphery
(Tombran-Tink and Barnstable, 2003). It was first discovered in the medium of human
retinal pigment epithelium (RPE) cell cultures (Tombrantink et al., 1991), with
subsequent studies reporting its neuroprotective effects and regulation of other
neuroprotective factors such as brain-derived neurotrophic factor (BDNF) (DeCoster et

al., 1999, Zheng et al., 2010, Yabe et al., 2001).

PEDF has been recently implicated in depression by a previous proteomics study
from my lab (Ryan et al., 2017). Before this, two other studies had linked PEDF to
depression. The first, a proteomic study of cerebrospinal fluid (CSF) from depressed
patients and controls identified altered PEDF, with results from two dimensional
polyacrylamide gel electrophoresis showing reduced PEDF protein in patients, and
results from mass spectrometry showing increased PEDF protein in patients with
depression (Ditzen et al., 2012). The second study reported that chronic fluoxetine
treatment increased Serpinfl (PEDF) mRNA in the hippocampus of male mice (Miller
et al., 2007). In the study reported by my lab patients had higher plasma levels of PEDF
protein, which was further increased by ECT (Ryan et al., 2017). They also found that
electroconvulsive stimulation (ECS) increased Serpinfl mRNA in the rat hippocampus.

Investigating the effects of antidepressants on PEDF would therefore be of interest.

The impact of stress on synaptic plasticity in the brain has been studied as a model
of depression for the past number of years, with the majority of evidence reported from
animal models. Two rodent models in particular, chronic unpredictable stress and chronic
restraint stress, have been reported to impair plasticity and long term potentiation (Joels

etal., 2004, Alfarez et al., 2003, Pavlides et al., 2002). Although particularly well studied
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in the rodent hippocampus, with long term potentiation (LTP) data focusing on the CAL,
CA2 and CA3 subfield regions of the hippocampus, synaptic impairments are also
reported in the pre-frontal cortex (PFC), thalamus and the amygdala with stress (Quan et
al., 2011, Fogaca and Duman, 2019, Danielewicz et al., 2017). Additionally, stress
induced alterations include changes in proteins and receptors, such as lowered gamma-
aminobutyric acid (GABA), a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid
(AMPA) and N-Methyl-D-aspartic acid (NMDA) receptor subunit expression (Marsden,

2013, Fogaca and Duman, 2019).

In rodents antidepressant administration can reverse these impairments in
plasticity and attenuate depressive-like behaviour (Levy et al., 2018). For example,
imipramine, a tricyclic antidepressant (TCA), ameliorates the negative effect of maternal
separation on LTP in rats (Danielewicz et al., 2017); furthermore, imipramine attenuates
the deficits in LTP cause by chronic corticosterone injections in rats (Bobula et al., 2011).
The selective serotonin reuptake inhibitor (SSRI) fluoxetine inhibits dendritic atrophy in
the chronic mild stress model of depression in rats (Luo and Tan, 2001). Additionally,
fluoxetine promotes neurogenesis to restore hippocampal regulation of the HPA-axis
(Surget et al., 2011). Novel compounds used for antidepressant therapy, such as the rapid
acting antidepressant ketamine, also enhance neurogenesis and synaptogenesis though
modulation of growth factors and possibly the reduction of pro-inflammatory cytokines

(Deyama et al., 2018, Deyama et al., 2019, Clarke et al., 2017).

Therefore, when investigating a protein/signalling pathway in relation to an
antidepressant response, neuronal plasticity in primary cultures is often used as a
measurement of the protein’s role in antidepressant efficacy and their neuroprotective
effects (Deyama et al., 2018, Deyama et al., 2019, O'Neill et al., 2016). Astrocytes also

expresses transporters for both noradrenaline (NA) and serotonin (5-HT), as well as NA
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and 5-HT receptors (Inazu et al., 2003, Hirst et al., 1998, Marathe et al., 2018). Astrocytes
provide trophic support to neurons through the release of several growth factors (Marathe
et al., 2018). Antidepressants can therefore have direct effects on astrocyte function,
possibly by increasing the levels of growth factors secreted by astrocytes (Marathe et al.,
2018, Martin et al., 2013). For example: imipramine increased Bdnf mRNA in cultured
rat astrocytes (Takano et al., 2012); fluoxetine increases Bdnf and Vegf mMRNA expression
in astrocytes (Allaman et al., 2011); and NA increases the secretion of BDNF and other
growth factors from astrocytes (Day et al., 2014, Takano et al., 2012). Furthermore, the
conditioned media (CM) from NA-treated astrocytes increased the complexity of primary
immature rat cortical neurons (Day et al., 2014). Therefore, the effects of antidepressants

on astrocyte function may lead to synaptic plasticity changes in neurons.

5.2 Aims and objectives

There is little known about the role of PEDF in the brain but, given its role in the
protection of neurons (DeCoster et al., 1999), it is possible that PEDF is secreted by
astrocytes to provide further trophic support to neurons. Therefore, the aim of this study
was to characterise the mRNA expression of PEDF (Serpinfl) and the PEDF receptor
(Pnpla2) in primary rat cortical neurons, microglia and astrocytes. Next, | aimed to
determine the effects of antidepressant treatment on Serpinfl mRNA expression in the
cell type that primarily expresses SERPINF1. Finally, I wanted to analyse the effect of

antidepressants on PEDF protein secretion.

I hypothesised that Serpinfl would be expressed in astrocytes as with other
neurotrophic factors (Marathe et al., 2018). In vitro, incubation with recombinant PEDF

results in physiological effects in neurons, astrocytes and microglia (Yabe et al., 2005,
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Sanagi et al., 2005, Yabe et al., 2001), indicating the PEDF-R might be expressed by all
three cell types. Receptors for other neurotrophic factors are also expressed on neurons,
astrocytes and microglia (Guptaetal., 2013, Honda et al., 1999, Rudge et al., 1994, Sarabi

et al., 2003). Therefore, | hypothesised all three cell types would express Pnpla2.

Based on the results of the proteomic study from my lab and the data reporting
increased SERPINF1 mRNA in response to fluoxetine treatment (Ryan et al., 2017,
Miller et al., 2007), | hypothesised that antidepressant treatment to would increase

Serpinfl mRNA expression and PEDF secretion from astrocytes.

5.3 Methods
5.3.1 Primary cell culture

Primary cultures for enriched astrocytes, enriched microglia and primary cortical neurons
were prepared following protocols published in studies by colleagues in Trinity College
Institute of Neuroscience (Day et al., 2014, McNamee et al., 2010) and are described in

detail in Chapter 2, section 2.2.3.4.

In brief, primary glial cultures were prepared from 2-3 day-old male Wistar rats.
Cortical tissue was isolated in Dulbecco’s Modified Eagle Medium (F12) supplemented
with 10% fetal bovine serum, 1% penicillin/streptomycin for 20 minutes at 37°C
(cDMEM). The tissue was then triturated and filtered. This cell suspension was
centrifuged and the pellet was re-suspended in cDMEM. Cells from one neonate were
seeded in T75 flasks. Following 10-14 days in vitro (DIV), astrocytes or microglia were

separated and seeded in 24 well plates at 1 x 10° or 5 x 10* cell/ml respectively.

Primary neuronal cultures were prepared from 0-1 day old male Wistar rats.

Cortical tissue was dissociated and incubated in trypsin-EDTA for 2 min at 37°C.
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cDMEM was added and tissue was triturated, followed by centrifugation. The pellet re-
suspended in cDMEM filtered and centrifuged. The supernatant was discarded and the
pellet re-suspended in neurobasal media complete with 1% Glutamax, 1%
penicillin/streptomyocin and 1% B-27. Neurons were seeded at 1 x 10° cells/ml on poly-
D-lysine-coated coverslips in 24-well plates for RNA analysis. Cells were cultured in a
humidified atmosphere containing 5% CO2 at 37°C. This protocol has been reported to

yield 95% pure astrocytes and microglia, with 97% pure neurons (McNamee et al., 2010).

5.3.2 Cell treatments

Stock drugs were dissolved to their desired concentrations using DMEM:F12, and control
wells received DMEM:F12 alone. For the effects of the different drugs on Serpinfl
MRNA five independent experiments were carried out (n = 5). For protein analysis,
samples from 6-7 independent experiments were carried out due to variability with the
assay (n =6-7). The dose of noradrenaline was chosen based on previous work by another
lab in TCIN (Day et al., 2014). Imipramine doses were based on previous published work
(Hwang et al., 2008, Obuchowicz et al., 2014), and the fluoxetine doses were chosen
based on previous culture studies, as well as data from a human study that reported the
concentrations of fluoxetine that reach the brain after treatment (Vasu et al., 2016, Miner
et al., 1995). To my knowledge there were no comparison studies on a time point for
PEDF analysis. | therefore conducted a time course based on treatment times for other
neurotrophic factors factors (Allaman et al., 2011, Kajitani et al., 2012). All cells were

treated when confluent and healthy in the 24 well plates (2-3 days after plating).
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5.3.3 Viability assays

Viability assays were performed to determine non-toxic doses of each treatment. The
alamarBlue assay, the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay and the Pierce™ Lactate Dehydrogenase (LDH) cytotoxicity assay were
performed as described in section 2.2.3.6. data were then presented as a percentage of

live cells in comparison to the control treatment group.

5.3.4 Gene expression analysis

After treatment with the different drugs for various time points, RNA was collected and
gene expression analysis was carried out as described in Chapter 2. RNA isolation is
described in section 2.2.3.7, cDNA synthesis and quantitative real-time polymerase chain
reaction (QRT-PCR) are described in section 2.2.1.5 and 2.2.1.6. A full list of primers
used is given in Table 2.5. For all experiments RNA was equalised to 20ng/pl where
possible; if not, RNA was equalised to the same concentration as the sample with lowest
RNA content. All data in gene expression graphs are expressed as a fold change (FC)

relative to the control group.

5.3.5 Enzyme-linked immunosorbent assay

For secreted protein analysis in cell supernatants, cDMEM was removed from wells, cells
were washed in PBS, and then fresh medium without fetal bovine serum was added to
the wells to prevent background signal in the ELISA. Cells were then treated and
supernatant collected. The ELISA was carried out as described in chapter 2, section
2.2.3.11. For imipramine, treatment time was based on the gene analysis experiments.

For noradrenaline treatment, a time course was conducted based on a previous study on
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the effect of noradrenaline on PEDF secretion from retinal pigment epithelium cells
(Lashbrook and Steinle, 2005), my own gene expression results and also previous work

on noradrenaline and growth factors (Day et al., 2014).

5.3.6 Statistical analysis

All cell culture experiments were analysed using GraphPad Prism version 5 (GraphPad
Prism, California, USA). Graphs were also created using GraphPad. A Kolmogorov—
Smirnov normality test was performed on data. For experiments with less than 5
independent samples non-parametric statistics were used as a normality test was not
possible. For parametric analyses, student t-tests or one-way analysis of variance
(ANOVA) was used where appropriate. When significance was detected with the
ANOVA, a Dunnet’s post-hoc test was performed. For non-parametric data a Mann-
Whitney U test or a Kruskal-Wallis ANOVA was used; when significance was detected
with the ANOVA a Dunn’s post-hoc test was performed. A p value of less than 0.05 was
deemed statistically significant. All data are expressed as mean * standard deviation

(SD).

5.4 Results

5.4.1 Confirmation of primary neuron, microglia and astrocyte purity

The purity of neurons, microglia and astrocytes was assessed using qRT-PCR. Gene
expression analysis was carried out for cell specific markers in all cell types. Beta-I1lI
tubulin (Tubb3) for neurons, glial fibrillary acidic protein (Gfap) for astrocytes and
cluster of differentiation molecule 11b (CD11B, Itgam) for microglia (Katsetos et al.,

1998, Cahoy et al., 2008, Martin et al., 2017), see Figure 5.1. Tubb3 mRNA was highly
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expressed in neurons (RQ: 0.74 + 0.12), with very low expression detectable in microglia
(RQ: 0.0003991 £ <0.001) and astrocytes (RQ: 0.004439 + <0.001). Astrocytes had high
expression of Gfap mRNA (RQ: 1.062 + 0.26), with low expression levels in neurons
(0.2339 £ 0.07) and microglia (RQ: 0.003610 + 0.002). Lastly, the highest expression of
Itgam was found in microglia (0.9546 = 0.04) with low expression in both neurons
(0.01173 + 0.007) and astrocytes (0.02125 £ 0.003). This shows that the cell isolation

protocol worked as previously described and these cultures were reasonably enriched.
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Figure 5.1 Confirmation of primary cell purity

Gene expression analysis with gRT-PCR of (A) beta-tubulin 111 (TUBB3) with neurons as the
control group, (B) Gfap with astrocytes as the control group and (C) CD11B (Itgam) with
microglia as the control group. All data are expressed as mean + SD, n = 3. Abbreviations:
FC; fold change relative to the average of the control group.

5.4.2 Characterisation of PEDF (Serpinfl) and PEDF-R (Pnpla2) mRNA
expression in the different primary cell types

As far as | am aware, there are no reports to date of the cell source of PEDF or its receptor
in the brain. gRT-PCR was carried out to determine the expression Serpinfl and Pnpla2
MRNA in rat cortical primary neurons, microglia and astrocytes (Figure 5.2). Astrocytes

had the highest expression of Serpinfl mRNA (RQ: 11.12 + 3.7), followed by neurons
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(0.9508 £ 0.11) with very low expression in microglia (RQ: 0.02398 + 0.02). Both
astrocytes and microglia had high expression of (Pnpla2) mRNA (RQ: 1.703 £ 0.31 and
1.568 + 0.16 respectively), with a relatively high expression in neurons also detected

(RQ: 0.8865 + 0.11).
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Figure 5.2 Characterisation of PEDF and PEDF-R expression in the different primary
cell types.

(A) Serpinfl and (B) Pnpla2 gene expression was measured by gRT-PCR in primary neurons,
microglia and astrocytes. All data is expressed as mean + SD, n = 3. Abbreviations: FC; fold
change, with neurons used as the control group.

5.4.3 The effect of treatment on astrocyte cell viability

To ensure my treatments were not causing a reduction in cell viability or cell death three

viability assays were used.

5.4.3.1 The effect of fluoxetine on astrocyte cell viability

An AlamarBlue assay confirmed that 24 hours of 45uM fluoxetine treatment significantly
reduced astrocyte cell viability (with 85 + 5.0% cell viability detected in comparison to
control; Figure 5.3A), with no significant effect of 5uM and 15uM Fluoxetine treatment
(91 + 3.6% and 89 +£2.1% cell viability in comparison to control respectively). A similar
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result was found with the MTT assay: 93.7 £ 9.3% viability was detected with 5uM
Fluoxetine and 86.7 £ 3.8% with 15uM Fluoxetine treatment (Figure 5.3B). 45uM
fluoxetine treatment significantly decreased cell viability to 54.0 = 5.3% in comparison
to control treatment. However, the LDH assay, which is a direct measurement of cell
death, reported no decrease in viability with any treatment dose of fluoxetine (5um: 91.1

+14.0%, 15um: 91.5 + 5.3%, 45pum: 78.0 + 7.5%. Figure 5.3C).
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Figure 5.3 The effect of fluoxetine treatment on astrocyte cell viability
Astrocyte cell viability was measured after treatment with three doses of fluoxetine for 24
hours using (A) AlamarBlue assay, (B) MTT assay and (C) the LDH assay. All data are

represented as mean £ SD, n = 3. * p < 0.05, ** p < 0.01 vs. control group, as analysed by a
Kruskal-Wallis test and Dunn’s post-hoc test.

5.4.3.2 The effect of imipramine on astrocyte cell viability

An alamarBlue, MTT and LDH assay confirmed that 24 hours of 100uM imipramine
treatment significantly reduced cell viability, with no significant changes at any other
time point, (Figure 5.4). AlamarBlue data showed that: 10uM imipramine reduced
viability to 82.0 £ 4.0%; 30uM imipramine reduced viability to 81.3 £ 4.9%; and 100uM
imipramine significantly decreased viability to 73.3 £ 4.9% in comparison to control

treatment. MTT data showed that: 10uM imipramine reduced viability to 65.5 £+ 4.5%;
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30uM imipramine reduced viability to 66.0 + 4.6%; and 100uM imipramine significantly
decreased viability to 45.7 + 3.2% in comparison to control treatment. The LDH assay
showed a similar result with: 10uM imipramine decreasing viability to 91.7 + 14.8%;
30uM imipramine decreasing viability to 90.9 + 5.1%; and 100puM imipramine

significantly decreased viability to 25.8 + 2.0% in comparison to control treatment.
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Figure 5.4 The effect of imipramine treatment on astrocyte cell viability.
Astrocyte cell viability was measured after treatment with three doses of imipramine for 24
hours using (A) alamarBlue assay, (B) MTT assay and (C) the LDH assay. All data are

represented as mean = SD, n = 3. * p < 0.05, ** p < 0.01 vs. control group, as analysed by a
Kruskal-Wallis test and Dunn’s post-hoc test.

5.4.3.3 The effect of noradrenaline on astrocyte cell viability

An alamarBlue assay confirmed no dose of noradrenaline significantly reduced astrocyte
cell viability after 24 hours of treatment and a similar result was found with an MTT
assay (Figure 5.5). AlamarBlue data showed that: 1uM noradrenaline increased viability
to 105.9 £ 9.9%; 10uM noradrenaline reduced viability to 92.9 £ 9.0%; and 100uM
noradrenaline reduced viability to 89.1 £ 5.7% in comparison to control treatment.
Similarly, MTT data showed that: 1uM noradrenaline increased viability to 107.7 *

8.3%; 10uM noradrenaline reduced viability to 84.9 £ 4.7%; and 100uM noradrenaline
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significantly decreased viability to 78.2 = 11.2% in comparison to control treatment. The
LDH assay showed: an increase in viability with 1M noradrenaline to 102.1 + 26.7%;

10uM slightly decreased viability to 82.3+ 15.4%; and 1001M decreased viability to 93.9

+11.9%.
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Figure 5.5 The effect of noradrenaline on astrocyte viability
Astrocyte cell viability was measured after treatment with three doses of imipramine for 24

hours using (A) alamarBlue assay, (B) MTT assay and (C) the LDH assay. All data are
represented as mean + SD, n = 3.

5.4.4 Fluoxetine treatment has no effect on PEDF (Serpinfl) mRNA levels in
astrocytes

Cortical primary rat astrocytes were cultured in 24 well plates until ready to treat. Cells
were then treated with DMEM:F12 (control), 5uM fluoxetine or 15uM fluoxetine for 30
minutes, 3 hours, 6 hours, 12 hours or 24 hours and RNA was collected for mRNA
analysis. Fluoxetine had no statistically significant effect on Serpinfl mRNA at any dose
or time point. A summary of the raw data is given in Table 5.1, with data given as a fold

change of the average control from the 30 minute treatment group, n = 5. Data are also

shown in Figure 5.6.
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Control 5uM 15uM n p value
fluoxetine fluoxetine
30 minutes | 1.00+0.1 | 1.03+0.2 1.04+0.2 5 F(2)=0.22,p=0.81
1 hour 1.09+0.2 | 1.06+0.1 1.00+£0.1 5 H(2) =0.78,p=0.68
3 hour 1.02+0.1| 1.03+£0.1 0.98+0.1 5 F(2)=0.21,p=0.81
6 hour 113+0.2 | 1.09+0.1 | 1.04+0.09 5 | F(2)=0.73,p=0.50
12 hour 1.06+0.1 | 1.03+0.1 1.03+0.1 5 F(2) =0.01, p=0.90
24 hour 0.99+0.2 | 1.03+0.1 0.92+0.1 5 F(2)=1.31,p=0.31

Table 5.1 Raw data of the effect of fluoxetine treatment on PEDF (Serpinfl) mRNA

levels in astrocytes

Data presented as mean fold change + standard deviation. Abbreviations: F; F ration for one-

way analysis of variance, H; Kruskal-Wallis H test.
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Figure 5.6 The effect of fluoxetine treatment on PEDF (Serpinfl) mRNA levels in

astrocytes

Astrocytes were treated with 5 uM and 15 uM Fluoxetine for (A) 30 minutes, (B) 1 hour, (C)

3 hours, (D) 6 hours, (E) 12 hours, and (F) 24 hours. All data are expressed as mean fold

change + standard deviation, n = 5.
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5.4.5 24 hour imipramine treatment decreases PEDF (Serpinfl) mRNA levels in
astrocytes

Cortical primary rat astrocytes were cultured in 24 well plates until ready to treat. Cells
were then treated with DMEM:F12 (control), 10uM imipramine or 30pM imipramine for
30 minutes, 3 hours, 6 hours, 12 hours or 24 hours and RNA was collected for mRNA
analysis. Imipramine had no statistically significant effect on Serpinfl mRNA at any dose
at any time point from 30 minutes to 12 hours. A statistically significant decrease in
Serpinfl mRNA was found with both doses of imipramine at 24 hours (F(2) =47.43, p <
0.001). A summary of the raw data is given in Table 5.2, with data given as a fold change

of the average control from the 30 minute treatment group, n = 4-5. Data are also shown

in Figure 5.7.
control 10uM 30uM n p value
imipramine | imipramine

30 minutes | 1.00+0.1 | 1.06 £0.04 0.99+0.03 5 F(2)=2.11,p=0.16
1 hour 0.98+0.04 | 1.02+01 0.99+0.1 5 F(2)=0.21,p=0.82
3 hour 1.00+0.1 | 1.08+0.05 | 1.03+0.1 | 4-5| H(2)=3.88 p=0.14
6 hour 090+0.1 | 0.90+0.2 0.86 £ 0.05 5 H(2) =3.42,p=0.18
12hour | 0.80+0.03 | 0.79+0.05 | 0.78+0.04 | 5 H(2) = 2.42, p = 0.30
24 hour 0.87+0.02 | 0.70+01 0.62+0.04 5 F(2) =47.43, p < 0.001

Table 5.2 Raw data of the effect of imipramine treatment on PEDF (Serpinfl) mRNA

expression in astrocytes

Data presented as mean fold change + standard deviation. Abbreviations: F; F ratio for one-
way analysis of variance, H; Kruskal-Wallis H test.
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Figure 5.7 The effect of imipramine treatment on PEDF (Serpinfl) mRNA expression
in astrocytes

Astrocytes were treated with 10 uM and 30 uM imipramine for (A) 30 minutes, (B) 1 hour
(C) 3 hour, (D) 6 hour, (E) 12 hour, and (F) 24 hour. All data are expressed as mean fold
change + standard deviation, n = 4-5. *** p < 0.001, as analysed by a one way ANOVA and
Dunnet’s post-hoc test analysis.

5.4.6 3 hour and 12 hour noradrenaline treatment alters PEDF (Serpinfl) mRNA
levels in astrocytes

Cortical primary rat astrocytes were cultured in 24 well plates until ready to treat. Cells
were then treated with DMEM:F12 (control) or 10uM noradrenaline for 30 minutes, 3
hours, 6 hours, 12 hours or 24 hours and RNA was collected for mRNA analysis.
Noradrenaline significantly decreased Serpinfl mRNA after 3 hours of treatment (t(8) =
4.67, p = 0.002) and significantly increased Serpinfl mRNA after 12 hours of treatment
(t(8) = 3.28, p = 0.01). No other significant changes were found. A summary of the raw
data is given in Table 5.3, with data given as a fold change of the average control from

the 30 minute treatment group, n = 5. Data are also shown in Figure 5.8.
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control 10uM n p value
noradrenaline
30 minutes | 1.00+0.1 1.06 £ 0.04 5 t(8) =1.96, p=0.09
1 hour 1.01£0.03 1.01£0.03 5 t(8)=0.24,p=0.81
3hour | 1.01+0.04 | 0.87+0.05 5 | t(8)=4.67, p=0.002
6 hour 092+0.1 0.93 £ 0.04 5 t(8) = 0.48,p=0.64
12 hour | 0.82+0.03 | 0.90+0.05 5 t(8) =3.28,p=0.01
24 hour | 0.88+0.02 0.94+0.1 5 t(8) = 1.75,p=0.12

Table 5.3 Raw data of the effect of noradrenaline treatment on PEDF (Serpinfl)
MRNA expression in astrocytes
Data presented as mean fold change * standard deviation. Abbreviations: t; t test statistic of

the student t test.
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Figure 5.8 The effect of noradrenaline treatment on PEDF (Serpinfl) mRNA
expression in astrocytes
Astrocytes were treated with 10 pM noradrenaline for (A) 30 minutes, (B) 1 hour (cC) 3
hours, (D) 6 hours, (E) 12 hours, and (F) 24 hours. All data are expressed as mean fold change
+ standard deviation, n = 5. * p < 0.05, ** p < 0.01, as analysed by a student t test.




5.4.7 Imipramine treatment does not affect PEDF protein secretion from
astrocytes

Cortical primary rat astrocytes were cultured in 24 well plates until ready to treat. Cells
were then treated with DMEM:F12 (control) or 30puM imipramine for 24 hours and the
supernatant was collected and analysed for PEDF protein secretion by ELISA. There was
no difference between control (6.71 £ 6.3 ng/ml) or imipramine (6.93 £ 7.4 ng/ml) treated
samples (U = 22.0, p = 0.80, n = 7; Figure 5.9). The intra-assay coefficient of variance

(CV) for this ELISA was 7.6%.
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Figure 5.9 The effect of imipramine treatment on PEDF secretion from astrocytes
24 hour treatment with 30uM imipramine had no effect on PEDF protein secretion from

astrocytes as analysed by a Mann-Whitney U test. All data expressed as mean + standard
deviation,n=7.
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5.4.8 Noradrenaline treatment has no effect on PEDF protein secretion from
astrocytes

Cortical primary rat astrocytes were cultured in 24 well plates until ready to treat. Cells
were then treated with DMEM:F12 (control) or 10uM imipramine for 5 minutes, 3 hours
and 24 hours. The supernatant was then collected and analysed for PEDF protein
secretion by ELISA. There was no difference between control (3.69 + 2.5 ng/ml) or
noradrenaline (5 minutes; 5.11 = 3.1 ng/ml, 3 hours; 4.86 + 4.9, 24 hours; 1.26 £ 0.5)
treated samples, [H(3) = 7.3, p = 0.06, Figure 5.10]. The intra-assay CV for this ELISA

was 2.9%.
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Figure 5.10 The effect of noradrenaline treatment on PEDF secretion from astrocytes
5 minute, 3 hours or 24 hours treatment with 10uM noradrenaline had no effect on PEDF
protein secretion from astrocytes as analysed by a Kruskal-Wallis test. All data are expressed
as mean + standard deviation, n = 6.
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5.5 Discussion
5.5.1 Results summary

My results demonstrate that Serpinfl (PEDF) mRNA is highly expressed in rat primary
enriched astrocyte cultures, with low expression in both microglia and neuronal cultures.
The PEDF-R receptor (PNPLA2) was expressed in all cell types at an mRNA level.
Fluoxetine treatment had no significant effects on Serpinfl mRNA at any time point.
Imipramine treatment significantly decreased Serpinfl mRNA at 24 hours. Noradrenaline
significantly decreased Serpinfl mRNA after 3 hours of treatment treatment and
increased Serpinfl mRNA after 12 hours of treatment. However, neither imipramine nor

noradrenaline affected the secretion of PEDF protein from astrocytes.

5.5.2 Serpinfl (PEDF) is mostly expressed in primary rat astrocytes

gRT-PCR was used to validate the primary cell isolation and separation protocols and to
characterise the mRNA expression of PEDF and its receptor PEDFR in all three cell
types. Results showed that Tubb3 was mostly expressed by neurons, Cd11b by microglia
and Gfap by astrocytes, with very little expression in the other two cells types (close to
0). The protocol followed for this study had previously been reported to yield 95% pure
astrocytes and microglia, with 97% pure neurons (McNamee et al., 2010). Given that
PCR can detect very small quantities of nucleic acid sequences (Sanders et al., 2014), a
slight amount of cell specific marker gene contamination would be expected in cell

cultures that are not 100% pure.

Serpinfl mMRNA was mainly detectable in astrocytes with low expression in both
neurons and microglia. This result was as hypothesised as growth factors are highly

expressed in astrocytes (Marathe et al., 2018). To my knowledge, this is the first study
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that has determined the main source of Serpinfl (PEDF) mRNA in the brain. As
hypothesised, Pnpla2 expression was detectable at high levels in all cell types. This was
as expected as incubation with recombinant PEDF has been reported to alter cell
signalling and function of microglia, astrocytes and neurons (Sanagi et al., 2005, Yabe et
al., 2005, Eichler et al., 2017). Based on these results, primary rat astrocytes were treated

with antidepressants to study their effect on Serpinfl expression.

5.5.3 Fluoxetine does not affect Serpinfl mRNA expression in cultured rat
astrocytes

As no previous in vitro data had been reported on the effect on fluoxetine on Serpinfl
mMRNA (to my knowledge), a time course was conducted. Fluoxetine had no significant
effect on Serpinf'1 mRNA at any time point. The only previous report on fluoxetine and
PEDF was an in vivo report where chronic fluoxetine treatment (21 days) increased
Serpinfl mRNA expression in the mouse hippocampus, as measured by microarray

(Miller et al., 2007). This result was not as hypothesised.

There are several reasons why fluoxetine may not have affected Serpinfl mRNA
in vitro. My cells were only treated acutely and not chronically. It is possible that
sustained treatment with fluoxetine is needed to induce changes in Serpinfl mRNA. |
also used cortical rat cultures for my work whereas the previous report on fluoxetine and
PEDF was in mouse hippocampi (Miller et al., 2007). Changes in PEDF expression may
be specific to the hippocampus or may differ between species. Finally, the previous report
was also in the whole hippocampus and not specific to a certain cell type (Miller et al.,
2007); it is therefore possible that fluoxetine may be influencing protein secretion from

neurons or microglia that may be responsible for an upregulation of PEDF.
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5.5.4 Imipramine and noradrenaline have a significant effect on Serpinfl mRNA
expression in astrocytes

gRT-PCR gene expression analysis showed that 24 hour treatment with both 10puM and
30puM imipramine significantly downregulated Serpinfl mRNA expression in primary
rat astrocytes. As far as | am aware, there are no previous data that describe an effect of
imipramine on PEDF. However, | hypothesised imipramine would have a similar effect
on Serpinfl mRNA as it does on other neurotrophic factors, as imipramine increases their
expression (Takano et al., 2012). Similarly, 10uM noradrenaline downregulated Serpinfl
MRNA expression after 3 hours of treatment, but also increased it after 12 hours of
treatment. It is unclear why imipramine would downregulate Serpinfl mRNA expression
as literature supports a role for imipramine and other antidepressants in promoting
neurogenesis and the production of growth factors (Alves et al., 2017, Levy et al., 2018).
Similarly, noradrenaline has been reported to promote growth factor mRNA and protein

expression, as well as synaptic plasticity in cortical rat astrocytes (Day et al., 2014).

Research on the role of PEDF in the cortex is limited, with a few studies reporting
the increase of its gene expression by hypoxia (Julian et al., 2015). The PEDF gene has
binding sites for both retinoic acid and oestrogen but there are few reports of it regulation
(He et al., 2015). Hence, it is unclear what mechanism of noradrenaline or imipramine
could downregulate PEDF. Additionally, noradrenaline significantly increased Serpinfl
MRNA at 12 hours of treatment. It is possible that PEDF gene expression could be
regulated by a feedback loop when stimulated, but further experiments would be required
to fully understand the mechanism of this. MRNA expression is also not a clear indicator
of what is happening at a protein level, as protein is constantly being produced and
degraded (Wang, 2008). Therefore, analysing protein secretion in response to treatment

would give a better indication the role of antidepressants on PEDF expression.
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5.5.5 Imipramine and noradrenaline have no effects on PEDF protein secretion
from astrocytes

Protein analysis of secreted PEDF in conditioned medium showed no significant effect
of either imipramine or noradrenaline treatment. Based on the gene expression results in
section 5.5.4 and the previous report on an increase in PEDF secretion with noradrenaline
treatment (Lashbrook and Steinle, 2005), | would have expected a change in protein
secretion. It is unclear why there is not. One previous study reported hypoxia increasing
PEDF at a gene expression level, but with no change in protein (Julian et al., 2015). This
could indicate different molecular profiles for PEDF gene and protein expression in
response to antidepressants. As far as | am aware, previous reports on the effect of
treatment on PEDF in the brain only analysed gene expression (Ryan et al., 2017, Miller
et al., 2007). Furthermore, although the intra plate CVs were low, there was a lot of
variability between samples, with some biological replicates decreasing secretion with
treatment and others increasing. One possible reason for this could be the presence of
astrocyte subtypes. At least two subsets of astrocytes have been confirmed in rodents;
protoplasmic astrocytes, which are found in grey matter and whose functions have been
well characterised, and fibrous astrocytes whose functions are not well known (Tabata,
2015, Verkhratsky and Nedergaard, 2018). Therefore primary astrocytes cultures show
cellular heterogeneity (Schildge et al., 2013), and it is possible that different subtypes
show different PEDF responses after antidepressant treatment. Looking at a more specific

subset may give less heterogeneous data.
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5.5.6 Limitations and future directions

The main limitation of this work is that the different cell types are being studies in
isolation and not as a whole, which would mimic conditions in the intact central nervous
system (CNS). Neurons and glia do not function independently in the brain; signals from
the other cell types could therefore influence how a cell responds to treatment (Perea et
al., 2014). In vivo studies or co-cultures of both glia and neurons could be a way to
improve this study in the future (Carter and Shieh, 2015). This study was designed to
determine if antidepressants had an effect on PEDF as my group had previously reported
that protein levels were increased in medicated patients and increased further following
ECT (Ryan et al., 2017). Although 1 did not find any data to support this, in vivo studies

to investigate a role for PEDF in animal models of depression may be more useful.

Had antidepressants affected PEDF secretion from astrocytes the next step in the
study would have been to examine the effect of antidepressant treated conditioned media
(CM) from astrocytes on neuronal complexity in vitro and the role of PEDF in this.
Primary cortical rat neurons would have been treated with antidepressant treated CM with
or without the PEDF-R inhibitor (Taxiarchis et al., 2019). Sholl analysis would then have
been used to examine neuronal complexity. This would have determined if blocking
PEDF signalling blocks the effect of antidepressants on neuronal complexity.
Unfortunately, the results of this study did not support following on with these

experiments.

A second limitation is that this study only examined levels of mMRNA and protein,
which does not give a clear insight into functionality. Mature PEDF undergoes post-
translational modification, possibly extracellularly by casein kinase 2 (CK2) and
intracellularly by protein kinase A (PKA) (He et al., 2015). Phosphorylation by CK2 is

reported to inhibit the neurotrophic effects of PEDF, and phosphorylation by PKA is
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reported to abolish the anti-angiogenic effects of PEDF (Maik-Rachline et al., 2005).
Monoamines, the target of traditional antidepressants such as imipramine (Berton and
Nestler, 2006), signal through different protein kinases (O'Neill and Harkin, 2018, Wirth
et al., 2017). Therefore, investigating the post-translational modification of PEDF in
response to antidepressants (for example by comparing the level of PEDF
phosphorylation in cell lysates to the amount of PEDF phosphorylation in the

supernatant) may give more insight into its potential role in depression.

Finally, this study only used cortical cells. Previous studies on the effect of
fluoxetine and electroconvulsive simulation on PEDF report changes in the hippocampus
(Miller et al., 2007, Ryan et al., 2017). | chose to study cortical cells because of
established protocols and reports on plasticity and growth factor changes in cortical cells
(Day et al., 2014, McNamee et al., 2010, Deyama et al., 2018, Deyama et al., 2019).
Future studies repeating the above experiments in hippocampal cultures may be of benefit
as the role of PEDF in depression, and possibly the molecular mechanism of

antidepressants, may be specific to the hippocampus.

5.6 Conclusion

As far as | am aware this is the first study to characterise the expression of Serpinfl
(PEDF) mRNA and Pnpla2 (PEDF-R) in rodent brain cells in vitro. The principal
findings of this study were that Serpinfl mRNA is mainly expressed in astrocytes, and
that imipramine and noradrenaline decrease Serpinfl mRNA but do not affect PEDF
protein secretion. Although I did not find evidence to support my hypothesis, my lab’s
previous clinical study still supports a role for PEDF in depression (Ryan et al., 2017),

and possibly a role for PEDF in response to treatments for treatment resistant depression.
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Of note, PEDF is reported to have a close relationship with VEGFA (Falk et al., 2010).
VEGF, has recently been implicated in the antidepressant actions of ketamine in vivo
(Deyama et al., 2019). Therefore, investigating peripheral levels of these two
genes/proteins in response to ketamine would also be of interest and is the focus of the

work presented in the next chapter.
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Chapter 6.
Gene expression and protein
analysis: a comparison of a single
ketamine or midazolam infusion
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6.1 Introduction

In the past number of years the use of ketamine as a potential treatment for depression
has been investigated. Ketamine is an antagonist of the NMDA glutamate receptor and is
widely used as a dissociative anaesthetic (Duman, 2018, Harkin and McLoughlin, 2019).
Ketamine is reported in a number of studies to be a rapid-acting anti-depressant (Berman
et al., 2000, Zarate et al., 2006, Singh et al., 2016, Murrough et al., 2013, Kim and
Mierzwinski-Urban, 2017). How it mediates this antidepressant effect is unclear, with
studies also reporting ketamine acts through the a-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid receptor (AMPA) or opioid receptors, and more recently
ketamine has been reported to act as a ligand for the estrogen receptor (Aleksandrova et
al., 2017, Williams et al., 2018, Ho et al., 2018). A few studies have reported on clinical
measures that might predict or affect response to treatment. These include anxiety during
infusions, which is associated with a negative effect on treatment (Aust et al., 2019), and
increased dissociative scores during infusions which may predict a positive response
(Niciu et al., 2018). For example, a higher dissociative score on the Clinician-
Administered Dissociative States Scale (CADSS) has been reported to be associated with
an improvement in depressive symptoms as measured by the Hamilton depression rating

scale 17 item version (HAM-D17) (Luckenbaugh et al., 2014).

Studies on the effect of ketamine on molecular changes in humans are limited,
with only a handful of papers to date reporting on protein changes in plasma or serum.
These studies have focused on cytokines (Park et al., 2017, Yang et al., 2015, Kiraly et
al., 2017, Chen et al., 2018), growth factors (Allen et al., 2015, Haile et al., 2014, Duncan
et al., 2013, Rybakowski et al., 2013), metabolomics (Moaddel et al., 2018, Villasenor et

al., 2014) and the kynurenine pathway (Allen et al., 2018a). Increases in brain derived
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neurotrophic factor and IL-6 are the most reported findings (Haile et al., 2014, Duncan

etal., 2013, Yang et al., 2015, Park et al., 2017).

The molecular pathways that underlie ketamine’s antidepressant effects have not
been identified, with the above findings not consistent among studies. In addition, no
peripheral markers identify ketamine responders from non-responders. As with other
antidepressant treatments, a peripheral marker that could predict the patient’s response to
ketamine would be of great clinical use. Therefore, more biological studies are needed to

identify new potential peripheral gene or protein markers.

Recently, a study was published suggesting that VEGF signalling is necessary for
the antidepressant action of ketamine in rodents (Deyama et al., 2019). VEGF signalling
is also closely linked to pigment epithelial-derived factor (PEDF) (Falk et al., 2010), and
a ratio of the two genes has been analysed as a potential peripheral biomarker, with one
study reporting the ratio of the two genes can predict preeclampsia (Zhang et al., 2018).
Therefore, analysing the effect of ketamine on these two genes/proteins would be of

interest.

6.2 Aims and objectives

Given the small amount of human data on biological changes with ketamine, and the
animal study implicating VEGF in the antidepressant action of ketamine, the aim of this
study was to examine the effects of ketamine on targets from the previously reported deep
sequencing and proteomic studies: VEGF-A and PEDF (Kolshus et al., 2017, Ryan et al.,
2017), especially as these are already know to interact (Falk et al., 2010). I also wanted
to explore the effect of ketamine on my other genes of interest related to depression:

Sirtuinl and E2F1. For this, samples from the KARMA-Dep pilot trial (clinical trials.gov
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ID: NCT03256162), which took place in St Patrick’s Mental Health Services in Dublin
(www.stpatricks.ie), from September 2017 — September 2018, were used. The effect of a
single infusion of ketamine or midazolam on depression severity was also assessed, with
a reduction in HAM-D24 scores following ketamine, but not midazolam, expected as
reported in previous studies (Fava et al., 2018, Phillips et al., 2019, Murrough et al.,

2013).

Based on the previous studies reporting changes in VEGFA mRNA and PEDF protein
with ECT (Kolshus et al., 2017, Ryan et al., 2017), and recent studies that show a similar
biological effect of ECT and ketamine on BDNF and kynurenine metabolites (Allen et
al., 2015, Allen et al., 2018a), | hypothesised that that both VEGF and SERPINF1 (PEDF)
mRNA will be increased following a single ketamine infusion. I also hypothesised that
ketamine would affect the ratio of VEGFA and SERPINF1 mRNA, based on reports of
their close signalling relationship in the periphery (Falk et al., 2010). As no data are yet
published on ketamine, E2F1 and SIRT1 this work is more exploratory. However, these
genes have previously been implicated in depression by my lab and other work (Abe-
Higuchi et al., 2016, Abe et al., 2011, Kim et al., 2005, McGrory et al., 2018, McGrory
et al., 2019). The effect of ketamine on their expression is therefore of interest. The

objectives of this study therefore were:

1. Toanalyse differences in peripheral whole blood levels of VEGFA, E2F1, SIRT1,
SERPINF1 mRNA and the ratio of VEGFA/SERPINF1 mRNA in patients pre-
/post- infusions of either ketamine or midazolam.

2. To perform correlation analyses to determine if mMRNA levels are associated with
mood scores and measured by Hamilton depression rating scale, 24-item version

(HAM-D24).
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3. To perform correlation analyses to determine if a change in mRNA levels with
ketamine are associated with dissociative scores as measured by the Clinician-
Administered Dissociative States Scale (CADSS).

4. To analyse differences in plasma protein concentrations of VEGFA and PEDF in

patients pre-/post- infusions of either ketamine or midazolam.

6.3 Methods
6.3.1 Participant recruitment

This study included patients recruited from the KARMA-Dep pilot trial (clinicaltrials.gov
ID: NCT03256162) who received four once-weekly 40 minute infusions of either
0.5mg/kg ketamine or 0.045mg/kg midazolam. Full details of the trial procedure and
eligibility criteria can be found in section 2.2.1.2. For the purpose of the present study, |

focused on peripheral blood analyses before and after the very first infusion.

6.3.2 Blood sampling and mRNA extraction

Full details for blood sampling and mRNA extraction are provided in section 2.2.1.3 —
2.2.1.5. Fasting whole blood samples for mRNA analysis were taken using the PaxGene®
system (Qiagen Inc., USA). For the KARMA-Dep pilot trial, blood for RNA was taken
60 minutes before (-60 minutes) and 4 hours after the start of the first infusion (+240

minutes).

6.3.3 Multiplex quantitative real-time polymerase chain reaction (QRT-PCR)

MRNA cDNA synthesis was performed using a High Capacity cDNA Reverse

Transcription Kit (Applied Biosystems, UK). gRT-PCR was carried out on the StepOne
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PlusTM Real-Time PCR system (Applied Biosystems, UK), using TagMan® (Applied
Biosystems, UK) gene expression assays (VEGFA,; assay 1D:Hs00900055_m1, E2F1;
assay ID:Hs00153451 m1, SIRT1; assay ID:Hs01009006_m1, SERPINF1; assay
ID:Hs01106934_m1) with glyceraldehyde 3-phosphate dehydrogenase (GAPDH; assay
ID:Hs03929097_g1) as the endogenous control. Full details of cDNA synthesis, qRT-

PCR and gene expression analysis can be found in sections 2.2.1.8 — 2.2.1.10.

6.3.4 Plasma protein vascular endothelial growth factor A and pigment epithelial-
derived factor measurement

Plasma collection is detailed in section 2.2.1.5. Plasma samples were collected -60
minutes pre-infusion, +40 minutes post-infusion and +240 minutes post-infusion. For
VEGFA plasma protein analysis the MSD® V-PLEX Cytokine Panel 1 Human Kit
(Mesoscale, USA) was used according to the manufacturer’s instructions. The
ChemiKine™ Pigment Epithelium Derived Factor Sandwich ELISA (Merck, UK) kit
was used for PEDF protein analysis. Full protocols are described in section 2.2.1.11. The
intra assay coefficient of variation (CV) for the VEGFA and PEDF protein assays were
< 4% and < 5% respectively. As all samples were run on a single plate no inter-assay

CV was calculated.

6.3.5 Statistical analysis

Data were analysed using SPSS version 21.0 (IBM Corporation, NY, USA) and
GraphPad Prism 5 (GraphPad Software, California, USA). Data were tested for normality

using a Shapiro-Wilk normality test and log-transformed when necessary.

Baseline clinical and demographic factors are presented as means with standard

deviation (SD), or number (%) per group. Adjusting for potential covariance was not
187



included in this analysis due to the small sample sizes and the exploratory nature of the

study.

Data were analysed using independent t-tests, paired t-tests, Mann-Whitney U
tests for non-parametric data, or a general linear model (GLM). Categorical data were
tested using a chi-square test (¥2) or Fisher’s exact test when numbers were small (<5).
As sample numbers were small (especially for protein), changes pre/post-infusions were
first assessed using paired t test or one-way ANOVAs. A repeated measure GLM was
then used as this adjusts for multiple testing using Bonferroni correction. Where
significant interactions were found, main effects were determined. For non-parametric
groups Freidman’s test, the non-parametric equivalent to the repeated measures was used.
For correlational analyses, data were analysed with Pearson’s product-moment
correlation coefficient (Pearson’s r) for parametric data and Spearman’s rank correlation
coefficient rho (p) for non-parametric data. As numbers were small, correlation analysis
was only carried out when a gene changed with ketamine treatment. Statistical
significance was set at p < 0.05. For correlations analysis p < 0.01 was deemed significant

to control for multiple testing.

6.4 Results
6.4.1 Patient characteristics

Of the 25 patients randomized to either ketamine or midazolam infusions, 23 had both
pre- and post-infusion RNA samples available for analysis. Of these, 12 patients received
ketamine infusions. Clinical and demographic data for both groups are shown in Table
6.1. There were no statistically significant differences between groups in any

demographic characteristic. A statistically significant higher number of patients who
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received ketamine were on antipsychotics in comparison to patients in the midazolam

group (p = 0.01), as measured by a Fisher’s exact test. Patients receiving ketamine also

had a higher dissociative score 30 minutes after the beginning of their infusion (U =

17.000, p = 0.002). There were no other clinical differences between the two groups.

Ketamine Midazolam Statistical Test
(n=12) (n=11)
Age 48.17 (13.3) 51.64 (12.9) t(21)=-0.66, p=0.53
Sex, female n (%) 8 (66.7) 4 (36.4) p=0.15
Smoker, yes n (%) 3(25.0) 3(27.3) p=0.64
BMI 27.58 (7.1) 29.27 (3.2) t(21)=-0.73, p=0.48
Education Completed, yes n (%)

Secondary 2 (16.7) 6 (54.5)

Tertiary 10 (83.3) 5 (45.5) p=0.10
Bipolar Depression, yes n (%) 3(21.6) 2(18.2) p=0.55
HAM-D24 Pre-Infusion 1 (-60 28.50 (4.4) 28.00 (4.0) t(21)=0.28, p=0.78
mins
HAI\/)I-D24 Post-Infusion 1 (+240 20.67 (4.1) 17.72 (4.7) t(21)=1.60, p=0.12
mins
CAD)SS 0 minutes 1.83 (2.0) 1.91 (2.4) U=64.50, p=0.93
CADSS +30 minutes 15.00 (11.6) 3.73 (4.2) U=17.00, p=0.002
CADSS +60 minutes 3.17 (3.6) 3.00 (2.9) U=65.10, p=0.79
Medications, n (%0)

SSRI 4 (33.3) 4 (36.4) p=0.61

SNRI 7 (83.3) 3(72.7) p=0.14

TCA 2 (16.7) 3(27.3) p=0.46

Mirtazapine 3(25.0) 2(18.2) p=0.55

Bupropion 0(0.0) 1(9.0) p=0.48

Lithium 3(25.5) 2(18.2) p=0.55

Antipsychotic 10 (83.3) 3(27.3) p=0.01

Pregabalin 4(33.3) 1(9.0) p=0.19

Benzodiazepines 4(33.3) 6 (54.5) p=0.27

Table 6.1 Demographic and clinical details of patients receiving ketamine or

midazolam infusions

Abbreviations: BMI, body mass index; HAM-D24, Hamilton Depression Rating Scale, 24-
item version; CADSS, Clinician-Administered Dissociative States Scale; SSRI, Selective
serotonin reuptake inhibitor; SNRI, Serotonin and noradrenaline reuptake inhibitor; TCA,
Tricyclic antidepressants; U, standardised Mann-Whitney test. A p value and no other test
statistic indicates Fisher’s exact test. Data are presented as means (SD) or n (%).
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6.4.2 Response to ketamine or midazolam infusions

Both groups had a similar HAM-D24 score prior to an infusion of either ketamine or
midazolam (t(21) = 0.284, p = 0.78). A single infusion of both ketamine and midazolam
significantly decreased HAMD-24 scores (F(1,21) = 102.40, p < 0.000; Figure 6.1), with
no interaction between time (pre-/post-infusion) and treatment group (F(1,21) = 1.129, p

< 0.282). Following the first infusion no patient met response criteria.
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Figure 6.1 The effect of a single ketamine or midazolam infusion on depression
severity

A single infusion of both (A) ketamine (n = 12) and (B) midazolam (n = 11) significantly
reduced depression severity as measured by the HAM-D24. (C) A repeated measures
ANOVA showed a significant overall reduction in HAM-D24 scores with no time x treatment
effect. **p<0.01 for both treatment groups. Data represented as mean + SD. Abbreviations:
HAM-D24, Hamilton Depression Rating Scale, 24-item.
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There was also no significant difference in the CADSS scores between each group prior
to infusion (t(21) = -0.082, p = 0.94). There was a significant effect of time on CADSS
scores (as measured at 0 minutes, +30 minutes and +60 minutes; F(1,21) = 14.030, p <
0.001) with a statistically significant time x group interaction (F(1,21) = 1.578, p = 0.03),
with the CADSS score for the ketamine group increasing 30 minutes after the start of the

infusion before returning towards baseline. Figure 6.2 shows an interaction plot for the

CADSS scores.
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Figure 6.2 Interaction plot of the change in CADSS scores with treatment

There was a significant time x group interaction for a change in CADSS scores with
treatment. CADSS scores significantly increased with a single ketamine infusion until 30
minutes after the infusion before returning to baseline. *p < 0.05, ketamine group, as analysed
by a repeated measures ANOVA. Abbreviations: CADSS; Clinician-Administered
Dissociative States Scale.
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6.4.3 Vascular endothelial growth factor peripheral gene expression analysis

Data were tested for normality using a Shapiro-Wilk normality test. Pre-infusion, VEGFA
MRNA RQ values were not normal for the ketamine group (p = 0.001), but were for the
midazolam group (p = 0.482). Post-infusion RQ values were also not normal for the
ketamine group (p = 0.002) and normal for the midazolam group (p = 0.574). Log
transformation did not render the RQ values for ketamine treatment normal pre-treatment
(p =0.015). However, as the post-infusion RQ values were normal for the ketamine group
following log transformation (p = 0.060), log values were used as the data were less

skewed.

6.4.3.1 VEGFA mRNA levels following ketamine and midazolam infusions

VEGFA mRNA levels were not significantly different between the ketamine and
midazolam groups pre-infusion (U = 58.000, p = 0.65). A Wilcoxon signed rank test
showed a significant effect of ketamine treatment on VEGFA mRNA levels (p = 0.01;
Figure 6.3). Midazolam had no effect on VEGFA mRNA levels as measured by a paired
t test (t(10) = 0.4312, p = 0.68). A repeated measure ANOVA reported no overall main
effect of time on VEGFA mRNA levels (F(1, 21) = 1.542, p = 0.23; within-subject model)
or overall main effect of treatment group ((F(1, 21) = 1.632, p = 0.15; between-subject
model). However, there was a significant time x treatment group interaction (F(1, 21) =
5.207, p = 0.03). Therefore, simple main effect analysis was carried out to determine the
nature of this interaction. A Friedman’s test reported a significant effect of time on
VEGFA mRNA levels in the ketamine group (x*(1) = 5.333, p = 0.021; Figure 6.3). A
repeated measures ANOVA reported no change with the midazolam group (F(1, 10) =

0.349, p = 0.57). A summary of the data can be seen in Table 6.2.
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Figure 6.3 The effect of a single ketamine or midazolam infusion on peripheral blood
VEGFA mRNA levels
(A) Ketamine (n = 12) significantly increased VEGFA mRNA levels while (B) midazolam (n
= 11) had no effect. (C) There was a significant time x treatment interaction with ketamine,
specifically increasing VEGFA gene expression; *p < 0.05, *p < 0.05 (pre-/post-ketamine
infusion only). Data presented as mean + SD.

Mean RQ
SD
SEM
Median RQ

IQR

Ketamine (n = 12)
Pre-Infusion  Post-Infusion
0.95 1.11
0.22 0.36
0.06 0.11
0.89 1.01
0.84-1.01 0.96-1.16

Midazolam (n = 11)
Pre-Infusion  Post-Infusion
0.92 0.90
0.23 0.27
0.07 0.08
0.86 0.90
0.72-1.09 0.73-1.02

Table 6.2 VEGFA mRNA data pre- and post-infusions
Abbreviations: RQ; relative quantification value, SD; standard deviation, SEM; standard
error of the mean, IQR; inter-quartile range.
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6.4.3.2 Correlation analysis of VEGFA mRNA with mood ratings

Exploratory correlation analysis was performed to assess if VEGFA mRNA levels could
predict depression severity as measured by the HAM-D24 at baseline or the response to
a single infusion of ketamine. For baseline severity correlations the whole group was used
in the analysis, with all further analyses breaking the groups down into ketamine or
midazolam to assess specific treatment associations. As reported in Table 6.3 no

significant associations were found.

Baseline VEGFA &  Baseline VEGFA AVEGFA &
Baseline HAMD-24 & AHAM-D24 AHAM-D24
Whole Group (n =23) | p=-0.241, p=0.326 Not analysed Not analysed

Ketamine (n = 12) r=0.303, p=0.338 r=0.199, p=0.534 r=0.257, p=0.421
Midazolam (n = 11) r=0.128, p=0.708 r=0.193, p=0.579 r=-0.015, p=0.965

Table 6.3 Associations between VEGFA mRNA levels and depression severity before
and after a single infusion of either ketamine or midazolam
Abbreviations: A; a change in, HAMD-24; Hamilton Depression Rating Scale, 24-item.

6.4.3.3 Correlation analysis of peripheral blood VEGFA mRNA with dissociative
scores

As a higher dissociative score has been reported to be associated with better treatment
response to ketamine (Niciu et al., 2017), exploratory analysis was carried out to
determine any relationship between a change in VEGFA mRNA levels with ketamine and
dissociative scores (as measured by the Clinician-Administered Dissociative States Scale
— CADSS). As the CADSS scores peaked at 30 minutes post infusion, a change in gene
expression was correlated with a change in CADSS score (from 0 to +30 minutes) and
the change in VEGFA mRNA levels from -60 to +240 minutes. No relationship was

found, see Figure 6.4.
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Figure 6.4 Associations between VEGFA mRNA levels and change in CADSS scores
No associations between a change in VEGFA mRNA levels and a change in CADSS scores
were found with (A) ketamine treatment (n = 12) or (B) midazolam treatment (n = 11). Data
measured with Pearson’s r or Spearman’s rho (p) correlation analysis.

6.4.4 Pigment epithelial derived-factor peripheral gene expression analysis

SERPINF1 (PEDF) mRNA RQ values were normal for the ketamine group (pre-infusion;
p = 0.786, post-infusion; p = 0.134), but not for the midazolam group (pre-infusion; p =
0.030, post infusion; p = 0.029). Log transformation rendered the RQ values normal for
all groups (pre-ketamine; p = 0.946, post-ketamine; p = 0.999, pre-midazolam; p = 0.100,

post-midazolam; p = 0.426). Log transformed data were therefore used for all analyses.

6.4.4.1 SERPINF1 (PEDF) mRNA levels following ketamine and midazolam
infusions

There was no significant difference in SERPINF1 mRNA levels prior to infusions (t(21)
=-0.832, p = 0.415). A paired t test reported a significant effect of ketamine treatment on
SERPINF1 mRNA levels (t(11) =2.371, p = 0.03; Figure 6.5), but no effect of Midazolam
(t(10) = 0.1863, p = 0.86). A repeated measures ANOVA reported no overall main effect
of time on SERPINF1 mRNA levels (F(1, 21) = 2.228, p = 0.150), no main effect of

treatment group (F(1, 21) = 1.777, p = 0.197), and no significant time x treatment group
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interaction (F(1, 21) = 3.287, p = 0.084; Figure 6.5). A summary of the data can be seen

in Table 6.4.
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Figure 6.5 The effect of a single ketamine or midazolam infusion on SERPINF1
MRNA levels

A paired t test reported (A) ketamine (n = 12) significantly increased SERPINF1 mRNA
levels. (B) Midazolam (n = 11) had no effect. (C) a repeated measures ANOVA indicated no
significant time x treatment interaction. *p < 0.05, data presented as mean + SD.

Ketamine (n = 12) Midazolam (n = 11)
Pre-Infusion  Post-Infusion | Pre-Infusion  Post-Infusion
Mean RQ 0.90 0.79 1.06 1.04
SD 0.37 0.41 0.5 0.43
SEM 0.11 0.12 0.15 0.13
Median RQ 0.91 0.74 0.84 0.90
IQR 0.62-1.16 0.50 - 0.94 0.65-1.53 0.81-1.18

Table 6.4 SERPINF1 mRNA data pre- and post-infusions
Abbreviations: RQ; relative quantification value, SD; standard deviation, SEM; standard
error of the mean, IQR; inter-quartile range.
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6.4.4.2 Correlation analysis of SERPINF1 (PEDF) mRNA with mood ratings

Exploratory correlation analysis was then performed to assess if SERPINF1 mRNA levels
was associated with depression severity at baseline or could predict the response to a
single infusion of ketamine. The Pearson correlation coefficient r reported no significant

correlations. Table 6.5 summarises the statistics.

Baseline Baseline ASERPINF1 &
SERPINF1 & SERPINF1 & AHAM-D24
Baseline HAMD-24 AHAM-D24

Whole Group (n=23) | r=0.153, p=0.468 Not analysed Not analysed
Ketamine (n = 12) r=0.420, p=0.174 r=0.004, p=0.994 r=0.245, p=0.442
Midazolam (n = 12) r=-0.135, p=0.693  r=-0.007, p=0.983 r=0.167, p=0.624

Table 6.5 Associations between SERPINF1 mRNA levels and depression severity at
baseline and following treatment

Abbreviations: A; a change in, FU; follow up, HAMD-24; Hamilton Depression Rating Scale,
24-item.

6.4.4.3 Correlation analysis of SERPINF1 (PEDF) mRNA with dissociative scores

Correlation analyses were carried out to determine if a change in SERPINF1 mRNA
levels with treatment was associated with a change in dissociative scores. There was a
relationship reported with midazolam treatment (r -0.731=, p = 0.011; Figure 6.6).
However, this was not significant as the significance level for correlation analysis was

set at 0.01 to account for multiple testing.
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Figure 6.6 Associations between SERPINF1 mRNA levels and CADSS scores

No associations between a change in SERPINF1 mRNA levels and a change in CADSS scores
was found with (a) ketamine (n = 12) treatment or (b) midazolam (n = 11) treatment. Data
measured with Pearson’s r or Spearman’s rho (p) correlation analysis.

6.4.5 Ratio analysis of vascular endothelial derived-factor and pigment epithelial
derived-factor gene expression

Studies report a strong relationship between VEGF and PEDF signalling (Falk et al.,
2010), and the use of a ratio of the two genes can be used for predicting preeclampsia
(Zhang et al., 2018) and may also play a role in infant haemangioma and nicotine induced
neovascularisation (Zhang et al., 2016, Zhu et al., 2018). Therefore, the role for the ratio
of the two genes in the response to ketamine was assessed. RQ values were normal for
all groups (pre-ketamine; p = 0.110, post-ketamine; p = 0.488, pre-midazolam; p = 0.516,

post-midazolam; p = 0.453. Parametric statistics were used throughout this section.

6.4.5.1 VEGFA/SERPINF1 mRNA ratio following ketamine and midazolam
infusions

The VEGFA/SERPINF1 mRNA ratio levels were not significantly different between the
ketamine and midazolam groups pre-infusion (t(21) = 0.669, p = 0.45). A paired t test

reported a significant effect of ketamine treatment on the VEGFA/SERPINF1 mRNA
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ratio (t(11) = 3.47, p = 0.005; Figure 6.7) but no effect of midazolam (t(10) = 0.95, p =
0.36). A repeated measure ANOVA reported a significant main effect of time on the
VEGFA/SERPINF1 mRNA ratio levels (F(1, 21) = 7.005, p = 0.015), but no significant
main effect of treatment group (F(1, 21) = 2.949, p = 0.101). There was a significant time
x treatment group interaction (F(1, 21) = 11.836, p = 0.002). A simple main effects model
revealed a significant effect of time in the ketamine group (F(1, 11) = 12.085, p = 0.005)
but not in the midazolam group (F(1, 10) = 0.837, p = 0.382 ). A summary of the data can
be seen in Table 6.6.
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Figure 6.7 The effect of a single ketamine or midazolam infusion on
VEGFA/SERPINF1 mRNA level ratio

(A) Ketamine (n = 12) significantly increased the VEGFA/SERPINF1 mRNA ratio. (B)
Midazolam (n = 11) had no effect. (C) A repeated measures ANOVA indicated a significant
time x treatment interaction with ketamine specifically increasing the VEGFA/SERPINF1
ratio. **p < 0.01, data presented as mean + SD.
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Ketamine (n =12) Midazolam (n = 11)

Pre-Infusion Post-Infusion | Pre-Infusion Post-Infusion

Mean ratio 1.23 1.67 1.07 1.01
SD 0.53 0.73 0.56 0.54
SEM 0.15 0.21 0.17 0.16

Table 6.6 VEGFA/SERPINF1 mRNA ratio data pre- and post-infusions
Abbreviations: SD; standard deviation, SEM; standard error of the mean.

6.4.5.2 Correlation analysis of VEGFA/SERPINF1 mRNA ratio with mood ratings
Pearson's correlation coefficient (r) reported no significant correlations between the

VEGFA/SERPINF1 RQ ratio and HAM-D24 scores, see Table 6.7.

Baseline Baseline AVEGFA/SERPINF1
VEGFA/SERPINF1 VEGFA/SERPINF1 &
& Baseline HAMD- & AHAM-D24 AHAM-D24
24
Whole Group (n =
23) r=-0.142, p=0.517 Not analysed Not analysed

Ketamine (n =12) | r=-0.433, p=0.16 r=0.162, p=0.614 r=0.011, p=0.973
Midazolam (n = 11) | r=-0.162, p=0.635 r=0.112, p=0.743 r=-0.239, p=0.480

Table 6.7 Associations between VEGFA/SERPINF1 mRNA ratio and depression
severity at baseline and following treatment

Abbreviations: A; a change in, FU; follow up, HAMD-24; Hamilton Depression Rating Scale,
24-item.

6.4.5.3 Correlation analysis of VEGFA/SERPINF1 mRNA ratio with dissociative
scores

Next, correlation analysis was carried out to determine any relationship between a change
in VEGFA/SERPINF1 mRNA ratio with treatment and a change in dissociative scores.

No significant associations were reported, Figure 6.8.
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Figure 6.8 Associations between VEGFA/SERPINF1 mRNA ratio and CADSS scores
No associations between a change in the VEGFA/SERPINF1 mRNA ratio and a change in
CADSS scores were found with (a) ketamine (n = 12) treatment or (b) midazolam (n = 11)
treatment. Data measured with Pearson’s r or Spearman’s rho (p) correlation analysis.

6.4.6 E2F1 peripheral blood gene expression analysis

E2F1 mRNA RQ values were normal for both groups before (ketamine; p = 0.08,
midazolam; p = 0.55) and after (ketamine; p = 0.92, midazolam; p = 0.08) infusions. Data

were therefore analysed with parametric statistics.

6.4.6.1 E2F1 mRNA levels following ketamine and midazolam infusions

E2F1 mRNA levels were not significantly different between the ketamine and midazolam
groups pre-infusion (t(21) =-0.778, p = 0.45). There was no significant effect of ketamine
(t(11) = 0.073, p = 0.94; Figure 6.9) or midazolam (t(10) = 0.8829, p = 0.40) on E2F1
MRNA levels. There was no main effect of time on E2F1 mRNA levels (F(1, 21) =
0.731, p = 0.402), no main effect of treatment group (F(1, 21) =0.594, p = 0.449) and no
time x treatment group interaction (F(1, 21) = 0.236, p = 0.632). A summary of the data

can be seen in Table 6.8.
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Figure 6.9 The effect of a single ketamine or midazolam infusion on E2F1 mRNA
levels

There were no significant effects of (A) ketamine (n = 12) or (B) midazolam (n = 11) on
E2F1 mRNA levels as measured by a paired t test. (C) There was no time x treatment
interaction effect. Data presented as mean + SD.

Ketamine (n = 12) Midazolam (n = 11)

Pre-Infusion Post-Infusion | Pre-Infusion Post-Infusion
Mean RQ 0.90 0.89 0.99 0.90
SD 0.17 0.25 0.39 0.28
SEM 0.05 0.07 0.12 0.09

Table 6.8 E2F1 mRNA data pre- and post-infusions
Abbreviations: RQ; relative quantification value, SD; standard deviation, SEM; standard
error of the mean.
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6.4.7 Sirtuin 1 peripheral gene expression analysis

SIRT1 mRNA RQ values were normal for both groups before (ketamine; p = 0.11,
midazolam; p = 0.75) and after (ketamine; p = 0.11, midazolam; p = 0.64) infusions. Data

were therefore analysed with parametric statistics.

6.4.7.1 SIRT1 mRNA levels following ketamine and midazolam infusions

There was no significant difference in SIRT1 mRNA levels between the ketamine and
midazolam groups pre-infusion (t(21) = -1.145, p = 0.27). A paired t test found a
significant effect of ketamine treatment on SIRT1 mRNA levels (t(11) = 2.535, p = 0.03;
Figure 6.10) but not midazolam (t(10) = 0.9683, p = 0.40). However, a repeated measure
ANOVA found no overall significant main effect of time on SIRT1 mRNA levels (F(1,
21) = 3.508, p = 0.079) and there was no main effect of treatment group (F(1, 21) = 0.00,
p =0.100) or time x treatment group interaction (F(1, 21) = 1.637, p = 0.215). A summary

of the data can be seen in Table 6.9.
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Figure 6.10 The effect of a single ketamine or midazolam infusion on SIRT1 mMRNA
levels

There was a significant effect of (A) ketamine (n = 12) on SIRT1 mRNA levels but no
significant effect of (B) midazolam (n = 11) on SIRT1 mRNA levels as measured by a paired
ttest. (C) There was no time x treatment interaction effect. * p < 0.05, data presented as mean
+ SD.

Ketamine (n = 12) Midazolam (n = 11)

Pre-Infusion  Post-Infusion | Pre-Infusion  Post-Infusion
Mean RQ 1.79 1.99 1.94 2.13
SD 0.27 0.38 0.35 0.47
SEM 0.08 0.11 0.10 0.14

Table 6.9 SIRT1 mRNA data pre- and post-infusions
Abbreviations: RQ; relative quantification value, SD; standard deviation, SEM; standard
error of the mean.
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6.4.8 Vascular endothelial growth factor and pigment epithelial-derived factor
protein analysis

| found a significant change in both VEGFA and SERPINF1 mRNA expression with
ketamine treatment, and a change in the ratio of the two genes. Therefore, Peripheral
plasma protein analysis was carried out to assess the effect of ketamine on VEGFA and
PEDF protein levels. Plasma samples were available for six patients who received
ketamine and six patients who received midazolam. Table 6.10 provides the clinical and
demographic data for these groups. Patients who received a ketamine infusion had a
higher CADSS score at 30 minutes after the infusion (p = 0.01). There were no other

significant differences between groups.
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Ketamine Midazolam Statistical Test
(n=6) (n=7)
Age 49.00 (13.2) 50.86 (10.8) t(11)=-0.28, p=0.79
Sex, female n (%) 4 (66.7) 2 (28.6) p=0.21
Smoker, yes n (%) 2 (33.3) 3(42.9) p=0.59
BMI 25.50 (4.5) 29.42 (3.8) t(11)=-1.71, p=0.12
Education Completed, yes n (%0)

Secondary 2 (33.3) 4 (57.1)

Tertiary 4 (66.7) 3(42.9) p=0.48
Bipolar Depression, yes n (%) 2 (33.3) 1(14.3) p=0.44
HAM-D24 Pre-Infusion (-60) 29.50 (4.8) 27.43 (4.8) t(11)=0.78, p=0.45
HAM-D24 Post-Infusion 1 (+240) 20.83 (5.2) 16.43 (3.5) t(11)=1.82, p=0.10
CADSS 0 minutes 1.33(2.4) 1.14 (1.3) U=18.00, p=0.73
CADSS +30 minutes 17.67 (15.7) 3.29 (3.9) U=4.00, p=0.01
CADSS +60 minutes 3.17 (4.0) 2.43 (1.8) U=20.00, p=0.95
Medications, n (%0)

SSRI 2 (33.3) 1(14.3) p=0.44

SNRI 2(33.3) 2 (28.6) p=0.66

TCA 1(16.7) 2 (28.6) p=0.56

Mirtazapine 3 (50.0) 1(14.3) p=0.22

Bupropion 0(0.0) 1(14.3) p=0.54

Lithium 1(16.7) 2 (28.6) p=0.56

Antipsychotic 5(83.3) 2 (28.6) p=0.08

Pregabalin 3 (50.0) 1(14.3) p=0.22

Benzodiazepines 1(16.7) 3(42.9) p=0.34

Table 6.10 Demographic and clinical details of ketamine/midazolam patients with
plasma samples available

Abbreviations: BMI, body mass index; HAM-D24, Hamilton Depression Rating Scale, 24-
item; CADSS, Clinician-Administered Dissociative States Scale; SSRI, Selective serotonin
reuptake inhibitor; SNRI, Serotonin and noradrenaline reuptake inhibitor; TCA, Tricyclic
antidepressants; U, standardised Mann-Whitney test. A p value and no other test statistic
indicates Fisher’s exact test.Data are presented in means (SD) or n (%). Tests with only a p
value represent Fisher’s exact test.
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6.4.8.1 Vascular endothelial growth factor plasma protein analysis

Pre-infusion, VEGFA protein values were normal for the ketamine group (p = 0.54) and
the midazolam group (p = 0.21). Protein values of plasma samples taken 40 minutes after
the infusion were not normal for the ketamine group (p = 0.03) but were normal for the
midazolam group (p = 0.73). At 4 hours after the infusion values for the ketamine group
were normal (p = 0.15) but were not for the midazolam group (p < 0.001). Following log
transformation ketamine values 40 minutes after the infusion were normal (p = 0.14) but
midazolam values at 4 hours after the infusion were not (p < 0.01). Log10 transformed
values were used as more data groups were normal and non-parametric statistics were

used when necessary.

6.4.8.1.1 VEGFA protein levels following a single ketamine or midazolam infusion

A student t test showed no significant difference between groups at baseline (t(11) = -
2.216, p = 0.05). A one way-ANOVA reported no change in VEGFA protein levels with
ketamine (F(2, 15) = 0.22), p = 0.80). A Kruskal-Wallis test also reported no effect of
midazolam on VEGFA protein levels (H = 0.30, p = 0.86). A repeated measured GLM
reported no main effect of time (F(1,11) = 0.94, p = 0.41) or treatment group (F(1,11) =
0.76), p = 0.48), with no significant time x group interaction effect (F(1,11) = 4.10, p =

0.07; Figure 6.11). A summary of raw data can be seen in Table 6.11.
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Figure 6.11 The effect of a single ketamine or midazolam infusion on plasma VEGFA

protein levels

There was no significant effect of (A) ketamine (n = 6) on VEGFA protein levels and no
significant effect of (B) midazolam (n = 7) (C) There was no time x treatment interaction

effect. Data presented as mean £ SD.

Ketamine (n = 6)

Pre- 40 min
Infusion Post-

Infusion
Mean 2.10 2.04
SD 0.17 0.14
SEM 0.07 0.06
Median 2.15 2.09

IQR 1.93-224 1.90-2.14

240 min
Post-
Infusion

2.06
0.15
0.06

2.07
1.93-222

Midazolam (n =7)
Pre- 40 min 240 min
Infusion Post- Post-
Infusion Infusion
1.97 1.98 2.14
0.15 0.18 0.54
0.06 0.07 0.20
1.94 1.90 1.92
1.85-227 1.87-2.13 1.89-2.10

Table 6.11 VEGFA protein data pre- and post-infusions
Values represent Logio protein concentrations (pg/ml)
Abbreviations: SD; standard deviation, SEM; standard error of the mean, IQR; inter-quartile

range.
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6.4.8.2 Pigment epithelial-derived factor protein analyses

Pre-infusion PEDF protein values were normal for both groups (ketamine group; p =
0.65, midazolam group; p = 0.21). At 40 minutes after the infusion data were normal for
the ketamine group (p = 0.46) but were not normal for the midazolam group (p = 0.04).
At 4 hours after the infusion values for the ketamine group were normal (p = 0.29) but
were not for the midazolam group (p = 0.04). Following log transformation all values

were normal. Therefore, log10 transformed values were used.

6.4.8.2.1 PEDF protein levels following a single ketamine or midazolam infusion

There was a significant difference between the two groups at baseline as reported by a
student t test (t(11) = -2.755, p = 0.02). Patients receiving midazolam had higher PEDF
protein levels at baseline. A one way-ANOVA reported no change in PEDF protein levels
with ketamine (F(2, 15) = 0.12, p = 0.89) or midazolam (F(2, 15) = 1.30, p = 0.29). A
repeated measured GLM reported no main effect of time (F(1,11) = 1.56, p = 0.21) or
treatment group (F(1,11) = 1.30, p = 0.28). There was a significant time X group
interaction effect (F(1,11) = 4.04), p = 0.03) because of the significant baseline

difference. See Figure 6.12. A summary of raw data can be seen in Table 6.12.
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Figure 6.12 The effect of a single ketamine or midazolam infusion on PEDF protein

levels

There was no significant effect of (A) ketamine (n = 6) on PEDF protein levels and no effect
of (B) midazolam (n = 7) (C) There was no time x treatment effect. Data presented as mean

+ SD.

Ketamine (n = 6) Midazolam (n =7)
Pre- 40 min 240 min Pre- 40 min 240 min
Infusion Post- Post- Infusion Post- Post-
Infusion Infusion Infusion Infusion
Mean 2.77 2.81 2.83 3.07 2.96 2.81
SD 0.15 0.24 0.25 0.24 0.29 0.36
SEM 0.06 0.10 0.10 0.09 0.11 0.14

Table 6.12 Plasma protein data pre- and post-infusions
Values represent Logso protein concentrations (ng/ml).

Abbreviations: SD; standard deviation, SEM; standard error of the mean.
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6.4.8.3 VEGFA/PEDF protein ratio analysis

As with the mRNA data, a role for the ratio of VEGFA to PEDF protein ratio was
investigated. Pre-infusion, VEGFA/PEDF ratio values were not normal for the ketamine
group (p = 0.02) but were for the midazolam group (p = 0.16). Ratio values of plasma
samples taken 40 minutes after the infusion were normal for both groups (ketamine; p =
0.06, midazolam; p = 0.67). At 4 hours post-infusion values for the ketamine group were
normal (p = 0.07) but were not for the midazolam group (p < 0.001). Following log

transformation, all data were normal. Therefore, log10 transformed values were used.

6.4.8.3.1 VEGFA/PEDF ratio levels following a single ketamine or midazolam
infusion

A student t test showed no significant difference between groups at baseline (t(11) =
1.480, p = 0.17). A one way-ANOVA reported no change in ratio levels with ketamine
(F(2, 15) =0.26, p = 0.78) or midazolam (F(2, 15) = 2.48, p = 0.11). A repeated measured
GLM reported no main effect of time (F(1,11) = 2.50, p = 0.11) or treatment group
(F(1,11) = 0.32, p = 0.59), with no significant time x group interaction effect (F(1,11) =

2.19, p = 0.16; Figure 6.13). A summary of raw data can be seen in Table 6.13.
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Figure 6.13 The effect of a single ketamine or midazolam infusion on the
VEGFA/PEDF protein ratio

There was no significant effect of (A) ketamine (n = 6) on ratio levels and no significant
effect of (B) midazolam (n = 7) (C) There was no time x treatment effect. Data presented as

Log10 mean £ SD.
Pre- 40 min 240 min Pre- 40 min 240 min
Infusion Post- Post- Infusion Post- Post-
Infusion Infusion Infusion Infusion
Mean -0.96 -0.87 -0.56 -0.83 -0.90 -0.90
SD 0.15 0.27 0.52 0.18 0.19 0.19
SEM 0.06 0.10 0.20 0.08 0.08 0.08

Table 6.13 VEGFA/PEDF ratio data pre- and post-infusions
Values represent a Logig ratio of VEGFA/PEDF values
Abbreviations: SD; standard deviation, SEM; standard error of the mean.
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6.5 Discussion
6.5.1 Results summary

This study reported that both ketamine and midazolam significantly decreased depression
severity as measured by the HAM-D24 4 hours after a single infusion of ketamine.
Although a significant antidepressant effect of ketamine over midazolam was not
reported, molecular changes specific to ketamine were reported. VEGFA mRNA was
significantly increased following ketamine treatment only. Ketamine alone reduced
SERPINF1 mRNA levels but this was no statistically significant. Ketamine also
significantly increased the VEGFA/SERPINIF1 mRNA ratio, suggesting ketamine may
have an effect on the interaction of the two genes. Neither ketamine nor midazolam had
an effect on E2F1 or SIRT1 mRNA. There were no associations between mRNA levels
of any gene and improvement in depression scores or changes in the CADSS. No
significant changes were reported in VEGFA, PEDF or the VEGFA/PEDF protein ratio
levels with ketamine or midazolam treatment. There were no statistically significant
associations between mRNA or protein levels and clinical measures (HAM-D24 and

CADSS scores).

6.5.2 A single infusion of ketamine, but also midazolam, improves depression
scores in patients

Both ketamine and midazolam significantly decreased depression scores as measured by
the HAM-D24 as measured 4 hours after a single infusion. A significant reduction in
depression severity following ketamine treatment is in line with other studies and
supports its efficacy as an antidepressant treatment (Berman et al., 2000, Zarate et al.,
2006, Singh et al., 2016). However, a similar improvement with midazolam treatment

was not expected as previous trials have reported a greater efficacy of ketamine treatment
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over midazolam (Murrough et al., 2013, Fava et al., 2018, Phillips et al., 2019, Haile et
al., 2014). It is unclear why midazolam treatment had the same effect on HAMD-24
scores as ketamine. Previous reports differed in their patients and the use of medications.
In two of these previous trials, patients were taken off any psychotropic medications
excerpt for non-benzodiazepine hypnotics (Murrough et al., 2013, Haile et al., 2014). In
a third trial medications were maintained as normal once the dose had been stable for the
previous 4 weeks (Fava et al., 2018). In the fourth trial patients were medicated but
avoided benzodiazepines 24 hours before the clinics as the may attenuate ketamine
response (Phillips et al., 2019). As all these trials reported a greater efficacy of ketamine
over midazolam, it is difficult to say if any medications influence a patient’s response to
ketamine, but it is unlikely as both medicated and medicated patients responded
favourably to ketamine over midazolam. The dose of ketamine (0.5mg/kg) and
midazolam 0.045mg/kg) used in the KARMA-Dep pilot trial was also in line with
previous studies, as well as the method of slow infusion (Murrough et al., 2013, Fava et
al., 2018). As the present study had a small sample size, and as a pilot trial was not
designed to measure efficacy, a clear conclusion on the efficacy of ketamine versus

midazolam cannot be made.

6.5.3 A single infusion of ketamine, but not midazolam, increases peripheral blood
VEGFA mRNA levels but not plasma protein levels

Peripheral whole blood VEGFA mRNA levels were increased following a single infusion
of ketamine, but were not altered by midazolam treatment. This was as | had hypothesised
based on studies that show an effect of antidepressant treatments on VEGFA (both
MRNA and protein levels) (Kolshus et al., 2017, Minelli et al., 2011) and the report that

increased VEGF protein signalling is necessary for the antidepressant actions of ketamine
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(Deyama et al., 2019). One of these two clinical studies reported ECT decreased VEGFA
MRNA levels (Kolshus et al., 2017), whereas the second reported increased VEGFA
levels in serum one month post ECT (Minelli etal., 2011). No changes have been reported
with other antidepressant treatments, but chronic ketamine abuse has been reported to
reduce VEGFA mRNA levels (Fan et al., 2015). The effect of a single infusion of
ketamine on VEGFA mRNA levels cannot be directly compared to these studies as they
measure VEGF after a chronic antidepressant treatment or after ketamine abuse. Animal
studies investigating the role of VEGF in antidepressant response are more consistent.
Fluoxetine, desipramine, and ECS increase rodent VEGF gene expression in the brain
(Warner-Schmidt and Duman, 2007, Newton et al., 2003). In animal models, VEGF
release in also necessary for the antidepressant effects of ketamine (Deyama et al., 2019),
and VEGF administration mimics the effects of ketamine and desipramine (Deyama et
al., 2019, Warner-Schmidt and Duman, 2007). Therefore, an increase in VEGFA mRNA
or protein following an antidepressant treatment is in line with what would be expected

based on evidence from animal model studies.

One limitation of the VEGFA gene expression study carried out for this thesis is
that data was still non-parametric after log transformation. Although data was only mildly
skewed (with one data point identified by SPSS as an outlier), and non-parametric
analysis was carried out were possible with the GLM, a larger replication study of this

data would hopefully allow for fully parametric analysis and strengthen this finding.

In contrast to the mRNA data, neither ketamine nor midazolam altered VEGFA
protein levels. Although my hypothesis was that ketamine would increase VEGFA
protein levels, this result is not completely unexpected. My lab have previously reported
a change in VEGFA mRNA levels but not plasma protein levels in patients from the

EFFECT-Dep study (Kolshus et al., 2017, Ryan and McLoughlin, 2018). Studies on the
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effect of antidepressant treatment on VEGFA protein levels in the periphery and cerebral
spinal fluid are conflicting. Some studies report an increase (Minelli et al., 2011), others
report no change (Ryan and McLoughlin, 2018, Kranaster et al., 2019, Ventriglia et al.,
2009) or report opposite changes in patients who respond or do not respond to treatment
(Fornaro et al., 2013). In a study that did report a change in protein levels in response to
treatment, this change was one month following treatment and not immediately after
(Minellietal., 2011). Furthermore, one study on the effect of ketamine on BDNF, another
neurotrophin, reported an increase only 1 week after ketamine infusion (Allen et al.,
2015). Therefore, the time the bloods in this KARMA-Dep pilot trial were taken may not
be suitable for detecting a change in protein. mMRNA levels were increased at 4 hours
post-infusion but protein levels may take longer to reflect this change. The sample
numbers for the protein analysis were also small. It may still be important to investigate
VEGFA protein in a larger sample size, and at different time points post-infusion

(possibly 1-week) or after a course of infusions.

6.5.4 Ketamine, but not midazolam, treatment reduces peripheral SERPINF1
MRNA levels but neither affect plasma PEDF protein

Ketamine significantly decreased SERPINF1 mRNA (as measured by a paired t-test), and
there was a trend towards a time x treatment group interaction, indicating ketamine, but
not midazolam, decreased peripheral whole blood SERPINF1 mRNA levels. As ECT
treatment had previously shown to increase plasma protein PEDF concentration (Ryan et
al.,, 2017) an effect of ketamine was hypothesised. However, an increase was
hypothesised. This is the first study to investigate the effect of ketamine on PEDF, and
no animal data have been published. Therefore, there is no study to directly compare my

results to. In chapter five of this thesis, antidepressants significantly decreased Serpinfl

216



MRNA in cortical astrocytes. It may be possible that gene and protein levels of PEDF are
affected differently in response to treatment. Therefore, measuring PEDF protein would

give a better insight into the functional role of PEDF in response to ketamine.

Based on the mRNA results and the previous work by my lab, an effect on PEDF
protein would be expected. Neither ketamine nor midazolam significantly altered plasma
PEDF protein levels. PEDF protein values increased slightly from 607.3ng/ml to
760ng/ml with ketamine treatment and decreased from 1130.0ng.ml to 865.3ng/ml with
midazolam treatment. There was a high degree of variability with the PEDF protein data,
with a significant difference between the groups at baseline. A reason for this is unclear,
and is possible down the variation between the groups and the small sample number.
Therefore, this study would have to be repeated with a larger sample size. A change in
timing for collection of plasma could also be considered, similar to VEGFA protein a
change in PEDF protein may take longer. For ECT, bloods were taken 1-3 days after a
course of treatment, so a 1 day follow up blood after a single or course of ketamine

infusions could be considered.

6.5.5 Ketamine increases the ratio of VEGFA/SERPINF1 mRNA levels but not the
protein ratio

A close relationship between VEGF and PEDF signalling has been reported in literature
(Falk et al., 2010). The VEGF/PEDF ratio has also been studied as a potential diagnostic
marker, with one study reporting the ratio as a possible diagnostic factor for pre-
eclampsia (Zhang et al., 2018). Therefore, as ketamine increased VEGFA mRNA levels
and decreased SERPINF1 mRNA levels in the KARMA-Dep patients, a relationship
between the two is of interest. As hypothesised, ketamine alone increased the ratio of the

two genes indicating that as VEGFA mRNA levels increase, SERPINF1 mRNA levels
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decrease. Neither ketamine nor midazolam affected this ratio at a protein level. However,
as the protein levels of VEGFA and PEDF were not changed by ketamine a change in the
ratio of the two would not be expected. Reasons for the protein not changing have already
been discussed in sections 6.5.3 and 6.5.6 above. As significant changes were found at
an mRNA level, follow-up studies with the protein as mentioned in these sections may

be important.

To my knowledge, this is the first study to look at the relationship of these two
genes in response to ketamine treatment. The increasing ratio indicated a higher
expression of VEGFA mRNA and lower expression of SERPINF1 mRNA with ketamine
treatment. However, it is difficult to interpret what this means in relation to ketamine
response. In the periphery and retinal cells, VEGF and PEDF signalling has been studied
in relation to angiogenesis and psoriasis (Ohno-Matsui et al., 2001, Yan et al., 2018). In
these published findings, higher levels of VEGF are associated with lower levels of
PEDF, and a balance between the two is reported to be important for normal physiological
function (Yan et al., 2018, Wang et al., 2017, Deeg et al., 2007). In the brain, there is
little reported on the relationship between the two genes. One study does report a positive
relationship between the two proteins, with a positive correlation of the two proteins
reported in the striatum of patients with Parkinson's disease (Yasuda et al., 2007). This
suggests the proteins may react differently in different cell types. As both proteins are
reported to be neurotrophic, exploring this relationship in rodent models of depression,
and investigating the effects of ketamine on these proteins in the CNS, would be of
interest and would give more clarity to the roles of these two genes/proteins and their

signalling in depression.

Further studies with a larger sample size would also be of interest for both protein

and gene expression analysis to determine if there is a change in the protein ratio and if
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this has a role in depression, or a change in mRNA levels could be a more stable marker

with clinical use.

6.5.6 Neither ketamine nor midazolam influence E2F1 mRNA expression

Peripheral whole blood E2F1 mRNA levels were unaffected by ketamine or midazolam
treatment. To date, the study that formed chapter three of this study provides the only
available clinical data on E2F1 and depression (McGrory et al., 2019). E2F1 mRNA was
decreased in patients with depression but remained unchanged by ECT. This may have
been due to the time frame in which post-ECT bloods were taken. For the KARMA-Dep
trial, post-infusion bloods were taken at this same time - 4 hours post the commencement
of infusions. Only a single study has analysed the effects of ketamine on E2F1 signalling
in the mouse brain (Soriano et al., 2010). Ketamine increased the protein expression of
E2F1 and other cell cycle related proteins 6 hours after infusion. This indicates that the
time frame in which bloods were taken in the KARMA-Dep trial could have been
appropriate to detect a change in E2F1 mRNA levels. Therefore, as hypothesised in
section 3.5.6, E2F1 may be involved in the antidepressant response of both ECT and
ketamine in the brain, but this may not translate to a peripheral level. E2F1 mRNA may

not be useful as a clinical marker of depression, or as a marker of treatment response.

6.5.7 Sirtuinl mMRNA levels are elevated 4 hours post ketamine and midazolam
infusions

SIRT1 mRNA levels were increased, but not significantly, following treatment of both
ketamine and midazolam. Although a paired t test reported a significant increase with
ketamine infusion, a repeated measures ANOVA uses bonferroni correction, therefore
which could account for the loss in significance. No study has examined the effect of
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ketamine or midazolam on SIRT1 in patients or in rodent studies. Sub-anesthetic doses
of ketamine have been reported to lower Sirtl mRNA in zebrafish (Zakhary et al., 2011).
It is difficult to interpret in this study if SIRT1 mRNA is increased non-specifically by
both treatments, or if the change is because of diurnal variation. SIRT1 is reported to
follow a diurnal pattern as it is closely linked to circadian genes such as CLOCK (Wallace
et al., 2018, Logan et al., 2018). A second control group, such as a non-active control
such as saline infusion, or a healthy control with bloods taken at the same time points as
the patients receiving infusions, would be needed to establish if this change is due to
diurnal variation or if both drug treatments influence SIRT1. Nonetheless, SIRT1 may

not be a suitable specific marker for response to ketamine treatment.

6.5.8 Limitations of this study

The main limitation of this study is that KARMA-Dep was a pilot trial and the main
purpose was to evaluate feasibility and safety of the trial. It was not intended to test the
efficacy of ketamine over midazolam, or to test for molecular changes in response to
treatments (Arnold et al., 2009, Thabane et al., 2010). Therefore, it was not designed with
the statistical power to detect differences or correlations and all work was exploratory.
Nevertheless, molecular differences were detected. It would be of interest to follow these

up with a bigger cohort, with more power to detect associations with clinical response.

A second limitation is the use of antidepressants throughout the trial. Publications
on molecular changes with ketamine are varied. Some trials take patients off all
medications (Murrough et al., 2013), others do not allow the use of benzodiazepines
because of a possible interaction with ketamine (Phillips et al., 2019) and some allow

medication as usual (Fava et al., 2018). These trials all reported a similar efficacy of
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ketamine. As our patients do not alter their mediation throughout the trial any change in

gene expression is likely because of the use of ketamine.

Finally, molecular analysis was only performed pre/post the first infusion with no
follow up data available. Therefore it is unknown is the changes detected are transient or
if they are sustained for a longer period of time. Follow up data would be of interest to
determine if a sustained effect on gene expression may be linked to response or remission
in patients. For correlation analysis, the time point at which the bloods were taken do not
match the time the CADSS scores were taken. Therefore there may still be some
relationship between VEGFA and SERPINF1 mRNA levels and CADSS scores, future

studies would need to match time points to clarify this.

6.6 Conclusions

Overall, this study indicates that changes in VEGFA and SERPINF1 mRNA levels may
be involved in the molecular response of ketamine. To my knowledge, this is the first
study that reports ketamine alters VEGFA mRNA levels, and is the first to indicate
SERPINF1 mRNA in the antidepressant actions of ketamine. Although this result did not
translate to protein, numbers were low and this study should be repeated in a larger
sample size, and maybe with plasma samples taken at a later time point. Finally, this
study supports a novel role for the relationship between VEGFA and PEDF in ketamine’s
molecular action. Future studies will be needed to clarify how this novel finding is

involved in the molecular effect of ketamine.
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Chapter 7.

Conclusions and Future Directions
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7.1 Introduction

Depression is the most common psychiatric disorder and is now the leading cause of
disability worldwide, contributing substantially to the overall global burden of disease
(WHO, 2017, Vos et al., 2012). Electroconvulsive therapy (ECT) is the most effective
treatment for depression, but due to the limited knowledge of its molecular mechanism
of action and the concern over the cognitive side effects its use is limited (UK ECT
Group, 2003). Ketamine has emerged as a rapid antidepressant therapy for treatment
resistant depression. However, its effects are short lived and its antidepressant molecular
mechanism not fully understood (Duman, 2018). Therefore, the aim of this thesis was to
further the knowledge of the molecular mechanisms of these two treatments. Previous
studies from my lab, a deep-sequencing study and a proteomic study, have implicated
vascular endothelial growth factor-A (VEGFA), E2F1, Sirtuinl (SIRT1) and pigment
epithelial-derived factor (PEDF) in depression (Kolshus et al., 2017, Ryan et al., 2017).

This work presented in this thesis aimed to answer the following questions:

1. Are E2F1 and SIRT1 downregulated in depression at a gene expression level and
does ECT normalise any such changes? As with VEGFA, are these changes more

specific to patients with a psychotic subtype of depression?

2. What cells in the brain express PEDF and do antidepressants alter mRNA levels

and secretion of PEDF in vitro?

3. Does a single ketamine infusion have a similar or different effect on VEGFA,

E2F1, SIRT1 and PEDF as previously reported for ECT?
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7.2 E2F1, depression and ECT

This was the first study that evaluated a role for E2F1 in depression at a clinical level.
E2F1 mRNA levels were downregulated in patients with depression in comparison to
healthy controls. Levels were unchanged by ECT and there were no differences among
the different depressive subgroups (McGrory et al., 2019). As a change in E2F1 mRNA
levels with ECT was expected, as were differences between patients with or without
psychotic features based on my lab’s previous deep sequencing study (Kolshus et al.,
2017), gene expression analysis was conducted on brain tissue and peripheral whole
blood of male rats who had received acute or chronic electroconvulsive stimulation
(ECS). ECS downregulated E2f1 mRNA in the dentate gyrus and there was no peripheral
effect. This indicates that E2F1 may have a role in the molecular mechanism of ECT in
the brain, but it may not be useful as a clinical marker for response to ECT. Clinically, as
a peripheral measurement, this study does not point to any immediate future direction for
E2F1 research. However, cell cycle related proteins are of interest in pre-clinical
depression research given the extensive evidence on reduced brain volumes in depression
and a role for synaptic plasticity in animal models of depression (Duman, 2014, Duman,

2002, Santos et al., 2018, Holmes et al., 2019).

7.3 Sirtuinl, depression and ECT

Before my study, lower levels of peripheral SIRTL mRNA had been reported in
depression by two studies (Abe et al., 2011, Luo and Zhang, 2016) but neither had looked
at the effect of treatment on these levels. Similar to the E2F1 study, SIRT1 mRNA levels
were downregulated in medicated patients with depression in comparison to healthy
controls. Levels were unchanged by ECT and there were no differences among the

patients with or without psychotic depression. There were differences among the bipolar
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and unipolar subgroups, but these were not statistically significant after controlling for
covariates. There was also a trend for an association between a change in SIRT1 mRNA
levels with treatment and a change in HAM-D24 scores; as SIRT1 levels increased,
HAM-D24 scores decreased (McGrory et al., 2018). Although this study did not find any
statistically significant evidence to support the use of SIRT1 as a clinical marker, my

results support replication of the analysis in a larger group of patients.

Prior to correction for covariates, SIRT1 mRNA levels were lower in patients with
bipolar depression in comparison to unipolar depression. Following ECT, these levels
returned to a similar level as the unipolar patients but not to control levels. A previous
study that reported on SIRT1 mRNA in major depressive disorder (n = 20) and bipolar
disorder (n = 12) did not analyse differences between the two subgroups, but in Figure 1
of Abe et al’s (2011) paper SIRT1 mRNA levels in the bipolar group appeared lower (Abe
etal., 2011). As with the study in the present thesis, the number of patients in the bipolar
group was small. This would be interesting to follow up in a larger sample size as it might

represent a biological difference between the two groups.

In patients who responded to ECT and those who attained remission, there was a
trend towards a negative correlation between a change in SIRT1 mRNA levels with ECT
and a change in HAM-D24 scores. As these correlations were exploratory, this would
merit further investigation in a larger cohort. It would also be interesting to measure
SIRT1 mRNA after each ECT session, to determine if a change early on in treatment
might predict if a patient responds to ECT as this would be more clinically useful than

looking at the change between the first and last session.

An important future direction for Sirtuin research in depression would also be to

examine SIRT1 activity in patients with depression. To date, only mRNA levels of SIRT1

225



have been reported. SIRT1 activity, would give a better functional insight into its role in
depression. Animal studies have also reported a change in SIRT1 activity with
antidepressants when there is no change at a gene or protein level (Abe-Higuchi et al.,
2016). Therefore, this might be an important area of research given the role of SIRT1 in

regulating many peripheral systems linked to depression.

As with E2F1, as there was no overall peripheral change, Sirtl mRNA levels in
brain tissue and peripheral whole blood of male rats who had received acute or chronic
ECS were analysed. Sirtl mRNA levels were increased specifically in the hippocampal
formation but no change was observed in the periphery. This may indicate that future
work on SIRT1 in the molecular mechanisms of ECT should focus on the CNS rather

than the periphery.

In conclusion, although I have found some preliminary evidence that SIRT1 might
be useful at a clinical level, research focusing on the CNS may give more insight into its

role in depression and any potential link to the molecular mechanism of ECT.

7.4 The effect of antidepressants on pigment epithelial-derived factor
in vitro

A previously reported proteomics study by my lab identified PEDF as a protein of interest
in depression. In a separate validation study PEDF protein levels were found to be
increased in patients with depression, but then increased further with ECT (Ryan et al.,
2017). As these patients were on medication this thesis hypothesised that antidepressants
might regulate PEDF expression and, as PEDF is neuroprotective, this may be linked to
neuronal plasticity. A series of experiments showed that astrocytes were the main source
of PEDF from neuronal and glial cells. A time and dose response analysis was carried

out with two antidepressants. Fluoxetine did not regulate PEDF expression at any time
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point but imipramine significantly decreased its expression at 24 hours. However,
imipramine did not affect protein levels. Cells were also treated with noradrenaline as
these antidepressants target the monoamine system, and noradrenaline previously
increased PEDF secretion in epithelial cells (Lashbrook and Steinle, 2005). Based on this
study | hypothesised noradrenaline would increase PEDF secretion from astrocytes.
Noradrenaline did not affect PEDF secretion from astrocytes. These results went against
the hypothesis and point to the conclusion that PEDF does not have a role in
antidepressant induced plasticity in the cortex or at least in cultured primary neurons.
However, imipramine and noradrenaline did reduced Serpinfl mRNA. Further studies to
investigate the role of PEDF in animal models of depression, or looking at post-
translational modifications and function of PEDF in response to treatment, would be
useful to explore if PEDF is involved in the molecular pathophysiology of depression. It

Is also possible that PEDF is of more interest at a peripheral level.

7.5 The effect of ketamine on VEGFA, PEDF, E2F1 and Sirtuinl

Ketamine is an emerging effective treatment for treatment resistant depression but its
antidepressant effect is short lived (Duman, 2018). Identifying ketamine’s molecular
targets may help understand its mechanism of action, or identify markers that may predict
response to ketamine. Therefore, my work for this thesis investigated the effects of
ketamine on the peripheral blood levels of genes of interest that were previously
identified in the deep sequencing and proteomics studies by my lab in depressed patient
treated with ECT (Kolshus et al., 2017, Ryan et al., 2017). Of note, increased VEGF
secretion has very recently been implicated in the antidepressant actions of ketamine
(Deyama et al., 2019). VEGF and PEDF signalling are also linked and the two proteins

are reported to regulate each other (Falk et al., 2010). Therefore, the ratio of the two genes
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was also of interest. When changes were identified at a gene level | also performed
analysis of relevant proteins in peripheral blood plasma. As my study used samples from
asmall trial, the KARMA-Dep study, all analysis is exploratory and these are preliminary

results.

7.5.1 Ketamine and vascular endothelial growth factor A

| found that a single dose of ketamine (0.5 mg/kg) increased whole blood peripheral
VEGFA mRNA levels four hours after beginning of a slow 40 min infusion. In contrast
midazolam had no effect. Neither ketamine nor midazolam affected plasma VEGF
protein levels 40 minutes or 4 hours after a single infusion. Animal models have
implicated an increased release of neurotrophins, both brain-derived neurotrophic factor
(BDNF) and VEGF, in the antidepressant mechanism of action of ketamine (Deyama et
al., 2018, Deyama et al., 2019). As BDNF protein levels increase with a single infusion
ketamine (Haile et al., 2014), an increase in VEGFA would be expected. Therefore, the
significant increase in VEGFA mRNA levels were as | had hypothesised. Reports on
plasma/serum neurotrophins in response to ketamine are varied: some report no change
(Rybakowski et al., 2013), others a rapid change (Haile et al., 2014), and others a delayed
change (Allen et al., 2015). Therefore, as plasma sample numbers in my study were small
and only taken 40 minutes and 240 minutes post-infusion, an effect of ketamine on
VEGFA protein cannot be ruled out. Further studies with increased sample numbers and
bloods taken one week post infusion may be of interest. An increase in the mRNA levels
may still be of interest at a clinical level. As the KARMA-Dep trial was a pilot study with
a small sample size there was only a small number of ketamine responders. Repeating
this study in a larger sample size would be of use to access the utility of VEGFA mRNA

levels as a clinical marker of ketamine response.

228



7.5.2 Ketamine and pigment epithelial-derived factor

A single infusion of ketamine moderately decreased whole blood peripheral SERPINF1
(PEDF) mRNA expression 4 hours after the infusion, but this was not significant.
Midazolam had no effect. Neither ketamine nor midazolam significantly affected plasma
PEDF protein levels 40 minutes or 4 hours after a single infusion. Based on previous
work, ECT increases plasma PEDF protein levels (Ryan et al., 2017). Therefore, as ECT
and ketamine have been reported to produce similar effects (Allen et al., 2018a, Allen et
al., 2015), an increase in SERPINF1 mRNA and PEDF protein was hypothesised.
SERPINF1 mRNA levels were decreased (though not statistically significantly so) but a
change in protein levels was not seen. Reasons for no effect of ketamine on PEDF protein
might be similar to those for VEGF protein levels discussed in section 7.5.1 above. Also,
plasma PEDF protein levels were quite variable, ranging from 318 to 2774ng/ml. With a
high level of variability, bigger numbers may be needed to see a statistically significant
effect. As there are no studies to with which to compare an effect of antidepressant
treatment on SERPINF1 mRNA levels, it is possible that gene expression and protein
levels are affected differently. Repeating this study with a larger cohort may therefore be

of interest.

7.5.3 Ketamine and the ratio of VEGFA and PEDF

The relationship between VEGF and PEDF is widely reported in the literature, most often
their roles in regulating angiogenesis (Falk et al., 2010, Zhang et al., 2018, Cai et al.,
2011, Lietal., 2019, Long et al., 2016). A ratio of the two have been reported to play a
role in preeclampsia and infant haemangioma (Zhang et al., 2018, Zhu et al., 2018). As
both genes/proteins have been implicated in depression (Kolshus et al., 2017, Ryan et al.,

2017), investigating their relationship in the response to ketamine was of interest. A
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single infusion of ketamine significantly increased the ratio of VEGFA/SERPINF1
MRNA, with an increase indicating higher VEGFA levels and lower SERPINF1 levels.
No change in the ratio of the protein was reported but as there were no individual changes
this was to be expected. This is the first report of a change in the VEGFA/SERPINF1 ratio
following an antidepressant treatment. A significant change in the gene levels indicates
that this would be worth following up in a larger number of patients. Both PEDF and
VEGFA have been linked to biological pathways that are implicated in depression. PEDF
regulates oxidative stress, inflammation and is neuroprotective (Wang et al., 2019, Yabe
et al., 2005, Tombran-Tink and Barnstable, 2003, Farnoodian et al., 2018). VEGFA has
been linked to inflammation, although the literature is not strong, but has also been
reported to play a role in neurogenesis and neuroprotection (Shim and Madsen, 2018,
Martin et al., 2009, Zhu et al., 2003). Therefore, using rodent models of depression,
investigating how these two proteins interact in depression could lead to a better

understanding of a new interesting pathway relevant to depression.

7.5.4 Ketamine, E2F1 and Sirtuinl

Similar to ECT, there were no statistically significant effects of ketamine or midazolam
on E2F1 or SIRT1 peripheral whole blood mRNA levels. SIRT1 mRNA levels increased
slightly with both ketamine and midazolam treatment. This is possibly due to diurnal
variation. As in the ECT (EFFECT-Dep) study with these genes, the results indicate that
E2F1 and SIRT1 may not be useful as clinical markers and are not involved in the

peripheral blood molecular response to ketamine.
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7.6 Future directions

The results of this thesis point towards further work needed in the role of VEGFA and
PEDF in depression and its treatment. Although the other two genes of interest, E2F1 and
SIRT1, were downregulated in depression, the results of this work indicate that from a
peripheral blood perspective they may not be involved in treatment response. As ECS
increased levels of Sirtl in the hippocampal formation, and decreased E2f1 levels in the
dentate gyrus, investigating their signalling in rodent brains in response to ECS may be
of use, but clinically they may be trait markers of depression. VEGFA mRNA levels, and
the ratio of VEGFA/SERPINF1 mRNA levels, did increase with a single infusion of
ketamine. Therefore, these genes would be of interest in a follow-up, larger trial with
ketamine that is designed for molecular analysis. Comparison of levels with a group of
healthy controls would also be of interest as this has not yet been reported. It would also
be of interest to explore the relationship of VEGFA and PEDF in the brain using rodent
models as current research on their relationship focuses on the peripheral and the retina.

Based on the findings of this thesis the following follow up studies would be of interest:

1. Compare the peripheral blood VEGFA/PEDF mRNA ratio in depressed patients

to healthy controls.

2. Analyse gene expression levels in a larger group of patients pre-/post-infusion

and determine any relationship with response to ketamine.

3. Analyse protein levels in a larger group of patients and over a longer post-infusion

time (1 week).

4. Investigate in a rodent models if VEGFA/PEDF signalling in the brain has a role

in the pathophysiology of depression (using gene knock-out animal models).

5. Investigate the effect of ketamine on VEGFA/PEDF signalling in the rodent brain.
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7.7 Conclusions

Deep-sequencing and proteomic studies, such as the ones on which my thesis work is
based can lead to interesting new discoveries for depression. Overall, the findings in my
work link two proteins of interest from these separate studies, VEGFA and PEDF, as a
potential new signalling pathway in the molecular response to ketamine. Future studies
are needed to investigate if this signalling pathway is also involved in the

pathophysiology of depression.
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Appendix:

Publications and Presentations
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Publications

McGrory CL, Ryan KM, Gallagher B, McLoughlin DM. 2020. Vascular endothelial
growth factor and pigment epithelial-derived factor in the peripheral response to
ketamine. J Affect Disord 273: 380-383.

McGrory CL, Ryan KM, Kolshus E, McLoughlin DM. 2019. Peripheral blood E2F1
MRNA levels in depression following electroconvulsive therapy. Prog
Neuropsychopharmacol Biol Psychiatry 89: 380-385.

McGrory CL, Ryan KM, Kolshus E, Finnegan M, McLoughlin DM. 2018. Peripheral
blood SIRT1 mRNA levels in depression and treatment with electroconvulsive therapy.
Eur Neuropsychopharmacol 28: 1015-1023.

Conference Proceedings

McGrory CL, Ryan KM, McLoughlin DM. Effects of Antidepressants on PEDF
Secretion from Astrocytes & Neuronal Complexity — BNA Festival of Neuroscience,
Dublin, Ireland 2019.

McGrory CL, Ryan KM, McLoughlin DM. Peripheral blood SIRT1 mRNA levels in
depression and treatment with electroconvulsive therapy - 31% ECNP Congress,
Barcelona, Spain 2018.

234



References

235



ABE-HIGUCHI, N., UCHIDA, S., YAMAGATA, H., HIGUCHI, F., HOBARA, T.,
HARA, K., KOBAYASHI, A. & WATANABE, Y. 2016. Hippocampal Sirtuin 1
Signaling Mediates Depression-like Behavior. Biological Psychiatry, 80, 815-
826.

ABE, N., UCHIDA, S., OTSUKI, K., HOBARA, T., YAMAGATA, H., HIGUCHI, F.,
SHIBATA, T. & WATANABE, Y. 2011. Altered sirtuin deacetylase gene
expression in patients with a mood disorder. Journal of Psychiatric Research, 45,
1106-1112.

ALEKSANDROVA, L. R., PHILLIPS, A. G. & WANG, Y. T. 2017. Antidepressant
effects of ketamine and the roles of AMPA glutamate receptors and other
mechanisms beyond NMDA receptor antagonism. Journal of Psychiatry &
Neuroscience, 42, 222-229.

ALFAREZ, D. N., JOELS, M. & KRUGERS, H. J. 2003. Chronic unpredictable stress
impairs long-term potentiation in rat hippocampal CA1 area and dentate gyrus in
vitro. European Journal of Neuroscience, 17, 1928-1934.

ALLAMAN, 1., FIUMELLI, H., MAGISTRETTI, P. J. & MARTIN, J.-L. 2011.
Fluoxetine regulates the expression of neurotrophic/growth factors and glucose
metabolism in astrocytes. Psychopharmacology, 216, 75-84.

ALLEN, A. P.,, NAUGHTON, M., DOWLING, J., WALSH, A., ISMAIL, F.
SHORTEN, G., SCOTT, L., MCLOUGHLIN, D. M., CRYAN, J. F., DINAN, T.
G. & CLARKE, G. 2015. Serum BDNF as a peripheral biomarker of treatment-
resistant depression and the rapid antidepressant response: A comparison of
ketamine and ECT. Journal of Affective Disorders, 186, 306-311.

ALLEN, A. P, NAUGHTON, M., DOWLING, J.,, WALSH, A., O'SHEA, R,
SHORTEN, G., SCOTT, L., MCLOUGHLIN, D. M., CRYAN, J. F., CLARKE,
G. & DINAN, T. G. 2018a. Kynurenine pathway metabolism and the
neurobiology of treatment resistant depression: Comparison of multiple ketamine
infusions and electroconvulsive therapy. Journal of Psychiatric Research, 100,
24-32.

ALLEN, J., ROMAY-TALLON, R., BRYMER, K. J, CARUNCHO, H. J. &
KALYNCHUK, L. E. 2018b. Mitochondria and Mood: Mitochondrial
Dysfunction as a Key Player in the Manifestation of Depression. Frontiers in
Neuroscience, 12, doi: 10.3389/fnins.2018.00386.

ALVES, N. D., CORREIA, J. S., PATRICIO, P., MATEUS-PINHEIRO, A,
MACHADO-SANTOS, A. R., LOUREIRO-CAMPOS, E., MORAIS, M,
BESSA, J. M., SOUSA, N. & PINTO, L. 2017. Adult hippocampal
neuroplasticity triggers susceptibility to recurrent depression. Transl Psychiatry,
7, doi: 10.1038/tp.2017.29.

AMERICAN PSYCHIATRIC ASSOCIATION 2013. Diagnostic and statistical manual
of mental disorders (5th ed.). Washington, DC.

ANDERSON, G. 2018. Linking the biological underpinnings of depression: Role of
mitochondria interactions with melatonin, inflammation, sirtuins, tryptophan
catabolites, DNA repair and oxidative and nitrosative stress, with consequences
for classification and cognition. Progress in Neuro-Psychopharmacology &
Biological Psychiatry, 80, 255-266.

236



ANDREAZZA, A. C. & NIERENBERG, A. A. 2018. Mitochondrial Dysfunction: At the
Core of Psychiatric Disorders? Biological Psychiatry, 83, 718-719.

ANNICOTTE, J. S., BLANCHET, E., CHAVEY, C., IANKOVA, I., COSTES, S.,
ASSOU, S., TEYSSIER, J., DALLE, S., SARDET, C. & FAJAS, L. 2009. The
CDK4-pRB-E2F1 pathway controls insulin secretion. Nature Cell Biology, 11,
1017-1023.

APERIA, B., BERGMAN, H., ENGELBREKTSON, K. THOREN, M. &
WETTERBERG, L. 1985. Effects of electroconvulsive therapy on
neuropsychological function and circulating levels of ACTH, cortisol, prolactin,
and TSH in patients with major depressive illness. 72, 536-541.

ARNOLD, D. M., BURNS, K. E. A., ADHIKARI, N. K. J., KHO, M. E., MEADE, M.
0., COOK, D. J. & MCMASTER CRITICAL CARE, I. 2009. The design and
interpretation of pilot trials in clinical research in critical care. Critical Care
Medicine, 37, S69-S74.

ARNOLD, S. E., XIE, S. X,, LEUNG, Y. Y., WANG, L. S., KLING, M. A., HAN, X,
KIM, E. J, WOLK, D. A, BENNETT, D. A., CHEN-PLOTKIN, A,
GROSSMAN, M., HU, W., LEE, V. M. Y., MACKIN, R. S., TROJANOWSKI,
J.Q., WILSON, R. S., SHAW, L. M. & ALZHEIMER'S DIS NEUROIMAGING,
I. 2012. Plasma biomarkers of depressive symptoms in older adults. Translational
Psychiatry, 2, doi: 10.1038/tp.2011.63.

ASBERG, M. & BERTILSSON, L. 1976. "Serotonin depression” a biochemical
subgroup within the affective disorders? Acta Physiologica Scandinavica, 478-
480.

ASBERG, M., TRASKMAN, L. & THOREN, P. 1976. 5-HIAA in the cerebrospinal
fluid. A biochemical suicide predictor? Archives of General Psychiatry, 33, 1193-
1197.

ASHER, G., GATFIELD, D., STRATMANN, M., REINKE, H., DIBNER, C.,
KREPPEL, F., MOSTOSLAVSKY, R., ALT, F. W. & SCHIBLER, U. 2008.
SIRT1 regulates circadian clock gene expression through PER2 deacetylation.
Cell, 134, 317-328.

AUST, S., GARTNER, M., BASSO, L., OTTE, C., WINGENFELD, K., CHAE, W. R.,
HEUSER-COLLIER, I., REGEN, F., COSMA, N. C., VAN HALL, F., GRIMM,
S. & BAJBOUJ, M. 2019. Anxiety during ketamine infusions is associated with
negative treatment responses in major depressive disorder. European
Neuropsychopharmacology, 29, 529-538.

BAI, Z. G,, BO, A, WU, S. J,, GAI, Q. Y. & CHI, I. 2018. Omega-3 polyunsaturated
fatty acids and reduction of depressive symptoms in older adults: A systematic
review and meta-analysis. Journal of Affective Disorders, 241, 241-248.

BANSAL, Y. & KUHAD, A. 2016. Mitochondrial Dysfunction in Depression. Current
Neuropharmacology, 14, 610-618.

BARTEL, D. P. 2009. MicroRNAs: Target Recognition and Regulatory Functions. Cell,
136, 215-233.

237



BATES, S., PHILLIPS, A. C.,, CLARK, P. A, STOTT, F., PETERS, G., LUDWIG, R.
L. & VOUSDEN, K. H. 1998. p14(ARF) links the tumour suppressors RB and
p53. Nature, 395, 124-125.

BAUDRY, A., MOUILLET-RICHARD, S., SCHNEIDER, B., LAUNAY, J. M. &
KELLERMANN, O. 2010. MiR-16 Targets the Serotonin Transporter: A New
Facet for Adaptive Responses to Antidepressants. Science, 329, 1537-1541.

BECKER, C., HAMMERLE-FICKINGER, A., RIEDMAIER, |. & PFAFFL, M. W.
2010. mRNA and microRNA quality control for RT-gPCR analysis. Methods, 50,
237-243.

BECKHAM, E. & LEBER, W. 1985. Handbook of Depression: Treatment, Assessment,
and Research. Dorsey Press, Homewood IL.

BECKING, K., HAARMAN, B. C. M., GROSSE, L., NOLEN, W. A., CLAES, S.,
AROLT, V., SCHOEVERS, R. A. & DREXHAGE, H. A. 2018. The circulating
levels of CD4+t helper cells are higher in bipolar disorder as compared to major
depressive disorder. Journal of Neuroimmunology, 319, 28-36.

BELZEAUX, R., BERGON, A., JEANJEAN, V., LORIOD, B., FORMISANO-
TREZINY, C., VERRIER, L., LOUNDOU, A., BAUMSTARCK-BARRAU, K.,
BOYER, L., GALL, V., GABERT, J., NGUYEN, C., AZORIN, J. M., NAUDIN,
J. & IBRAHIM, E. C. 2012. Responder and nonresponder patients exhibit
different peripheral transcriptional signatures during major depressive episode.
Translational Psychiatry, 2, doi: 10.1038/tp.2012.112.

BENBOW, S. M. 2002. The practice of electroconvulsive therapy recommendations for
treatment, training and privileging. A task force report of the American
Psychiatric Association, 2nd edition. International Journal of Geriatric
Psychiatry, 17, 1081-1081.

BERENT, D., MACANDER, M., SZEMRAJ, J., ORZECHOWSKA, A. & GALECKI,
P. 2014. Vascular endothelial growth factor A gene expression level is higher in
patients with major depressive disorder and not affected by cigarette smoking,
hyperlipidemia or treatment with statins. Acta Neurobiologiae Experimentalis,
74, 82-90.

BERMAN, R. M., CAPPIELLO, A., ANAND, A., OREN, D. A., HENINGER, G. R.,
CHARNEY, D. S. & KRYSTAL, J. H. 2000. Antidepressant effects of ketamine
in depressed patients. Biological Psychiatry, 47, 351-354.

BERNARDS, R. 1997. E2F: a nodal point in cell cycle regulation. Biochimica Et
Biophysica Acta-Reviews on Cancer, 1333, DOI: 10.1016/s0304-419x(97)00027-
9.

BERTON, O. & NESTLER, E. J. 2006. New approaches to antidepressant drug
discovery: beyond monoamines. Nature Reviews Neuroscience, 7, 137-151.

BERTRAND, R., SOLARY, E., OCONNOR, P., KOHN, K. W. & POMMIER, Y. 1994.
Induction of a common pathway of apoptosis by staurosporine. Experimental Cell
Research, 211, 314-321.

BIENVENU, O. J.,, DAVYDOW, D. S. & KENDLER, K. S. 2011. Psychiatric 'diseases'
versus behavioral disorders and degree of genetic influence. Psychological
Medicine, 41, 33-40.

238



BLACK, C. N., BOT, M., SCHEFFER, P. G., CUIJPERS, P. & PENNINX, B. 2015. Is
depression associated with increased oxidative stress? A systematic review and
meta-analysis. Psychoneuroendocrinology, 51, 164-175.

BLACKET, M. J., ROBIN, C., GOOD, R. T., LEE, S. F. & MILLER, A. D. 2012.
Universal primers for fluorescent labelling of PCR fragments--an efficient and
cost-effective approach to genotyping by fluorescence. Mol Ecol Resour, 12, 456-
63.

BOBULA, B., WABNO, J. & HESS, G. 2011. Imipramine counteracts corticosterone-
induced enhancement of glutamatergic transmission and impairment of long-term
potentiation in the rat frontal cortex. Pharmacol Rep, 63, 1404-12.

BOCCHIO-CHIAVETTO, L., BAGNARDI, V., ZANARDINI, R., MOLTENI, R.,
NIELSEN, M. G., PLACENTINO, A., GIOVANNINI, C., RILLOSI, L.,
VENTRIGLIA, M., RIVA, M. A. & GENNARELLI, M. 2010. Serum and plasma
BDNF levels in major depression: A replication study and meta-analyses. World
Journal of Biological Psychiatry, 11, 763-773.

BOT, M., CHAN, M. K., JANSEN, R., LAMERS, F., VOGELZANGS, N., STEINER,
J.,, LEWEKE, F. M., ROTHERMUNDT, M., COOPER, J., BAHN, S. &
PENNINX, B. 2015. Serum proteomic profiling of major depressive disorder.
Translational Psychiatry, 5, doi: 10.1038/tp.2015.88.

BOUTAHAR, N., REYNAUD, E., LASSABLIERE, F. & BORG, J. 2010. Brain-
Derived Neurotrophic Factor Inhibits Cell Cycle Reentry but Not Endoplasmic
Reticulum Stress in Cultured Neurons Following Oxidative or Excitotoxic Stress.
Journal of Neuroscience Research, 88, 2263-2271.

BREITENSTEIN, A., WYSS, C. A., SPESCHA, R. D., FRANZECK, F. C., HOF, D.,
RIWANTO, M., HASUN, M., AKHMEDOV, A., VON ECKARDSTEIN, A.,
MAIER, W., LANDMESSER, U., LUSCHER, T. F. & CAMICI, G. G. 2013.
Peripheral Blood Monocyte Sirtl Expression Is Reduced in Patients with
Coronary Artery Disease. Plos One, 8, doi: 10.1371/journal.pone.0053106.

BREMNER, J. D., KRYSTAL, J. H.,, PUTNAM, F. W., SOUTHWICK, S. M,,
MARMAR, C., CHARNEY, D. S. & MAZURE, C. M. 1998. Measurement of
dissociative states with the Clinician-Administered Dissociative States Scale
(CADSS). Journal of Traumatic Stress, 11, 125-136.

BRENMOEHL, J. & HOEFLICH, A. 2013. Dual control of mitochondrial biogenesis by
sirtuin 1 and sirtuin 3. Mitochondrion, 13, 755-761.

BROOKS, C. L. & GU, W. 2008. How does SIRT1 affect metabolism, senescence and
cancer? Nature Reviews Cancer, 9, 123-128.

BULER, M., ANDERSSON, U. & HAKKOLA, J. 2016. Who watches the watchmen?
Regulation of the expression and activity of sirtuins. Faseb Journal, 30, 3942-
3960.

CAHOY, J. D.,, EMERY, B., KAUSHAL, A. FOO, L. C.,, ZAMANIAN, J. L.,
CHRISTOPHERSON, K. S., XING, Y., LUBISCHER, J. L., KRIEG, P. A,
KRUPENKO, S. A, THOMPSON, W. J. & BARRES, B. A. 2008. A
transcriptome database for astrocytes, neurons, and oligodendrocytes: A new
resource for understanding brain development and function. Journal of
Neuroscience, 28, 264-278.

239



CAIL H. Q., CATTS, V.S., WEBSTER, M. J., GALLETLY, C., LIU, D., O'DONNELL,
M., WEICKERT, T. W. & WEICKERT, C. S. 2018. Increased macrophages
and changed brain endothelial cell gene expression in the frontal cortex of people
with schizophrenia displaying inflammation. Molecular Psychiatry, doi:
10.1038/s41380-018-0235-x.

CAl, J., JIANG, W. G., GRANT, M. B. & BOULTON, M. 2006. Pigment epithelium-
derived factor inhibits angiogenesis via regulated intracellular proteolysis of
vascular endothelial growth factor receptor 1. Journal of Biological Chemistry,
281, 3604-3613.

CAl J., WU, L., Ql, X. P,, CALZI, S. L., CABALLERO, S., SHAW, L., RUAN, Q.,
GRANT, M. B. & BOULTON, M. E. 2011. PEDF Regulates Vascular
Permeability by a gamma-Secretase-Mediated Pathway. Plos One, 6, doi:
10.1371/journal.pone.0021164.

CAI, N., BIGDELI, T. B.,, KRETZSCHMAR, W., L1, Y. H,, LIANG, J. Q., SONG, L.,
HU, J. C,, LI, Q. B., JIN, W., HU, Z. F.,, WANG, G. B., WANG, L. M., QIAN,
P.Y. LIU, Y, JIANG, T., LU, Y., ZHANG, X. Q.,, YIN, Y, LI, Y. R., XU, X,
GAO, J. F., REIMERS, M., WEBB, T., RILEY, B., BACANU, S., PETERSON,
R. E., CHEN, Y. P., ZHONG, H,, LIU, Z. R., WANG, G., SUN, J., SANG, H.,
JIANG, G. Q., ZHOU, X. Y., LI, Y., LI, Y. ZHANG, W., WANG, X. Y., FANG,
X.,PAN,R.D.,MIAQ, G.D.,ZHANG, Q. W.,HU, J., YU, F. Y., DU, B., SANG,
W. H., LI, K. Q., CHEN, G. B., CAIl, M., YANG, L. J,, YANG, D. L., HA, B.
W.,HONG, X. H.,DENG, H.,LI,G.Y.,LI,K,SONG, Y., GAO, S. G., ZHANG,
J.B., GAN, Z. Y., MENG, H. Q., PAN, J. Y., GAOQ, C. G., ZHANG, K. R., SUN,
N., LI, Y. H.,, NIU, Q. H., ZHANG, Y. T, LIU, T. Q., HU, C. M., ZHANG, Z.,
LV, L. X,, DONG, J. C., WANG, X. P.,, TAO, M., WANG, X. M., XIA, J.,
RONG, H., HE, Q., LIU, T. B., HUANG, G. P., MEI, Q. Y., SHEN, Z. M., LIU,
Y., SHEN, J. H,, TIAN, T., LIU, X. J,, WU, W. Y., GU, D. H,, FU, G. Y., SHI,
J.G.,CHEN, Y.C.,GAN, X.C.,LIU, L. F., WANG, L. N., YANG, F. Z., CONG,
E. Z.,, MARCHINI, J., YANG, H. M., WANG, J., et al. 2015. Sparse whole-
genome sequencing identifies two loci for major depressive disorder. Nature, 523,
588-591.

CAMPBELL, S., MARRIOTT, M., NAHMIAS, C. & MACQUEEN, G. M. 2004. Lower
hippocampal volume in patients suffering from depression: A meta-analysis.
American Journal of Psychiatry, 161, 598-607.

CANO, M., MARTINEZ-ZALACAIN, |, BERNABEU-SANZ, A., CONTRERAS-
RODRIGUEZ, O., HERNANDEZ-RIBAS, R., VIA, E., DE ARRIBA-ARNAU,
A., GALVEZ, V., URRETAVIZCAYA, M., PUJOL, J.,, MENCHON, J. M.,
CARDONER, N. & SORIANO-MAS, C. 2017. Brain volumetric and metabolic
correlates of electroconvulsive therapy for treatment-resistant depression: a
longitudinal neuroimaging study. Translational Psychiatry, 7, doi:
10.1038/tp.2016.267.

CAO,B., LUO,Q. H.,FU, Y. X,, DU, L., QIU, T., YANG, X. Y., CHEN, X. L., CHEN,
Q.B.,SOARES,J.C.,CHO,R. Y., ZHANG, X. Y. &QIU, H. T. 2018. Predicting
Individual Responses to the Electroconvulsive Therapy With Hippocampal
Subfield Volumes in Major Depression Disorder. Biological Psychiatry, 83, doi:
10.1038/s41598-018-23685-9.

240



CAPURON, L., HAUSER, P., HINZE-SELCH, D., MILLER, A. H. & NEVEU, P. J.
2002. Treatment of cytokine-induced depression. Brain, Behavior, and Immunity,
16, 575-580.

CARBONI, L. 2015. The contribution of proteomic studies in humans, animal models,
and after antidepressant treatments to investigate the molecular neurobiology of
major depression. Proteomics Clinical Applications, 9, 889-898.

CARTER, M. & SHIEH, J. 2015. Cell Culture Techniques. In: CARTER, M. & SHIEH,
J. (eds.) Guide to Research Techniques in Neuroscience (Second Edition). San
Diego: Academic Press.

CASTREN, E. & KOJIMA, M. 2017. Brain-derived neurotrophic factor in mood
disorders and antidepressant treatments. Neurobiology of Disease, 97, 119-126.

CERLETTI, U. & BINI, L. 1938. Un nuovo metodo di shockterapie: ‘1’ elettroshock’
(riassunto). Reale Accademia Medica, (Communicazione alla seduta del 28
maggio 1938-XVI della

Reale Accademia Medica di Roma.), Rome.

CHANG, C.C.,JOU,S. H.,LIN, T.T., LAIL, T.J. & LIU, C. S. 2015. Mitochondria DNA
Change and Oxidative Damage in Clinically Stable Patients with Major
Depressive Disorder. Plos One, 10, doi: 10.1371/journal.pone.0125855.

CHELLAPPAN, S. P., HIEBERT, S., MUDRYJ, M., HOROWITZ, J. M. & NEVINS, J.
R. 1991. The E2F transcription factor is a cellular target for the RB protein. Cell,
65, 1053-1061.

CHEN, J., ZHOU, Y. G., MUELLER-STEINER, S., CHEN, L. F., KWON, H., YI, S. L.,
MUCKE, L. & LI, G. 2005. SIRT1 protects against microglia-dependent
amyloid-beta toxicity through inhibiting NF-kappa B signaling. Journal of
Biological Chemistry, 280, 40364-40374.

CHEN, M. H,, LI, C. T., LIN, W. C., HONG, C. J.,, TU, P. C,, BAI, Y. M., CHENG, C.
M. & SU, T. P. 2018. Rapid inflammation modulation and antidepressant efficacy
of a low-dose ketamine infusion in treatment-resistant depression: A randomized,
double-blind control study. Psychiatry Research, 269, 207-211.

CHOU, C. H., CHANG, N. W., SHRESTHA, S., HSU, S. D,, LIN, Y. L., LEE, W. H.,
YANG, C.D.,HONG, H.C., WEI, T.Y.,TU,S.J,, TSAI, T.R.,HO, S. Y., JIAN,
T.Y.,WU, H. Y., CHEN, P. R., LIN, N. C.,, HUANG, H. T., YANG, T. L., PAI,
C. Y. TAI C. S,, CHEN, W. L., HUANG, C. Y., LIU, C. C.,, WENG, S. L.,
LIAO, K. W., HSU, W. L. & HUANG, H. D. 2016. miRTarBase 2016: updates
to the experimentally validated miRNA-target interactions database. Nucleic
Acids Research, 44, D239-D247.

CHUNG, S., KIM, H.J,, YOON, I. S, KIM, H. J., CHOI, S. H., KIM, Y. S. & SHIN, K.
H. 2013. Electroconvulsive Shock Increases SIRT1 Immunoreactivity in the
Mouse Hippocampus and Hypothalamus. Journal of Ect, 29, 93-100.

CIOBANU, L. G.,, SACHDEV, P. S., TROLLOR, J. N., REPPERMUND, S.,
THALAMUTHU, A., MATHER, K. A., COHEN-WOODS, S. & BAUNE, B. T.
2016. Differential gene expression in brain and peripheral tissues in depression
across the life span: A review of replicated findings. Neuroscience and
Biobehavioral Reviews, 71, 281-293.

241



CLARKE, M., RAZMJOU, S., PROWSE, N., DWYER, Z., LITTELJOHN, D., PENTZ,
R., ANISMAN, H. & HAYLEY, S. 2017. Ketamine modulates hippocampal
neurogenesis and pro-inflammatory cytokines but not stressor induced
neurochemical changes. Neuropharmacology, 112, 210-220.

CLEVENGER, S. S., MALHOTRA, D., DANG, J., VANLE, B. & ISHAK, W. W. 2018.
The role of selective serotonin reuptake inhibitors in preventing relapse of major
depressive disorder. Therapeutic Advances in Psychopharmacology, 8, 49-58.

COMES, A. L., PAPIOL, S., MUELLER, T., GEYER, P. E., MANN, M. & SCHULZE,
T. G. 2018. Proteomics for blood biomarker exploration of severe mental illness:
pitfalls of the past and potential for the future. Translational Psychiatry, 8, doi:
10.1038/s41398-018-0219-2.

COTTER, D. R,, PARIANTE, C. M. & EVERALL, I. P. 2001. Glial cell abnormalities
in major psychiatric disorders: The evidence and implications. Brain Research
Bulletin, 55, 585-595.

CROARKIN, P. E. & MACMASTER, F. P. 2019. Transcranial Magnetic Stimulation for
Adolescent Depression. Child and Adolescent Psychiatric Clinics of North
America, 28, 33-43.

CUWPERS, P., DEKKER, J., HOLLON, S. D. & ANDERSSON, G. 2009. Adding
Psychotherapy to Pharmacotherapy in the Treatment of Depressive Disorders in
Adults: A Meta-Analysis. Journal of Clinical Psychiatry, 70, 1219-1229.

CUUUPERS, P., GERAEDTS, A. S, VAN OPPEN, P., ANDERSSON, G.,
MARKOWITZ, J. C. & VAN STRATEN, A. 2011. Interpersonal Psychotherapy
for Depression: A Meta-Analysis. American Journal of Psychiatry, 168, 581-592.

DANIELEWICZ, J., TRENK, A. & HESS, G. 2017. Imipramine ameliorates early life
stress-induced alterations in synaptic plasticity in the rat lateral amygdala.
Behavioural Brain Research, 317, 319-326.

DANTZER, R., O'CONNOR, J. C., FREUND, G. G., JOHNSON, R. W. & KELLEY, K.
W. 2008. From inflammation to sickness and depression: when the immune
system subjugates the brain. Nature Reviews Neuroscience, 9, 46-57.

DAVIS, I. & LIU, A. 2015. What is the tryptophan kynurenine pathway and why is it
important to neurotherapeutics? Expert review of neurotherapeutics, 15, 719-721.

DAY, J. S, O'NEILL, E.,, CAWLEY, C., ARETZ, N. K., KILROY, D., GIBNEY, S. M.,
HARKIN, A. & CONNOR, T. J. 2014. Noradrenaline acting on astrocytic
beta(2)-adrenoceptars induces neurite outgrowth in primary cortical neurons.
Neuropharmacology, 77, 234-248.

DE MELLO, M. F., MARI, J. D, BACALTCHUK, J., VERDELI, H. &
NEUGEBAUER, R. 2005. A systematic review of research findings on the
efficacy of interpersonal therapy for depressive disorders. European Archives of
Psychiatry and Clinical Neuroscience, 255, 75-82.

DE SOUSA, R. T., UNO, M., ZANETTI, M. V., SHINJO, S. M. O., BUSATTO, G. F,,
GATTAZ, W. F.,, MARIE, S. K. N. & MACHADO-VIEIRA, R. 2014. Leukocyte
mitochondrial DNA copy number in bipolar disorder. Progress in Neuro-
Psychopharmacology & Biological Psychiatry, 48, 32-35.

242



DEAKIN, J. F. W., OWEN, F., CROSS, A. J. & DASHWOOQOD, M. J. 1981. STUDIES
ON POSSIBLE MECHANISMS OF ACTION OF ELECTROCONVULSIVE-
THERAPY - EFFECTS OF REPEATED ELECTRICALLY INDUCED
SEIZURES ON RAT-BRAIN RECEPTORS FOR MONOAMINES AND
OTHER NEUROTRANSMITTERS. Psychopharmacology, 73, 345-349.

DECOSTER, M. A., SCHABELMAN, E., TOMBRAN-TINK, J. & BAZAN, N. G.
1999. Neuroprotection by pigment epithelial-derived factor against glutamate
toxicity in developing primary hippocampal neurons. Journal of Neuroscience
Research, 56, 604-610.

DEEG, C. A., ALTMANN, F., HAUCK, S. M., SCHOEFFMANN, S., AMANN, B.,
STANGASSINGER, M. & UEFFING, M. 2007. Down-regulation of pigment
epithelium-derived factor in uveitic lesion associates with focal vascular
endothelial growth factor expression and breakdown of the blood-retinal barrier.
Proteomics, 7, 1540-1548.

DEGREGORI, J. & JOHNSON, D. G. 2006. Distinct and overlapping roles for E2F
family members in transcription, proliferation and apoptosis. Current Molecular
Medicine, 6, 739-748.

DEGREGORI, J.,, KOWALIK, T. & NEVINS, J. R. 1995. Cellular targets for activation
by the E2F1 transcription factor include DNA synthesis- and G1/S-regulatory
genes. Molecular and Cellular Biology, 15, 4215-4224.

DELGADO, P. L. 2000. Depression: The case for a monoamine deficiency. Journal of
Clinical Psychiatry, 61, 7-11.

DENECHAUD, P. D., FAJAS, L. & GIRALT, A. 2017. E2F1, a Novel Regulator of
Metabolism. Frontiers in Endocrinology, 8, doi: 10.3389/fendo.2017.00311.

DEYAMA, S., BANG, E., KATO, T., LI, X. Y. & DUMAN, R. S. 2018. Neurotrophic
and Antidepressant Actions of Brain-Derived Neurotrophic Factor Require
Vascular Endothelial Growth Factor. Biol Psychiatry, 86, 143-152.

DEYAMA, S., BANG, E., WOHLEB, E. S., LI, X. Y., KATO, T., GERHARD, D. M.,
DUTHEIL, S., DWYER, J. M., TAYLOR, S. R., PICCIOTTO, M. R. &
DUMAN, R. S. 2019. Role of Neuronal VEGF Signaling in the Prefrontal Cortex
in the Rapid Antidepressant Effects of Ketamine. Am J Psychiatry, 176, 388-400.

DIAZ, R., SILVA, J., GARCIA, J. M., LORENZO, Y., GARCIA, V., PENA, C,,
RODRIGUEZ, R., MUNOZ, C., GARCIA, F., BONILLA, F. & DOMINGUEZ,
G. 2008. Deregulated expression of miR-106a predicts survival in human colon
cancer patients. Genes Chromosomes & Cancer, 47, 794-802.

DIMRI, G. P., ITAHANA, K., ACOSTA, M. & CAMPISI, J. 2000. Regulation of a
senescence checkpoint response by the E2F1 transcription factor and p14(ARF)
tumor suppressor. Molecular and Cellular Biology, 20, 273-285.

DIMRI, G. P.,, NAKANISHI, M., DESPREZ, P. Y., SMITH, J. R. & CAMPISI, J. 1996.
Inhibition of E2F activity by the cyclin-dependent protein kinase inhibitor p21 in
cells expressing or lacking a functional retinoblastoma protein. Molecular and
Cellular Biology, 16, 2987-2997.

DITZEN, C., TANG, N., JASTORFF, A. M., TEPLYTSKA, L., YASSOURIDIS, A.,
MACCARRONE, G., UHR, M., BRONISCH, T., MILLER, C. A., HOLSBOER,

243



F. & TURCK, C. W. 2012. Cerebrospinal Fluid Biomarkers for Major Depression
Confirm Relevance of Associated Pathophysiology. Neuropsychopharmacology,
37, 1013-1025.

DOMENICI, E., WILLE, D. R., TOZZI, F., PROKOPENKO, I., MILLER, S,
MCKEOWN, A., BRITTAIN, C., RUJESCU, D., GIEGLING, I., TURCK, C.
W., HOLSBOER, F., BULLMORE, E. T., MIDDLETON, L., MERLO-PICH, E.,
ALEXANDER, R. C. & MUGLIA, P. 2010. Plasma Protein Biomarkers for
Depression and Schizophrenia by Multi Analyte Profiling of Case-Control
Collections. Plos One, 5, doi: 10.1371/journal.pone.0009166.

DOMINY, J. E., LEE, Y., GERHART-HINES, Z. & PUIGSERVER, P. 2010. Nutrient-
dependent regulation of PGC-1 alpha's acetylation state and metabolic function
through the enzymatic activities of Sirtl/GCN5. Biochimica Et Biophysica Acta-
Proteins and Proteomics, 1804, 1676-1683.

DUMAN, R. 2018. Ketamine and rapid-acting antidepressants: a new era in the battle
against depression and suicide. F1000Research, 7, doi:
10.12688/f1000research.14344.1.

DUMAN, R. S. 2002. Pathophysiology of depression: the concept of synaptic plasticity.
European Psychiatry, 17, 306S-310S.

DUMAN, R. S. 2014. Neurobiology of stress, depression, and rapid acting
antidepressants: remodeling synaptic connections. Depression and Anxiety, 31,
291-296.

DUMAN, R. S. & LI, N. X. 2012. A neurotrophic hypothesis of depression: role of
synaptogenesis in the actions of NMDA receptor antagonists. Philosophical
Transactions of the Royal Society B-Biological Sciences, 367, 2475-2484.

DUMAN, R. S., MALBERG, J. & THOME, J. 1999. Neural plasticity to stress and
antidepressant treatment. Biological Psychiatry, 46, 1181-1191.

DUMAN, R. S. & MONTEGGIA, L. M. 2006. A neurotrophic model for stress-related
mood disorders. Biological Psychiatry, 59, 1116-1127.

DUNCAN, W. C., SARASSO, S., FERRARELLI, F., SELTER, J., RIEDNER, B. A,
HEJAZI, N. S., YUAN, P. X., BRUTSCHE, N., MANJI, H. K., TONONI, G. &
ZARATE, C. A. 2013. Concomitant BDNF and sleep slow wave changes indicate
ketamine-induced plasticity in major depressive disorder. International Journal
of Neuropsychopharmacology, 16, 301-311.

DWIVEDI, Y. 2014. Emerging role of microRNAs in major depressive disorder:
diagnosis and therapeutic implications. Dialogues in Clinical Neuroscience, 16,
43-61.

EICHLER, W., SAVKOVIC-CVUIC, H., BURGER, S., BECK, M., SCHMIDT, M.,
WIEDEMANN, P., REICHENBACH, A. & UNTERLAUFT, J. D. 2017. Muller
Cell-Derived PEDF Mediates Neuroprotection via STAT3 Activation. Cell
Physiol Biochem, 44, 1411-1424,

ERTOSUN, M. G., HAPIL, F. Z. & OZES, O. N. 2016. E2F1 transcription factor and its
impact on growth factor and cytokine signaling. Cytokine & Growth Factor
Reviews, 31, 17-25.

244



FAJAS, L., LANDSBERG, R. L., HUSS-GARCIA, Y., SARDET, C,, LEES, J. A. &
AUWERX, J. 2002. E2Fs regulate adipocyte differentiation. Developmental Cell,
3, 39-49.

FALK, T., GONZALEZ, R. T. & SHERMAN, S. J. 2010. The Yin and Yang of VEGF
and PEDF: Multifaceted Neurotrophic Factors and Their Potential in the
Treatment of Parkinson's Disease. Int J Mol Sci, 11, 2875-2900.

FAN, N., ZHANG, M. L., XU, K., KE, X. Y., DING, Y., WANG, D. P, LIU, Y. P.,
NING, Y.P., DENG, X. F. & HE, H. B. 2015. Serum level of vascular endothelial
growth factor decreased in chronic ketamine abusers. Drug Alcohol Depend, 152,
57-61.

FARNOODIAN, M., SORENSON, C. M. & SHEIBANI, N. 2018. PEDF expression
affects the oxidative and inflammatory state of choroidal endothelial cells.
American Journal of Physiology-Cell Physiology, 314, C456-C472.

FAVA, M., FREEMAN, M. P., FLYNN, M., JUDGE, H., HOEPPNER, B. B., CUSIN,
C., IONESCU, D. F., MATHEW, S. J., CHANG, L. C., IOSIFESCU, D. V.,
MURROUGH, J., DEBATTISTA, C., SCHATZBERG, A. F., TRIVEDI, M. H.,
JHA, M. K., SANACORA, G., WILKINSON, S. T. & PAPAKOSTAS, G. I.
2018. Double-blind, placebo-controlled, dose-ranging trial of intravenous
ketamine as adjunctive therapy in treatment-resistant depression (TRD). Mol
Psychiatry, doi: 10.1038/s41380-018-0256-5.

FERGUSON, J. M. 2001. SSRI Antidepressant Medications: Adverse Effects and
Tolerability. Primary care companion to the Journal of clinical psychiatry, 3, 22-
27.

FERLAND, C. L., HAWLEY, W. R., PUCKETT, R. E., WINEBERG, K., LUBIN, F.
D., DOHANICH, G. P. & SCHRADER, L. A. 2013. Sirtuin Activity in Dentate
Gyrus Contributes to Chronic Stress-Induced Behavior and Extracellular Signal-
Regulated Protein Kinases 1 and 2 Cascade Changes in the Hippocampus.
Biological Psychiatry, 74, 927-935.

FIRST, M., SPITZER, R., WILLIAMS, J. & JANET, B. 1995. Structured Clinical
Interview for DSM-IV-TR Axis | Disorders, Research Version. New York State
Psychiatric Institute, New York Patient ed.

FIRST, M., SPITZER, R. L., GIBBON, M. L. & WILLIAMS, J. 2002. Structured clinical
interview for DSM-IV-TR Axis | Disorders, Research Version, Non-patient
Edition.

FLUITMAN, S., HEIUNEN, C. J., DENYS, D., NOLEN, W. A,, BALK, F. J. &
WESTENBERG, H. G. M. 2011. Electroconvulsive therapy has acute
immunological and neuroendocrine effects in patients with major depressive
disorder. Journal of Affective Disorders, 131, 388-392.

FOGACA, M. V. & DUMAN, R. S. 2019. Cortical GABAergic Dysfunction in Stress
and Depression: New Insights for Therapeutic Interventions. Frontiers in Cellular
Neuroscience, 13, https://doi.org/10.3389/fncel.2019.00087.

FORNARO, M., ROCCHI, G., ESCELSIOR, A., CONTINI, P., GHIO, M,
COLICCHIO, S., DE BERARDIS, D., AMORE, M., FORNARO, P. &
MARTINO, M. 2013. VEGF plasma level variations in duloxetine-treated
patients with major depression. Journal of Affective Disorders, 151, 590-595.

245



FRESCAS, D., VALENTI, L. & ACCILI, D. 2005. Nuclear trapping of the forkhead
transcription factor FoxO1 via Sirt-dependent deacetylation promotes expression
of glucogenetic genes. Journal of Biological Chemistry, 280, 20589-20595.

FRODL, T. & O'KEANE, V. 2013. How does the brain deal with cumulative stress? A
review with focus on developmental stress, HPA axis function and hippocampal
structure in humans. Neurobiology of Disease, 52, 24-37.

FURTADO, M. & KATZMAN, M. A. 2015. Examining the role of neuroinflammation
in major depression. Psychiatry Research, 229, 27-36.

GAO, J.,, WANG, W. Y., MAO, Y. W,, GRAFF, J., GUAN, J. S, PAN, L., MAK, G.,
KIM, D., SU, S. C. & TSAI, L. H. 2010. A novel pathway regulates memory and
plasticity via SIRT1 and miR-134. Nature, 466, 1105-1109.

GARNAAT, S. L., YUAN, S.,, WANG, H., PHILIP, N. S. & CARPENTER, L. L. 2018.
Updates on Transcranial Magnetic Stimulation Therapy for Major Depressive
Disorder. Psychiatric Clinics of North America, 41, 419-431.

GARTEL, A. L., NAIMABADI, F., GOUFMAN, E. & TYNER, A. L. 2000. A role for
E2F1 in Ras activation of p21(WAF1/CIP1) transcription. Oncogene, 19, 961-
964.

GBYL, K. & VIDEBECH, P. 2018. Electroconvulsive therapy increases brain volume in
major depression: a systematic review and meta-analysis. Acta Psychiatrica
Scandinavica, 138, 180-195.

GERHART-HINES, Z., DOMINY, J. E., BLATTLER, S. M., JEDRYCHOWSKI, M. P.,
BANKS, A. S., LIM, J. H., CHIM, H., GYGI, S. P. & PUIGSERVER, P. 2011.
The cAMP/PKA Pathway Rapidly Activates SIRT1 to Promote Fatty Acid
Oxidation Independently of Changes in NAD(+). Molecular Cell, 44, 851-863.

GINSBERG, D. 2002. E2F1 pathways to apoptosis. Febs Letters, 529, 122-125.

GLOVATCHCKA, V., ENNES, H., MAYER, E. A. & BRADESI, S. 2012. Chronic
Stress-Induced Changes in Pro-Inflammatory Cytokines and Spinal Glia Markers
in the Rat: A Time Course Study. Neuroimmunomodulation, 19, 367-376.

GREENBERG, R. M. & KELLNER, C. H. 2005. Electroconvulsive therapy - A selected
review. American Journal of Geriatric Psychiatry, 13, 268-281.

GROSSE, L., CARVALHO, L. A., BIRKENHAGER, T. K., HOOGENDIK, W. J.,
KUSHNER, S. A., DREXHAGE, H. A. & BERGINK, V. 2016. Circulating
cytotoxic T cells and natural killer cells as potential predictors for antidepressant
response in melancholic depression. Restoration of T regulatory cell populations
after antidepressant therapy. Psychopharmacology, 233, 1679-1688.

GRUZDEV, S. K., YAKOVLEV, A. A, DRUZHKOVA, T. A, GUEKHT, A. B. &
GULYAEVA, N. V. 2019. The Missing Link: How Exosomes and miRNAS can
Help in Bridging Psychiatry and Molecular Biology in the Context of Depression,
Bipolar Disorder and Schizophrenia. Cellular and Molecular Neurobiology, doi:
10.1007/s10571-019-00684-6.

GUEST, P. C., GUEST, F. L. & MARTINS-DE SOUZA, D. 2016. Making Sense of
Blood-Based Proteomics and Metabolomics in Psychiatric Research.
International Journal of Neuropsychopharmacology, 19, doi:
10.1093/ijnp/pyv138.

246



GUO, P.,, Pl H. F,, XU, S. C., ZHANG, L., LI, Y. M., LI, M., CAO, Z. W,, TIAN, L.,
XIE, J., LI, R. Y., HE, M. D,, LU, Y. H,, LIU, C., DUAN, W. X., YU, Z. P. &
ZHOU, Z. 2014. Melatonin Improves Mitochondrial Function by Promoting
MTL1/SIRT1/PGC-1 Alpha-Dependent Mitochondrial Biogenesis in Cadmium-
Induced Hepatotoxicity In Vitro. Toxicological Sciences, 142, 182-195.

GUPTA, V. K., YOU, Y. Y., GUPTA, V. B., KLISTORNER, A. & GRAHAM, S. L.
2013. TrkB Receptor Signalling: Implications in Neurodegenerative, Psychiatric
and Proliferative Disorders. International Journal of Molecular Sciences, 14,
10122-10142.

HACIMUSALAR, Y. & ESEL, E. 2018. Suggested Biomarkers for Major Depressive
Disorder. Noropsikiyatri Arsivi-Archives of Neuropsychiatry, 55, 280-290.

HAIGIS, M. C. & GUARENTE, L. P. 2006. Mammalian sirtuins - emerging roles in
physiology, aging, and calorie restriction. Genes & Development, 20, 2913-2921.

HAIGIS, M. C. & SINCLAIR, D. A. 2010. Mammalian Sirtuins: Biological Insights and
Disease Relevance. Annual Review of Pathology-Mechanisms of Disease, 5, 253-
295.

HAILE, C. N., MURROUGH, J. W., IOSIFESCU, D. V., CHANG, L. C., AL JURDI, R.
K., FOULKES, A., IQBAL, S., MAHONEY, J. J.,, DE LA GARZA, R,
CHARNEY, D. S., NEWTON, T. F. & MATHEW, S. J. 2014. Plasma brain
derived neurotrophic factor (BDNF) and response to ketamine in treatment-
resistant depression. International Journal of Neuropsychopharmacology, 17,
331-336.

HAN, K. M., DE BERARDIS, D., FORNARO, M. & KIM, Y. K. 2018. Differentiating
between bipolar and unipolar depression in functional and structural MRI studies.
Progress in Neuropsychopharmacology & Biological Psychiatry, doi:
10.1016/j.pnpbp.2018.03.022.

HAN, Y., CHEN, J. J., ZOU, D. Z., ZHENG, P., LI, Q., WANG, H. Y., LI, P. F., ZHOU,
X. Y., ZHANG, Y. Q. LIU, Y. Y. & XIE, P. 2016. Efficacy of ketamine in the
rapid treatment of major depressive disorder: a meta-analysis of randomized,
double-blind, placebo-controlled studies. Neuropsychiatric Disease and
Treatment, 12, 2859-2867.

HARKIN, A. & MCLOUGHLIN, D. M. 2019. Ketamine and depression: A special kase
for kynurenic acid? Brain, Behavior, and Immunity, 75, 10-11.

HE, X., CHENG, R., BENYAJATI, S. & MA, J. X. 2015. PEDF and its roles in
physiological and pathological conditions: implication in diabetic and hypoxia-
induced angiogenic diseases. Clin Sci (Lond), 128, 805-23.

HE, Y., TANG, J, LI, Z., LI, H,, LIAO, Y., TANG, Y., TAN, L., CHEN, J., XIA, K. &
CHEN, X. 2014. Leukocyte Mitochondrial DNA Copy Number in Blood Is Not
Associated with Major Depressive Disorder in Young Adults. PLOS ONE, 9, doi:
10.1371/journal.pone.00968609.

HELIN, K., HARLOW, E. & FATTAEY, A. 1993. Inhibition of E2F-1 transactivation
by direct binding of the retinoblastoma protein. Molecular and Cellular Biology,
13, 6501-6508.

247



HELLEMANS, J., MORTIER, G., DE PAEPE, A., SPELEMAN, F. &
VANDESOMPELE, J. 2007. gBase relative quantification framework and
software for management and automated analysis of real-time quantitative PCR
data. Genome Biology, 8, doi: 10.1186/gb-2007-8-2-r19.

HENRY, C. J.,, HUANG, Y., WYNNE, A., HANKE, M., HIMLER, J., BAILEY, M. T.,
SHERIDAN, J. F. & GODBOUT, J. P. 2008. Minocycline attenuates
lipopolysaccharide (LPS)-induced neuroinflammation, sickness behavior, and
anhedonia. Journal of Neuroinflammation, 5, doi: 10.1186/1742-2094-5-15.

HERBERT, J.,, GOODYER, I. M., GROSSMAN, A. B., HASTINGS, M. H., DE
KLOET, E. R., LIGHTMAN, S. L., LUPIEN, S. J.,, ROOZENDAAL, B. &
SECKL, J. R. 2006. Do corticosteroids damage the brain? Journal of
Neuroendocrinology, 18, 393-411.

HESTAD, K. A., TANSETH, S., STZEN, C. D., UELAND, T. & AUKRUST, P. 2003.
Raised Plasma Levels of Tumor Necrosis Factor a in Patients With Depression:
Normalization During Electroconvulsive Therapy. 19, 183-188.

HINE, J.,, SCHWELL, A. & KAIRYS, N. 2019. Figure, The hypothalamic-pituitary-
adrenal (HPA) axis. StatPearls Publishing LLC,
https://www.ncbi.nlm.nih.gov/pubmed/281392700.

HINKELMANN, K., MUHTZ, C., DETTENBORN, L., AGORASTOS, A., MORITZ,
S., WINGENFELD, K., SPITZER, C., GOLD, S. M., WIEDEMANN, K. &
OTTE, C. 2013. Association between cortisol awakening response and memory
function in major depression. Psychological Medicine, 43, 2255-2263.

HIROSE, A., TERAUCHI, M., AKIYOSHI, M., OWA, Y., KATO, K. & KUBOTA, T.
2016. Depressive symptoms are associated with oxidative stress in middle-aged
women: a cross-sectional study. Biopsychosocial Medicine, 10, doi:
10.1186/513030-016-0066-4.

HIRST, W. D., PRICE, G. W., RATTRAY, M. & WILKIN, G. P. 1998. Serotonin
transporters in adult rat brain astrocytes revealed by H-3 5-HT uptake into glial
plasmalemmal vesicles. Neurochemistry International, 33, 11-22.

HO, M. F., CORREIA, C., INGLE, J. N.,, KADDURAH-DAOUK, R., WANG, L. W.,
KAUFMANN, S. H. & WEINSHILBOUM, R. M. 2018. Ketamine and ketamine
metabolites as novel estrogen receptor ligands: Induction of cytochrome P450 and
AMPA glutamate receptor gene expression. Biochemical Pharmacology, 152,
279-292.

HOBARA, T., UCHIDA, S., OTSUKI, K., MATSUBARA, T., FUNATO, H.,
MATSUO, K., SUETSUGI, M. & WATANABE, Y. 2010. Altered gene
expression of histone deacetylases in mood disorder patients. Journal of
Psychiatric Research, 44, 263-270.

HOLMES, S. E., SCHEINOST, D., FINNEMA, S. J., NAGANAWA, M., DAVIS, M.
T., DELLAGIOIA, N., NABULSI, N., MATUSKEY, D., ANGARITA, G. A,
PIETRZAK, R. H.,, DUMAN, R. S., SANACORA, G., KRYSTAL, J. H,,
CARSON, R. E. & ESTERLIS, I. 2019. Lower synaptic density is associated with
depression severity and network alterations. Nature Communications, 10, doi:
10.1038/s41467-019-09562-7.

248



HONDA, S., NAKAJIMA, K., NAKAMURA, Y., IMAI, Y. & KOHSAKA, S. 1999. Rat
primary cultured microglia express glial cell line-derived neurotrophic factor
receptors. Neuroscience Letters, 275, 203-206.

HOU, S. T., CALLAGHAN, D., FOURNIER, M. C., HILL, I., KANG, L. P., MASSIE,
B., MORLEY, P., MURRAY, C., RASQUINHA, I, SLACK, R. &
MACMANUS, J. P. 2000. The transcription factor E2F1 modulates apoptosis of
neurons. Journal of Neurochemistry, 75, 91-100.

HUANG, E. J. & REICHARDT, L. F. 2001. Neurotrophins: Roles in neuronal
development and function. Annual Review of Neuroscience, 24, 677-736.

HUBER, K. & SUPERTI-FURGA, G. 2011. After the grape rush: Sirtuins as epigenetic
drug targets in neurodegenerative disorders. Bioorganic & Medicinal Chemistry,
19, 3616-3624.

HWANG, J., ZHENG, L. T., OCK, J., LEE, M. G., KIM, S. H., LEE, H. W., LEE, W.
H., PARK, H. C. & SUK, K. 2008. Inhibition of glial inflammatory activation and
neurotoxicity by tricyclic antidepressants. Neuropharmacology, 55, 826-834.

HYE, A., RIDDOCH-CONTRERAS, J., BAIRD, A. L., ASHTON, N. J., BAZENET, C.,
LEUNG, R., WESTMAN, E., SIMMONS, A., DOBSON, R., SATTLECKER,
M., LUPTON, M., LUNNON, K., KEOHANE, A., WARD, M., PIKE, I,
ZUCHT, H. D., PEPIN, D., ZHENG, W., TUNNICLIFFE, A., RICHARDSON,
J., GAUTHIER, S., SOININEN, H., KLOSZEWSKA, |., MECOCCI, P.,
TSOLAKI, M., VELLAS, B. & LOVESTONE, S. 2014. Plasma proteins predict
conversion to dementia from prodromal disease. Alzheimers & Dementia, 10,
799-807.

IMAI, S., ARMSTRONG, C. M., KAEBERLEIN, M. & GUARENTE, L. 2000.
Transcriptional silencing and longevity protein Sir2 is an NAD-dependent histone
deacetylase. Nature, 403, 795-800.

IMPERATORE, F., MAURIZIO, J.,, VARGAS AGUILAR, S., BUSCH, C. J., FAVRET,
J., KOWENZ-LEUTZ, E., CATHOU, W., GENTEK, R., PERRIN, P., LEUTZ,
A., BERRUYER, C. & SIEWEKE, M. H. 2017. SIRT1 regulates macrophage
self-renewal. The EMBO Journal, 36, 2353-2372.

INAZU, M., TAKEDA, H. & MATSUMIYA, T. 2003. Functional expression of the
norepinephrine transporter in cultured rat astrocytes. Journal of Neurochemistry,
84, 136-144.

INOUE, T., TANAKA, M., MASUDA, S., OHUE-KITANO, R., YAMAKAGE, H.,
MURANAKA, K., WADA, H., KUSAKABE, T. SHIMATSU, A,
HASEGAWA, K. & SATOH-ASAHARA, N. 2017. Omega-3 polyunsaturated
fatty acids suppress the inflammatory responses of lipopolysaccharide-stimulated
mouse microglia by activating SIRT1 pathways. Biochimica Et Biophysica Acta-
Molecular and Cell Biology of Lipids, 1862, 552-560.

IRWIN, M., MARIN, M. C., PHILLIPS, A. C., SEELAN, R. S., SMITH, D. |, LIU, W.
G., FLORES, E. R, TSAI, K. Y., JACKS, T., VOUSDEN, K. H. & KAELIN, W.
G. 2000. Role for the p53 homologue p73 in E2F-1-induced apoptosis. Nature,
407, 645-648.

JABLONSKA, B., GIERDALSKI, M., CHEW, L.-J., HAWLEY, T., CATRON, M.,
LICHAUCO, A., CABRERA-LUQUE, J., YUEN, T., ROWITCH, D. &

249



GALLO, V. 2016. Sirtl regulates glial progenitor proliferation and regeneration
in white matter after neonatal brain injury. Nature Communications, 7, doi:
10.1038/ncomms13866.

JAHANGARD, L., SADEGHI, A., AHMADPANAH, M., HOLSBOER-TRACHSLER,
E., SADEGHI BAHMANI, D., HAGHIGHI, M. & BRAND, S. 2018. Influence
of adjuvant omega-3-polyunsaturated fatty acids on depression, sleep, and
emotion regulation among outpatients with major depressive disorders - Results
from a double-blind, randomized and placebo-controlled clinical trial. Journal of
Psychiatric Research, 107, 48-56.

JAHN, H. 2005. Metyrapone as additive treatment in major depression: A doubleblind
and placebo-controlled trial. European Psychiatry, 20, 1235-1244.

JAN, M., JIANG, X. H., XIONG, X. Y., YANG, X. F. & WANG, H. 2011. Cyclin
D2/D3-Retinoblastoma Protein-E2F1 Suppression Contributes to Homocysteine-
Induced Endothelial Cell Growth Inhibition. Faseb Journal, 25,
1 supplement.820.13.

JARVENTAUSTA, K., SORRI, A., KAMPMAN, O., BJORKQVIST, M., TUOHIMAA,
K., HAMALAINEN, M., MOILANEN, E., LEINONEN, E., PELTOLA, J. &
LEHTIMAKI, K. 2017. Changes in interleukin-6 levels during electroconvulsive
therapy may reflect the therapeutic response in major depression. Acta
Psychiatrica Scandinavica, 135, 87-92.

JAYASENA, T., POLJAK, A., BRAIDY, N., ZHONG, L., ROWLANDS, B.
MUENCHHOFF, J., GRANT, R., SMYTHE, G., TEO, C., RAFTERY, M. &
SACHDEV, P. 2016. Application of Targeted Mass Spectrometry for the
Quantification of Sirtuins in the Central Nervous System. Scientific Reports, 6,
doi: 10.1038/srep35391.

JELOVAC, A., KOLSHUS, E. & MCLOUGHLIN, D. M. 2013. Relapse Following
Successful Electroconvulsive Therapy for Major Depression: A Meta-Analysis.
Neuropsychopharmacology, 38, 2467-2474.

JEON, S. W. & KIM, Y. K. 2016. Neuroinflammation and cytokine abnormality in major
depression: Cause or consequence in that illness? World Journal of Psychiatry, 6,
283-293.

JESULOLA, E., MICALOS, P. & BAGULEY, I. J. 2018. Understanding the
pathophysiology of depression: From monoamines to the neurogenesis hypothesis
model - are we there yet? Behavioural Brain Research, 341, 79-90.

JIN,Q.H., YAN, T.T.,GE, X.J,, SUN, C., SHI, X. G. & ZHAI, Q. W. 2007. Cytoplasm-
localized SIRT1 enhances apoptosis. Journal of Cellular Physiology, 213, 88-97.

JOELS, M., KARST, H., ALFAREZ, D., HEINE, V. M., QIN, Y. J.,, VAN RIEL, E.,
VERKUYL, M., LUCASSEN, P. J. & KRUGERS, H. J. 2004. Effects of chronic
stress on structure and cell function in rat hippocampus and hypothalamus. Stress-
the International Journal on the Biology of Stress, 7, 221-231.

JOHNSON, D. G., SCHWARZ, J. K., CRESS, W. D. & NEVINS, J. R. 1993. Expression
of transcription factor E2F1 induces quiescent cells to enter S phase. Nature, 365,
349-352.

250



JOHNSON, J., HORWATH, E. & WEISSMAN, M. M. 1991. The validity of major
depression with psychotic features based on a community study. Archives of
General Psychiatry, 48, 1075-1081.

JULIAN, G. S,, OLIVEIRA, R. W., FAVARO, V. M., OLIVEIRA, M. G., PERRY, J.
C., TUFIK, S. & CHAGAS, J. R. 2015. Chronic intermittent hypoxia increases
encoding pigment epithelium-derived factor gene expression, although not that of
the protein itself, in the temporal cortex of rats. J Bras Pneumol, 41, 39-47.

KAEBERLEIN, M., MCVEY, M. & GUARENTE, L. 1999. The SIR2/3/4 complex and
SIR2 alone promote longevity in Saccharomyces cerevisiae by two different
mechanisms. Genes & Development, 13, 2570-2580.

KAJITANI, N., HISAOKA-NAKASHIMA, K., MORIOKA, N. OKADA-
TSUCHIOKA, M., KANEKO, M., KASAI, M., SHIBASAKI, C., NAKATA, Y.
& TAKEBAYASHI, M. 2012. Antidepressant Acts on Astrocytes Leading to an
Increase in the Expression of Neurotrophic/Growth Factors: Differential
Regulation of FGF-2 by Noradrenaline. Plos One, 7, doi:
10.1371/journal.pone.0051197.

KARABATSIAKIS, A., BOCK, C., SALINAS-MANRIQUE, J., KOLASSA, S.,
CALZIA, E., DIETRICH, D. E. & KOLASSA, I. T. 2014. Mitochondrial
respiration in peripheral blood mononuclear cells correlates with depressive
subsymptoms and severity of major depression. Translational Psychiatry, 4, doi:
10.1038/tp.2014.44.

KAREGE, F., PERRET, G., BONDOLFI, G., SCHWALD, M., BERTSCHY, G. &
AUBRY, J. M. 2002. Decreased serum brain-derived neurotrophic factor levels
in major depressed patients. Psychiatry Research, 109, 143-148.

KARKI, P., SMITH, K., JOHNSON, J., JR. & LEE, E. 2014. Astrocyte-derived growth
factors and estrogen neuroprotection: role of transforming growth factor-o in
estrogen-induced upregulation of glutamate transporters in astrocytes. Molecular
and cellular endocrinology, 389, 58-64.

KASAHARA, T. & KATO, T. 2018. What Can Mitochondrial DNA Analysis Tell Us
About Mood Disorders? Biological Psychiatry, 83, 731-738.

KATON, W., LIN, E. H. B. & KROENKE, K. 2007. The association of depression and
anxiety with medical symptom burden in patients with chronic medical illness.
General Hospital Psychiatry, 29, 147-155.

KATSETOS, C. D., KARKAVELAS, G., HERMAN, M. M., VINORES, S. A,
PROVENCIO, J., SPANO, A. J. & FRANKFURTER, A. 1998. Class Il beta-
tubulin isotype (beta I11) in the adrenal medulla: 1. Localization in the developing
human adrenal medulla. Anatomical Record, 250, 335-343.

KELLER, J.,, GOMEZ, R., WILLIAMS, G., LEMBKE, A., LAZZERONI, L., URPHY,
G. M. & SCHATZBERG, A. F. 2017. HPA axis in major depression: cortisol,
clinical symptomatology and genetic variation predict cognition. Molecular
Psychiatry, 22, 527-536.

KELLNER, C. H.,, GREENBERG, R. M., MURROUGH, J. W., BRYSON, E. O,
BRIGGS, M. C. & PASCULLI, R. M. 2012. ECT in Treatment-Resistant
Depression. American Journal of Psychiatry, 169, 1238-1244.

251



KELLNER, C. H., KNAPP, R., HUSAIN, M. M., RASMUSSEN, K., SAMPSON, S.,
CULLUM, M., MCCLINTOCK, S. M., TOBIAS, K. G.,, MARTINO, C.,
MUELLER, M., BAILINE, S. H., FINK, M. & PETRIDES, G. 2010. Bifrontal,
bitemporal and right unilateral electrode placement in ECT: randomised trial.
British Journal of Psychiatry, 196, 226-234.

KESSLER, R. C., BERGLUND, P., DEMLER, O., JIN, R., KORETZ, D,
MERIKANGAS, K. R., RUSH, A. J.,, WALTERS, E. E. & WANG, P. S. 2003.
The epidemiology of major depressive disorder - Results from the National
Comorbidity Survey Replication (NCS-R). Jama-Journal of the American
Medical Association, 289, 3095-3105.

KESSLER, R. C. & BROMET, E. J. 2013. The Epidemiology of Depression Across
Cultures. In: FIELDING, J. E. (ed.) Annual Review of Public Health.

KIFUDE, C. M., RAJASEKARIAH, H. G., SULLIVAN, D. J,, JR., STEWART, V. A,
ANGOV, E., MARTIN, S. K., DIGGS, C. L. & WAITUMBI, J. N. 2008.
Enzyme-linked immunosorbent assay for detection of Plasmodium falciparum
histidine-rich protein 2 in blood, plasma, and serum. Clin Vaccine Immunol, 15,
1012-8.

KIM, J. & MIERZWINSKI-URBAN, M. 2017. Ketamine for Treatment-Resistant
Depression or Post-Traumatic Stress Disorder in Various Settings: A Review of
Clinical Effectiveness, Safety, and Guidelines. Canadian Agency for Drugs and
Technologies in Health [online],
https://www.ncbi.nlm.nih.gov/books/NBK487457/.

KIM, Y., SEO, M. S., KANG, U. G., YOON, S. C., AHN, Y. M., KIM, Y. S. & JUHNN,
Y. S. 2005. Activation of Cdk2-pRB-E2F1 cell cycle pathway by repeated
electroconvulsive shock in the rat frontal cortex. Biological Psychiatry, 57, 107-
100.

KIRALY, D. D., HORN, S. R., VAN DAM, N. T., COSTI, S., SCHWARTZ, J., KIM-
SCHULZE, S., PATEL, M., HODES, G. E., RUSSO, S. J.,, MERAD, M.,
IOSIFESCU, D. V., CHARNEY, D. S. & MURROUGH, J. W. 2017. Altered
peripheral immune profiles in treatment-resistant depression: response to
ketamine and prediction of treatment outcome. Translational Psychiatry, 7, doi:
10.1038/tp.2017.31.

KISHI, T., YOSHIMURA, R., IKUTA, T. & IWATA, N. 2018. Brain-Derived
Neurotrophic Factor and Major Depressive Disorder: Evidence from Meta-
Analyses. Frontiers in Psychiatry, 8, doi: 10.3389/fpsyt.2017.00308.

KISHI, T., YOSHIMURA, R., KITAJIMA, T., OKOCHI, T., OKUMURA, T.,
TSUNOKA, T., YAMANOUCHI, Y., KINOSHITA, Y., KAWASHIMA, K.,
FUKUO, Y., NAITOH, H., UMENE-NAKANO, W., INADA, T,
NAKAMURA, J., OZAKI, N. & IWATA, N. 2010. SIRT1 gene is associated with
major depressive disorder in the Japanese population. Journal of Affective
Disorders, 126, 167-173.

KLIMEK, V., STOCKMEIER, C., OVERHOLSER, J., MELTZER, H. Y., KALKA, S,
DILLEY, G. & ORDWAY, G. A. 1997. Reduced levels of norepinephrine
transporters in the locus coeruleus in major depression. Journal of Neuroscience,
17, 8451-8458.

252



KOHLER, C. A., FREITAS, T. H., MAES, M., DE ANDRADE, N. Q., LIU, C. S,,
FERNANDES, B. S., STUBBS, B., SOLMI, M., VERONESE, N,
HERRMANN, N., RAISON, C. L., MILLER, B. J., LANCTOT, K. L. &
CARVALHO, A. F. 2017. Peripheral cytokine and chemokine alterations in
depression: a meta-analysis of 82 studies. Acta Psychiatrica Scandinavica, 135,
373-387.

KOHLER, C. A., FREITAS, T. H., STUBBS, B., MAES, M., SOLMI, M., VERONESE,
N., DE ANDRADE, N. Q., MORRIS, G., FERNANDES, B. S., BRUNONI, A.
R., HERRMANN, N., RAISON, C. L., MILLER, B. J.,, LANCTOT, K. L. &
CARVALHO, A. F. 2018. Peripheral Alterations in Cytokine and Chemokine
Levels After Antidepressant Drug Treatment for Major Depressive Disorder:
Systematic Review and Meta-Analysis. Molecular Neurobiology, 55, 4195-4206.

KOLSHUS, E., DALTON, V. S.,RYAN, K. M. & MCLOUGHLIN, D. M. 2014a. When
less is more — microRNAs and psychiatric disorders. 129, 241-256.

KOLSHUS, E., DOUGLAS, L. & DUNNE, R. 2014b. Antidepressant augmentation
and combination in unipolar depression: strong guidance, weak foundations.
Irish Journal of Psychological Medicine, 28,
https://doi.org/10.1017/S0790966700011800.

KOLSHUS, E., RYAN, K. M., BLACKSHIELDS, G., SMYTH, P., SHEILS, O. &
MCLOUGHLIN, D. M. 2017. Peripheral blood microRNA and VEGFA mRNA
changes following electroconvulsive therapy: implications for psychotic
depression. Acta Psychiatrica Scandinavica, 136, 594-606.

KONSON, A., PRADEEP, S., D'ACUNTO, C. W. & SEGER, R. 2018. Pigment
Epithelium-Derived Factor and its Phosphomimetic Mutant Induce JNK-
Dependent Apoptosis and P38-Mediated Migration Arrest. Cellular Physiology
and Biochemistry, 49, 512-529.

KOVESDI, I., REICHEL, R. & NEVINS, J. R. 1986. Identification of a cellular
transcription factor involved in E1A trans-activation. Cell, 45, 219-228.

KOWALIK, T. F., DEGREGORI, J., SCHWARZ, J. K. & NEVINS, J. R. 1995. E2F1
overexpression in quiescent fibroblasts leads to induction of cellular DNA
synthesis and apoptosis. Journal of Virology, 69, 2491-2500.

KRANASTER, L., BLENNOW, K., ZETTERBERG, H. & SARTORIUS, A. 2019.
Reduced vascular endothelial growth factor levels in the cerebrospinal fluid in
patients with treatment resistant major depression and the effects of
electroconvulsive therapy-A pilot study. Journal of Affective Disorders, 253, 449-
453.

KRANASTER, L., HOYER, C., AKSAY, S. S., BUMB, J. M., MULLER, N., ZILL, P.,
SCHWARZ, M. J. & SARTORIUS, A. 2017. Markers of the innate immune
system in the cerebrospinal fluid in patients with severe depression. Acta
Psychiatrica Scandinavica, 136, 140-141.

KROL, J., LOEDIGE, I. & FILIPOWICZ, W. 2010. The widespread regulation of
microRNA biogenesis, function and decay. Nature Reviews Genetics, 11, 597-
610.

253



LAMERS, F., BOT, M., JANSEN, R., CHAN, M. K., COOPER, J. D., BAHN, S. &
PENNINX, B. 2016. Serum proteomic profiles of depressive subtypes.
Translational Psychiatry, 6, doi: 10.1038/tp.2016.115.

LANZENBERGER, R., BALDINGER, P., HAHN, A., UNGERSBOECK, J.,
MITTERHAUSER, M., WINKLER, D., MICSKEI, Z., STEIN, P,
KARANIKAS, G., WADSAK, W., KASPER, S. & FREY, R. 2013. Global
decrease of serotonin-1A receptor binding after electroconvulsive therapy in
major depression measured by PET. Molecular Psychiatry, 18, 1146.

LASHBROOK, B. L. & STEINLE, J. J. 2005. Beta-adrenergic receptor regulation of
pigment epithelial-derived factor expression in rat retina. Auton Neurosci, 121,
33-30.

LAU, A. W., LIU, P. D., INUZUKA, H. & GAO, D. M. 2014. SIRT1 phosphorylation
by AMP-activated protein kinase regulates p53 acetylation. American Journal of
Cancer Research, 4, 245-255.

LEHTIMAKI, K., KERANEN, T., HUUHKA, M., PALMIO, J., HURME, M.,
LEINONEN, E. & PELTOLA, J. 2008. Increase in Plasma Proinflammatory
Cytokines After Electroconvulsive Therapy in Patients With Depressive
Disorder. 24, 88-91.

LEIKNES, K. A., JAROSH-VON SCHWEDER, L. & HOIE, B. 2012. Contemporary
use and practice of electroconvulsive therapy worldwide. Brain and Behavior, 2,
283-344.

LEVY, M. J. F., BOULLE, F., STEINBUSCH, H. W., VAN DEN HOVE, D. L. A,
KENIS, G. & LANFUMEY, L. 2018. Neurotrophic factors and neuroplasticity
pathways in the pathophysiology and treatment of depression.
Psychopharmacology, 235, 2195-2220.

LI, R., DU, J. H., YAO, G. M,, YAQ, Y. & ZHANG, J. 2019. Autophagy: a new
mechanism for regulating VEGF and PEDF expression in retinal pigment
epithelium cells. International Journal of Ophthalmology, 12, 557-562.

LI,W.,DU,D.Y., LIU, Y., JIANG, F., ZHANG, P. & LI, Y. T. 2017. Long-term nicotine
exposure induces dysfunction of mouse endothelial progenitor cells.
Experimental and Therapeutic Medicine, 13, 85-90.

LIBERT, S., POINTER, K., BELL, E. L., DAS, A., COHEN, D. E., ASARA, J. M.,
KAPUR, K., BERGMANN, S., PREISIG, M., OTOWA, T., KENDLER, K. S.,
CHEN, X. N., HETTEMA, J. M., VAN DEN OORD, E. J.,, RUBIO, J. P. &
GUARENTE, L. 2011. SIRT1 Activates MAO-A in the Brain to Mediate Anxiety
and Exploratory Drive. Cell, 147, 1459-1472.

LIEW, C.-C., MA, J.,, TANG, H.-C., ZHENG, R. & DEMPSEY, A. A. 2006. The
peripheral blood transcriptome dynamically reflects system wide biology: a
potential diagnostic tool. Journal of Laboratory and Clinical Medicine, 147, 126-
132.

LILLETHORUP, T. P, IVERSEN, P., FONTAIN, J., WEGENER, G., DOUDET, D. J.
& LANDAU, A. M. 2015. Electroconvulsive shocks decrease a2-adrenoceptor
binding in the Flinders rat model of depression. European
Neuropsychopharmacology, 25, 404-412.

254



LINDSTROM, M. S. & WIMAN, K. G. 2003. Myc and E2F1 induce p53 through
pl4ARF-independent mechanisms in human fibroblasts. Oncogene, 22, 4993-
5005.

LIU,J., XU, Y., WU, Q., DING, Q. & FAN, W. 2018. Sirtuin-1 protects hair follicle stem
cells from TNFa-mediated inflammatory stress via activating the MAPK-ERK-
Mfn2 pathway. Life Sciences, 212, 213-224.

LIU, T., ZHONG, S. M., LIAO, X. X,, CHEN, J., HE, T. T., LAI, S. K. & JIA, Y. B.
2015. A Meta-Analysis of Oxidative Stress Markers in Depression. Plos One, 10,
doi: 10.1371/journal.pone.0138904.

LIVAK, K. J. & SCHMITTGEN, T. D. 2001. Analysis of relative gene expression data
using real-time quantitative PCR and the 2(T)(-Delta Delta C) method. Methods,
25, 402-408.

LOGAN, R. W., PAREKH, P. K., KAPLAN, G. N., BECKER-KRAIL, D. D.,
WILLIAMS, W. P., 3RD, YAMAGUCH]I, S., YOSHINO, J., SHELTON, M. A,,
ZHU, X., ZHANG, H., WAPLINGER, S., FITZGERALD, E., OLIVER-SMITH,
J., SUNDARVELU, P., ENWRIGHT, J. F., 3RD, HUANG, Y. H. & MCCLUNG,
C. A. 2018. NAD+ cellular redox and SIRT1 regulate the diurnal rhythms of
tyrosine hydroxylase and conditioned cocaine reward. Mol Psychiatry, doi:
10.1038/s41380-018-0061-1.

LONG, Q.,CAO, X.G.,BIAN, A. L. & LI, Y. 2016. C3a Increases VEGF and Decreases
PEDF mRNA Levels in Human Retinal Pigment Epithelial Cells. Biomed
Research International, http://dx.doi.org/10.1155/2016/6958752.

LOPEZ, J. P., FIORI, L. M., CRUCEANU, C,, LIN, R., LABONTE, B., CATES, H. M.,
HELLER, E. A, VIALOU, V., KU, S. M., GERALD, C., HAN, M. H., FOSTER,
J., FREY, B. N., SOARES, C. N.,, MULLER, D. J., FARZAN, F., LERI, F.,
MACQUEEN, G. M., FEILOTTER, H., TYRYSHKIN, K., EVANS, K. R,,
GIACOBBE, P., BLIER, P., LAM, R. W., MILEV, R., PARIKH, S. V.,
ROTZINGER, S., STROTHER, S. C., LEWIS, C. M., AITCHISON, K. J,,
WITTENBERG, G. M., MECHAWAR, N., NESTLER, E. J.,, UHER, R,
KENNEDY, S. H. & TURECKI, G. 2017. MicroRNAs 146a/b-5 and 425-3p and
24-3p are markers of antidepressant response and regulate MAPK/Wnt-system
genes. Nature Communications, 8, doi: 10.1038/ncomms15497.

LOUVEAU, A., HARRIS, T. H. & KIPNIS, J. 2015a. Revisiting the concept of CNS
immune privilege. Trends Immunol, 36, 569-577.

LOUVEAU, A., SMIRNOV, |, KEYES, T. J., ECCLES, J. D., ROUHANI, S. J,,
PESKE, J. D., DERECKI, N. C., CASTLE, D., MANDELL, J. W, LEE, K. S,,
HARRIS, T. H. & KIPNIS, J. 2015b. Structural and functional features of central
nervous system lymphatic vessels. Nature, 523, 337-341.

LUCKENBAUGH, D. A, NICIU, M. J, IONESCU, D. F., NOLAN, N. M,
RICHARDS, E. M., BRUTSCHE, N. E., GUEVARA, S. & ZARATE, C. A.
2014. Do the dissociative side effects of ketamine mediate its antidepressant
effects? Journal of Affective Disorders, 159, 56-61.

LUO, J. Y., NIKOLAEV, A. Y., IMAI, S., CHEN, D. L., SU, F., SHILOH, A,
GUARENTE, L. & GU, W. 2001. Negative control of p53 by Sir2 alpha promotes
cell survival under stress. Cell, 107, 137-148.

255



LUO, L. & TAN, R. X. 2001. Fluoxetine inhibits dendrite atrophy of hippocampal
neurons by decreasing nitric oxide synthase expression in rat depression model.
Acta Pharmacologica Sinica, 22, 865-870.

LUO, X. J. & ZHANG, C. 2016. Down-Regulation of SIRT1 Gene Expression in Major
Depressive Disorder. American Journal of Psychiatry, 173, 1046-1046.

MACQUEEN, G. & FRODL, T. 2011. The hippocampus in major depression: evidence
for the convergence of the bench and bedside in psychiatric research? Molecular
Psychiatry, 16, 252-264.

MAES, M. 2011. Depression is an inflammatory disease, but cell-mediated immune
activation is the key component of depression. Progress in Neuro-
Psychopharmacology & Biological Psychiatry, 35, 664-675.

MAFFIOLETTI, E., TARDITO, D., GENNARELLI, M. & BOCCHIO-CHIAVETTO,
L. 2014. Micro spies from the brain to the periphery: new clues from studies on
microRNAs in neuropsychiatric disorders. Frontiers in Cellular Neuroscience, 8,
doi: 10.3389/fncel.2014.00075.

MAGAE, J., WU, C. L., ILLENYE, S., HARLOW, E. & HEINTZ, N. H. 1996. Nuclear
localization of DP and E2F transcription factors by heterodimeric partners and
retinoblastoma protein family members. Journal of Cell Science, 109, 1717-1726.

MAGARINQOS, A. M. & MCEWEN, B. S. 1995. Stress-induced atrophy of apical
dendrites of hippocampal CA3c neurons: involvement of glucocorticoid secretion
and excitatory amino acid receptors. Neuroscience, 69, 89-98.

MAGISTRETTI, P. J. 2006. Neuron-glia metabolic coupling and plasticity. Journal of
Experimental Biology, 209, 2304-2311.

MAGISTRETTI, P. J., PELLERIN, L., ROTHMAN, D. L. & SHULMAN, R. G. 1999.
Energy on Demand. Science, 283, 496.

MAIER, W., PHILIPP, M., HEUSER, I., SCHLEGEL, S., BULLER, R. & WETZEL, H.
1988. Improving depression severity assessment—I. Reliability, internal validity
and sensitivity to change of three observer depression scales. Journal of
Psychiatric Research, 22, 3-12.

MAIK-RACHLINE, G., SHALTIEL, S. & SEGER, R. 2005. Extracellular
phosphorylation converts pigment epithelium-derived factor from a neurotrophic
to an antiangiogenic factor. Blood, 105, 670-8.

MALETIC, V., ERAMO, A., GWIN, K., OFFORD, S. J. & DUFFY, R. A. 2017. The
Role of Norepinephrine and its alpha-Adrenergic Receptors in the
Pathophysiology and Treatment of Major Depressive Disorder and
Schizophrenia: A Systematic Review. Frontiers in Psychiatry, 8, doi:
10.3389/fpsyt.2017.00042.

MANN, J. J., HUANG, J. Y., UNDERWOOD, M. D., KASSIR, S. A., OPPENHEIM,
S, KELLY, T. M., DWORK, A.J. & ARANGO, V. 2000. A serotonin transporter
gene promoter polymorphism (5-HTTLPR) and prefrontal cortical finding in
major depression and suicide. Archives of General Psychiatry, 57, 729-738.

MAO, X. L., HOU, T.J,, CAO, B. Y., WANG, W. J,, LI, Z. H., CHEN, S. N., FEI, M.,
HURREN, R., GRONDA, M., WU, D. P., TRUDEL, S. & SCHIMMER, A. D.
2011. The Tricyclic Antidepressant Amitriptyline Inhibits D-Cyclin

256



Transactivation and Induces Myeloma Cell Apoptosis by Inhibiting Histone
Deacetylases: In Vitro and In Silico Evidence. Molecular Pharmacology, 79, 672-
680.

MARATHE, S. V., DALMEIDA, P. L., VIRMANI, G., BATHINI, P. & ALBER]I, L.
2018. Effects of Monoamines and Antidepressants on Astrocyte Physiology:
Implications for Monoamine Hypothesis of Depression. Journal of Experimental
Neuroscience, 12, doi: 10.1177/1179069518789149.

MARCUS, M., YASAMY, M. T., MOHAMMAD, T., VAN OMMEREN, M.,
CHISHOLM, D. & SAXENA, S. 2012. Depression: A global public health
concern. World Health Organization Paper on Depression, 6-8.

MARSDEN, W. N. 2013. Synaptic plasticity in depression: Molecular, cellular and
functional correlates. Progress in Neuro-Psychopharmacology & Biological
Psychiatry, 43, 168-184.

MARTIN, D., GALISTEO, R. & GUTKIND, J. S. 2009. CXCLS8/IL8 Stimulates
Vascular Endothelial Growth Factor (VEGF) Expression and the Autocrine
Activation of VEGFR2 in Endothelial Cells by Activating NF kappa B through
the CBM (Carma3/Bcl10/Maltl) Complex. Journal of Biological Chemistry, 284,
6038-6042.

MARTIN, E., EL-BEHI, M., FONTAINE, B. & DELARASSE, C. 2017. Analysis of
Microglia and Monocyte-derived Macrophages from the Central Nervous System
by Flow Cytometry. Jove-Journal of Visualized Experiments, doi:
10.3791/55781.

MARTIN, J. L., MAGISTRETTI, P. J. & ALLAMAN, |. 2013. Regulation of
Neurotrophic Factors and Energy Metabolism by Antidepressants in Astrocytes.
Current Drug Targets, 14, 1308-1321.

MATTSON, M. P., FU, W. M. & ZHANG, P. S. 2001. Emerging roles for telomerase in
regulating cell differentiation and survival: a neuroscientist's perspective.
Mechanisms of Ageing and Development, 122, 659-671.

MATTSON, M. P., GLEICHMANN, M. & CHENG, A. 2008. Mitochondria in
Neuroplasticity and Neurological Disorders. Neuron, 60, 748-766.

MAYNARD, K. R., HOBBS, J. W., RAJPUROHIT, S. K. & MARTINOWICH, K. 2018.
Electroconvulsive seizures influence dendritic spine morphology and BDNF
expression in a neuroendocrine model of depression. Brain Stimul, 11, 856-859.

MCGIRR, A. & BERLIM, M. T. 2018. Clinical Usefulness of Therapeutic
Neuromodulation for Major Depression: A Systematic Meta-Review of Recent
Meta-Analyses. Psychiatric Clinics of North America, 41, 485-503.

MCGIRR, A., BERLIM, M. T., BOND, D. J., CHAN, P. Y., YATHAM, L. N. & LAM,
R. W. 2017. Adjunctive ketamine in electroconvulsive therapy: updated
systematic review and meta-analysis. British Journal of Psychiatry, 210, 403-407.

MCGRORY, C. L., RYAN, K. M., KOLSHUS, E., FINNEGAN, M. & MCLOUGHLIN,
D. M. 2018. Peripheral blood SIRT1 mRNA levels in depression and treatment
with electroconvulsive therapy. Eur Neuropsychopharmacol, 28, 1015-1023.

257



MCGRORY, C. L., RYAN, K. M., KOLSHUS, E. & MCLOUGHLIN, D. M. 2019.
Peripheral blood E2F1 mRNA in depression and following electroconvulsive
therapy. Prog Neuropsychopharmacol Biol Psychiatry, 89, 380-385.

MCINTYRE, R. S., YOUNG, A. H. & HADDAD, P. M. 2018. Rethinking the spectrum
of mood disorders: implications for diagnosis and management - Proceedings of
a symposium presented at the 30th Annual European College of
Neuropsychopharmacology Congress, 4 September 2017, Paris, France.
Therapeutic Advances in Psychopharmacology, 8, 1-16.

MCNAMEE, E. N., RYAN, K. M., KILROY, D. & CONNOR, T. J. 2010. Noradrenaline
induces IL-1ra and IL-1 type Il receptor expression in primary glial cells and
protects against IL-1B-induced neurotoxicity. European Journal of
Pharmacology, 626, 219-228.

MEHTA, D., MENKE, A. & BINDER, E. B. 2010. Gene Expression Studies in Major
Depression. Current Psychiatry Reports, 12, 135-144,

MENKE, A. 2013. Gene expression: Biomarker of antidepressant therapy? International
Review of Psychiatry, 25, 579-591.

MERIKANGAS, K. R., JIN, R., HE, J. P, KESSLER, R. C., LEE, S., SAMPSON, N.
A.,VIANA, M. C., ANDRADE, L. H., HU, C. Y., KARAM, E. G., LADEA, M,
MEDINA-MORA, M. E., ONO, Y., POSADA-VILLA, J., SAGAR, R., WELLS,
J. E. & ZARKOV, Z. 2011. Prevalence and Correlates of Bipolar Spectrum
Disorder in the World Mental Health Survey Initiative. Archives of General
Psychiatry, 68, 241-251.

MEYERS, K. T., MARBALLLI, K. K., BRUNWASSER, S. J.,, RENDA, B., CHARBEL,
M., MARRONE, D. F. & GALLITANO, A. L. 2018. The Immediate Early Gene
Egr3 Is Required for Hippocampal Induction of Bdnf by Electroconvulsive
Stimulation. Front Behav Neurosci, 12, doi: 10.3389/fnbeh.2018.00092.

MICHAN, S., LI, Y., CHOU, M. M. H., PARRELLA, E., GE, H. Y., LONG, J. M,
ALLARD, J. S., LEWIS, K., MILLER, M., XU, W., MERVIS, R. F., CHEN, J.,
GUERIN, K. I, SMITH, L. E. H.,, MCBURNEY, M. W., SINCLAIR, D. A,
BAUDRY, M., DE CABO, R. & LONGO, V. D. 2010. SIRT1 Is Essential for
Normal Cognitive Function and Synaptic Plasticity. Journal of Neuroscience, 30,
9695-9707.

MICHAN, S. & SINCLAIR, D. 2007. Sirtuins in mammals: insights into their biological
function. Biochemical Journal, 404, 1-13.

MICHISHITA, E., PARK, J. Y., BURNESKIS, J. M., BARRETT, J. C. & HORIKAWA,
I. 2005. Evolutionarily conserved and nonconserved cellular localizations and
functions of human SIRT proteins. Molecular Biology of the Cell, 16, 4623-4635.

MILLER, A. H., MALETIC, V. & RAISON, C. L. 2009. Inflammation and Its
Discontents: The Role of Cytokines in the Pathophysiology of Major Depression.
Biological Psychiatry, 65, 732-741.

MILLER, B. H., SCHULTZ, L. E., GULATI, A.,, CAMERON, M. D. & PLETCHER,
M. T. 2007. Genetic Regulation of Behavioral and Neuronal Responses to
Fluoxetine. Neuropsychopharmacology, 33, 1312-1322.

258



MILLER, I. W., BISHOP, S., NORMAN, W. H. & MADDEVER, H. 1985. The
Modified Hamilton Rating-Scale for Depression - Reliability and Validity.
Psychiatry Research, 14, 131-142.

MINELLI, A., ZANARDINI, R., ABATE, M., BORTOLOMASI, M., GENNARELLI,
M. & BOCCHIO-CHIAVETTO, L. 2011. Vascular Endothelial Growth Factor
(VEGF) serum concentration during electroconvulsive therapy (ECT) in
treatment resistant depressed patients. Progress in Neuro-Psychopharmacology
& Biological Psychiatry, 35, 1322-1325.

MINER, C. M., DAVIDSON, J.R. T.,POTTS, N. L. S., TUPLER, L. A., CHARLES, H.
C. & KRISHNAN, K. R. R. 1995. Brain fluoxetine measurements using fluorine
magnetic-resonance spectroscopy in patients with social phobia. Biological
Psychiatry, 38, 696-698.

MOADDEL, R., LUCKENBAUGH, D. A., XIE, Y., VILLASENOR, A., BRUTSCHE,
N. E., MACHADO-VIEIRA, R., RAMAMOORTHY, A., LORENZO, M. P,
GARCIA, A.,BERNIER, M., TORIMAN, M. C., BARBAS, C., ZARATE, C. A.
& WAINER, I. W. 2015. D-serine plasma concentration is a potential biomarker
of (R,S)-ketamine antidepressant response in subjects with treatment-resistant
depression. Psychopharmacology, 232, 399-409.

MOADDEL, R., SHARDELL, M., KHADEER, M., LOVETT, J.,, KADRIU, B,
RAVICHANDRAN, S., MORRIS, P. J., YUAN, P., THOMAS, C. J., GOULD,
T.D., FERRUCCI, L. & ZARATE, C. A. 2018. Plasma metabolomic profiling of
a ketamine and placebo crossover trial of major depressive disorder and healthy
control subjects. Psychopharmacology, 235, 3017-3030.

MOLENDUK, M. L., SPINHOVEN, P., POLAK, M., BUS, B. A. A., PENNINX, B. &
ELZINGA, B. M. 2014. Serum BDNF concentrations as peripheral
manifestations of depression: evidence from a systematic review and meta-
analyses on 179 associations (N=9484). Molecular Psychiatry, 19, 791-800.

MORALES-PRIETO, D. M., STOJILJKOVIC, M., DIEZEL, C., STREICHER, P.-E.,
ROSTEL, F., LINDNER, J., WEIS, S., SCHMEER, C. & MARZ, M. 2018.
Peripheral blood exosomes pass blood-brain-barrier and induce glial cell
activation. bioRxiv, https://doi.org/10.1101/471409.

MORILAK, D. A. & FRAZER, A. 2004. Antidepressants and brain monoaminergic
systems: a dimensional approach to understanding their behavioural effects in
depression  and  anxiety  disorders. International ~ Journal  of
Neuropsychopharmacology, 7, 193-218.

MORONI, M. C., HICKMAN, E. S., DENCHI, E. L., CAPRARA, G., COLLI, E.,
CECCONI, F., MULLER, H. & HELIN, K. 2001. Apaf-1 is a transcriptional
target for E2F and p53. Nature Cell Biology, 3, 552-558.

MULINARI, S. 2012. Monoamine Theories of Depression: Historical Impact on
Biomedical Research. Journal of the History of the Neurosciences, 21, 366-392.

MULLER, H. & HELIN, K. 2000. The E2F transcription factors: key regulators of cell
proliferation. Biochimica Et Biophysica Acta-Reviews on Cancer, 1470, DOI:
10.1016/s0304-419x(99)00030-x.

MURROUGH, J. W., IOSIFESCU, D. V., CHANG, L. C., AL JURDI, R. K., GREEN,
C. E,, PEREZ, A. M., IQBAL, S,, PILLEMER, S., FOULKES, A., SHAH, A,

259



CHARNEY, D. S. & MATHEW, S. J. 2013. Antidepressant Efficacy of Ketamine
in Treatment-Resistant Major Depression: A Two-Site Randomized Controlled
Trial. American Journal of Psychiatry, 170, 1134-1142.

NAMBA, T., YABE, T., GONDA, Y., ICHIKAWA, N., SANAGI, T., ARIKAWA-
HIRASAWA, E., MOCHIZUKI, H., KOHSAKA, S. & UCHINO, S. 2010.
Pigment Epithelium-Derived Factor Up-regulation Induced by Memantine, an N-
Methyl-D-Aspartate Receptor Antagonist, is Involved in Increased Proliferation
of Hippocampal Progenitor Cells. Neuroscience, 167, 372-383.

NATIONAL COLLABORATING CENTRE FOR MENTAL HEALTH (UK) 2010.
Depression: The Treatment and Management of Depression in Adults (Updated
Edition): Appendix 11. British Psychological Society.

NEWTON, S. S., COLLIER, E. F.,, HUNSBERGER, J., ADAMS, D., TERWILLIGER,
R., SELVANAYAGAM, E. & DUMAN, R. S. 2003. Gene profile of
electroconvulsive seizures: Induction of neurotrophic and angiogenic factors.
Journal of Neuroscience, 23, 10841-10851.

NICIU, M. J., IADAROLA, N. D., BANERJEE, D., LUCKENBAUGH, D. A., PARK,
M., LENER, M., PARK, L., IONESCU, D. F., BALLARD, E. D., BRUTSCHE,
N. E., AKULA, N., MCMAHON, F. J.,, MACHADO-VIEIRA, R., NUGENT, A.
C. & ZARATE, C. A., JR. 2017. The antidepressant efficacy of subanesthetic-
dose ketamine does not correlate with baseline subcortical volumes in a
replication sample with major depressive disorder. J Psychopharmacol, 31, 1570-
1577.

NICIU, M. J.,, SHOVESTUL, B. J., JASO, B. A., FARMER, C., LUCKENBAUGH, D.
A., BRUTSCHE, N. E., PARK, L. T., BALLARD, E. D. & ZARATE, C. A., JR.
2018. Features of dissociation differentially predict antidepressant response to
ketamine in treatment-resistant depression. J Affect Disord, 232, 310-315.

NIKISCH, G. & MATHE, A. A. 2008. CSF monoamine metabolites and neuropeptides
in depressed patients before and after electroconvulsive therapy. European
Psychiatry, 23, 356-359.

NIN, V., ESCANDE, C., CHINI, C. C.,, GIRI, S., CAMACHO-PEREIRA, J.,
MATALONGA, J., LOU, Z. K. & CHINI, E. N. 2012. Role of Deleted in Breast
Cancer 1 (DBC1) Protein in SIRT1 Deacetylase Activation Induced by Protein
Kinase A and AMP-activated Protein Kinase. Journal of Biological Chemistry,
287, 23489-23501.

NIP,J., STROM, D. K., FEE, B. E., ZAMBETTI, G., CLEVELAND, J. L. & HIEBERT,
S. W. 1997. E2F-1 cooperates with topoisomerase |1 inhibition and DNA damage
to selectively augment p53-independent apoptosis. Molecular and Cellular
Biology, 17, 1049-1056.

O'CONNOR, J. C., LAWSON, M. A., ANDRE, C., MOREAU, M., LESTAGE, J.,
CASTANON, N., KELLEY, K. W. & DANTZER, R. 2009. Lipopolysaccharide-
induced depressive-like behavior is mediated by indoleamine 2,3-dioxygenase
activation in mice. Molecular Psychiatry, 14, 511-522.

O'NEILL, E. & HARKIN, A. 2018. Targeting the noradrenergic system for anti-
inflammatory and neuroprotective effects: implications for Parkinson&#39;s
disease. Neural Regeneration Research, 13, 1332-1337.

260



O'NEILL, E., KWOK, B., DAY, J. S.,, CONNOR, T. J. & HARKIN, A. 2016.
Amitriptyline protects against TNF-alpha-induced atrophy and reduction in
synaptic markers via a Trk-dependent mechanism. Pharmacology Research &
Perspectives, 4, doi:10.1002/prp2.195.

OBERDOERFFER, P., MICHAN, S., MCVAY, M., MOSTOSLAVSKY, R., VANN, J,,
PARK, S. K., HARTLERODE, A., STEGMULLER, J.,, HAFNER, A., LOERCH,
P., WRIGHT, S. M., MILLS, K. D., BONNI, A., YANKNER, B. A., SCULLY,
R.,PROLLA, T. A, ALT,F.W. & SINCLAIR, D. A. 2008. SIRT1 Redistribution
on Chromatin Promotes Genomic Stability but Alters Gene Expression during
Aging. Cell, 135, 907-918.

OBUCHOWICZ, E., BIELECKA, A. M., PAUL-SAMOJEDNY, M., PUDELKO, A. &
KOWALSKI, J. 2014. Imipramine and fluoxetine inhibit LPS-induced activation
and affect morphology of microglial cells in the rat glial culture. Pharmacological
Reports, 66, 34-43.

OFIR, M., HACOHEN, D. & GINSBERG, D. 2011. miR-15 and miR-16 Are Direct
Transcriptional Targets of E2F1 that Limit E2F-Induced Proliferation by
Targeting Cyclin E. Molecular Cancer Research, 9, 440-447.

OHNO-MATSUI, K., MORITA, I, TOMBRAN-TINK, J., MRAZEK, D., ONODERA,
M., UETAMA, T., HAYANO, M., MUROTA, S. I. & MOCHIZUKI, M. 2001.
Novel mechanism for age-related macular degeneration: An equilibrium shift
between the angiogenesis factors VEGF and PEDF. Journal of Cellular
Physiology, 189, 323-333.

OHTANI, K., DEGREGORI, J.,, LEONE, G., HERENDEEN, D. R., KELLY, T.J. &
NEVINS, J. R. 1996. Expression of the HsOrcl gene, a human ORC1 homolog,
is regulated by cell proliferation via the E2F transcription factor. Molecular and
Cellular Biology, 16, 6977-6984.

OLTEDAL, L., NARR, K. L., ABBOTT, C., ANAND, A., ARGYELAN, M.,
BARTSCH, H., DANNLOWSKI, U., DOLS, A., VAN EIINDHOVEN, P.,
EMSELL, L., ERCHINGER, V. J., ESPINOZA, R., HAHN, T., HANSON, L. G.,
HELLEMANN, G., JORGENSEN, M. B., KESSLER, U., OUDEGA, M. L.,
PAULSON, O. B., REDLICH, R., SIENAERT, P., STEK, M. L., TENDOLKAR,
I., VANDENBULCKE, M., OEDEGAARD, K. J. & DALE, A. M. 2018. Volume
of the Human Hippocampus and Clinical Response Following Electroconvulsive
Therapy. Biological Psychiatry, 84, 574-581.

ORANG, A. V., SAFARALIZADEH, R. & KAZEMZADEH-BAVILI, M. 2014.
Mechanisms of miRNA-Mediated Gene Regulation from Common
Downregulation to mRNA-Specific Upregulation. International Journal of
Genomics, doi: 10.1155/2014/970607.

ORDWAY, G. A., SCHENK, J.,, STOCKMEIER, C. A., MAY, W. & KLIMEK, V. 2003.
Elevated agonist binding to alpha(2)-adrenoceptors in the locus coeruleus in
major depression. Biological Psychiatry, 53, 315-323.

OSTERGAARD, S. D., ROTHSCHILD, A. J., UGGERBY, P., MUNK-JORGENSEN,
P., BECH, P. & MORS, 0. 2012. Considerations on the ICD-11 Classification of
Psychotic Depression. Psychotherapy and Psychosomatics, 81, 135-144,

261



OVERALL, J. E. & GORHAM, D. R. 1962. The Brief Psychiatric Rating Scale.
Psychological Reports, 10, 799-812.

OWCZARZ, M., BUDZINSKA, M., DOMASZEWSKA-SZOSTEK, A,
BORKOWSKA, J., POLOSAK, J., GEWARTOWSKA, M., SLUSARCZYK, P.
& PUZIANOWSKA-KUZNICKA, M. 2017. miR-34a and miR-9 are
overexpressed and SIRT genes are downregulated in peripheral blood
mononuclear cells of aging humans. Experimental Biology and Medicine, 242,
1453-1461.

OWENS, M. J. & NEMEROFF, C. B. 1994. Role of serotonin in the pathophysiology of
depression: focus on the serotonin transporter. Clinical Chemistry, 40, 288-295.

PALACIQS, J. A,, HERRANZ, D., DE BONIS, M. L., VELASCO, S., SERRANO, M.
& BLASCO, M. A. 2010. SIRT1 contributes to telomere maintenance and
augments global homologous recombination. Journal of Cell Biology, 191, 1299-
1313.

PARIANTE, C. M. 2006. The glucocorticoid receptor: part of the solution or part of the
problem? Journal of Psychopharmacology, 20, 79-84.

PARIANTE, C. M. & LIGHTMAN, S. L. 2008. The HPA axis in major depression:
classical theories and new developments. Trends in Neurosciences, 31, 464-468.

PARK, E. J., LEE, J. H., JEONG, D. C., HAN, S. I. & JEON, Y. W. 2015. Natural Killer
cell activity in patients with major depressive disorder treated with escitalopram.
International Immunopharmacology, 28, 409-413.

PARK, M., NEWMAN, L. E., GOLD, P. W., LUCKENBAUGH, D. A., YUAN, P.,
MACHADO-VIEIRA, R. & ZARATE, C. A. 2017. Change in cytokine levels is
not associated with rapid antidepressant response to ketamine in treatment-
resistant depression. Journal of Psychiatric Research, 84, 113-118.

PASQUINELLLI, A. E. 2012. MicroRNAs and their targets: recognition, regulation and
an emerging reciprocal relationship. Nature Reviews Genetics, 13, 271-282.

PAVLIDES, C., NIVON, L. G. & MCEWEN, B. S. 2002. Effects of chronic stress on
hippocampal long-term potentiation. Hippocampus, 12, 245-257.

PECHNICK, R. N., ZONIS, S., WAWROWSKY, K., COSGAYON, R., FARROKHI,
C., LACAYO, L. & CHESNOKOVA, V. 2011. Antidepressants Stimulate
Hippocampal Neurogenesis by Inhibiting p21 Expression in the Subgranular
Zone of the Hipppocampus. Plos One, 6, doi: 10.1371/journal.pone.0027290.

PEI, L. M. & WALLACE, D. C. 2018. Mitochondrial Etiology of Neuropsychiatric
Disorders. Biological Psychiatry, 83, 722-730.

PEREA, G., SUR, M. & ARAQUE, A. 2014. Neuron-glia networks: integral gear of brain
function. Frontiers in Cellular Neuroscience, 8, doi: 10.3389/fncel.2014.00378.

PERLMAN, K., BENRIMOH, D., ISRAEL, S., ROLLINS, C., BROWN, E.,
TUNTENG, J. F,, YOU, R., YOU, E., TANGUAY-SELA, M., SNOOK, E.,
MIRESCO, M. & BERLIM, M. T. 2019. A systematic meta-review of predictors
of antidepressant treatment outcome in major depressive disorder. Journal of
Affective Disorders, 243, 503-515.

262



PERRY, E. B., CRAMER, J. A,, CHO, H. S., PETRAKIS, I. L., KARPER, L. P.,
GENOVESE, A., ODONNELL, E., KRYSTAL, J. H.,, D'SOUZA, D. C. &
YALE KETAMINE STUDY, G. 2007. Psychiatric safety of ketamine in
psychopharmacology research. Psychopharmacology, 192, 253-260.

PETRIDES, G. 2002. ECT remission rates in psychotic versus nonpsychotic depressed
patients: A report from CORE. Journal of Ect, 18, 62-62.

PHILLIPS, J. L., NORRIS, S., TALBOT, J., BIRMINGHAM, M., HATCHARD, T.,
ORTIZ, A.,,OWOEYE, O.,BATTEN, L. A. & BLIER, P. 2019. Single, Repeated,
and Maintenance Ketamine Infusions for Treatment-Resistant Depression: A
Randomized Controlled Trial. Am J Psychiatry, 176, 401-409.

PINNA, M., MANCHIA, M., OPPO, R., SCANO, F., PILLAI, G., LOCHE, A. P.,
SALIS, P. & MINNALI, G. P. 2018. Clinical and biological predictors of response
to electroconvulsive therapy (ECT): a review. Neuroscience Letters, 669, 32-42.

PRABHANJAN, M., SURESH, R. V., MURTHY, M. N. & RAMACHANDRA, N. B.
2016. Type 2 diabetes mellitus disease risk genes identified by genome wide copy
number variation scan in normal populations. Diabetes Research and Clinical
Practice, 113, 160-170.

PUSAPATI, R. V., ROUNBEHLER, R. J.,, HONG, S. K., POWERS, J. T., YAN, M. S,
KIGUCHI, K., MCARTHUR, M. J., WONG, P. K. & JOHNSON, D. G. 2006.
ATM promotes apoptosis and suppresses tumorigenesis in response to Myc.
Proceedings of the National Academy of Sciences of the United States of America,
103, 1446-1451.

Ql, X, CAl, J.,, RUAN, Q., LIU, L., BOYE, S. L., CHEN, Z., HAUSWIRTH, W. W.,
RYALS, R. C., SHAW, L., CABALLERO, S., GRANT, M. B. & BOULTON,
M. E. 2012. y-Secretase Inhibition of Murine Choroidal Neovascularization Is
Associated with Reduction of Superoxide and Proinflammatory Cytokines.
Investigative Ophthalmology & Visual Science, 53, 574-585.

QIN, X. Q., LIVINGSTON, D. M., KAELIN, W. G. & ADAMS, P. D. 1994. Deregulated
transcription factor E2F-1 expression leads to S-phase entry and p53-mediated
apoptosis. Proceedings of the National Academy of Sciences of the United States
of America, 91, 10918-10922.

QUAN, M. N., ZHENG, C. G., ZHANG, N., HAN, D. D., TIAN, Y. T., ZHANG, T. &
YANG, Z. 2011. Impairments of behavior, information flow between thalamus
and cortex, and prefrontal cortical synaptic plasticity in an animal model of
depression. Brain Research Bulletin, 85, 109-116.

RADHAKRISHNAN, S. K., FELICIANO, C. S., NAIMABADI, F., HAEGEBARTH,
A., KANDEL, E. S, TYNER, A. L. & GARTEL, A. L. 2004. Constitutive
expression of E2F-1 leads to p21-dependent cell cycle arrest in S phase of the cell
cycle. Oncogene, 23, 4173-4176.

RAINEN, L., OELMUELLER, U., JURGENSEN, S., WYRICH, R., BALLAS, C,,
SCHRAM, J., HERDMAN, C., BANKAITIS-DAVIS, D., NICHOLLS, N.,
TROLLINGER, D. & TRYON, V. 2002. Stabilization of mMRNA expression in
whole blood samples. Clin Chem, 48, 1883-1890.

263



RANG, H. P., DALE, M. M., RITTER, J. M., FLOWER, R. J. & HENDERSON, G.
2012. Rang and Dale's Pharmacology seventh edition. Elsevier Chrchill
Livingstone, 564-582.

REGIER, D. A., KUHL, E. A. & KUPFER, D. J. 2013. The DSM-5: Classification and
criteria changes. World psychiatry : official journal of the World Psychiatric
Association (WPA), 12, 92-98.

REIMER, D., SADR, S., WIECLEMAIR, A., CONCIN, N., HOFSTETTER, G.,
MARTH, C. & ZEIMET, A. G. 2006. Heterogeneous cross-talk of E2F family
members is crucially involved in growth modulatory effects of interferon-gamma
and EGF. Cancer Biology & Therapy, 5, 771-776.

REMUS, J. L. & DANTZER, R. 2016. Inflammation Models of Depression in Rodents:
Relevance to Psychotropic Drug Discovery. International Journal of
Neuropsychopharmacology, 19, doi: 10.1093/ijnp/pyw028.

REN, L., DENG, J., MIN, S., PENG, L. H. & CHEN, Q. B. 2018. Ketamine in
electroconvulsive therapy for depressive disorder: A systematic review and meta-
analysis. Journal of Psychiatric Research, 104, 144-156.

REVOLLO, J. R. & LI, X. 2013. The ways and means that fine tune Sirt1 activity. Trends
in Biochemical Sciences, 38, 160-167.

REZIN, G. T., AMBONI, G., ZUGNO, A. I., QUEVEDO, J. & STRECK, E. L. 2009.
Mitochondrial Dysfunction and Psychiatric Disorders. Neurochemical Research,
34, 1021-1029.

RIDOUT, S., RIDOUT, K. K., PRICE, L. H,, SEN, S. & TYRKA, A. R. 2015.
Depression and Telomere Length: A Meta-Analysis. Biological Psychiatry, 77,
237-247.

ROBINSON, D. G., GALLEGO, J. A., JOHN, M., HANNA, L. A., ZHANG, J.-P.,
BIRNBAUM, M. L., GREENBERG, J., NARAINE, M., PETERS, B. D,
MCNAMARA, R. K., MALHOTRA, A. K. & SZESZKO, P. R. 2018. A potential
role for adjunctive omega-3 polyunsaturated fatty acids for depression and
anxiety symptoms in recent onset psychosis: Results from a 16 week randomized
placebo-controlled trial for participants concurrently treated with risperidone.
Schizophrenia Research, 204, 295-303.

ROCHA, R. B., DONDOSSOLA, E. R., GRANDE, A.J., COLONETTI, T., CERETTA,
L. B., PASSOS, I. C., QUEVEDO, J. & DA ROSA, M. I. 2016. Increased BDNF
levels after electroconvulsive therapy in patients with major depressive disorder:
A meta-analysis study. Journal of Psychiatric Research, 83, 47-53.

RODGERS, J. T., LERIN, C., HAAS, W., GYGI, S. P., SPIEGELMAN, B. M. &
PUIGSERVER, P. 2005. Nutrient control of glucose homeostasis through a
complex of PGC-1 alpha and SIRT1. Nature, 434, 113-118.

RODGERS, J. T. & PUIGSERVER, P. 2007. Fasting-dependent glucose and lipid
metabolic response through hepatic sirtuin 1. Proceedings of the National
Academy of Sciences of the United States of America, 104, 12861-12866.

ROSE, D., WYKES, T., LEESE, M., BINDMAN, J. & FLEISCHMANN, P. 2003.
Patients' perspectives on electroconvulsive therapy: systematic review. British
Medical Journal, 326, 1363-1365.

264



ROTHSCHILD, A. J. 2009. Clinical Manual for Diagnosis

and Treatment of Psychotic Depression. Washington, American Psychiatric
Publishing.

ROTHSCHILD, A. J. 2013. Challenges in the Treatment of Major Depressive Disorder
With Psychotic Features. Schizophrenia Bulletin, 39, 787-796.

ROWLAND, T. A. & MARWAHA, S. 2018. Epidemiology and risk factors for bipolar
disorder. Therapeutic Advances in Psychopharmacology, 8, 251-269.

RUA, R. & MCGAVERN, D. B. 2018. Advances in Meningeal Immunity. Trends in
Molecular Medicine, 24, 542-559.

RUDGE, J. S., LI, Y. P.,, PASNIKOWSKI, E. M., MATTSSON, K., PAN, L.,
YANCOPOULOS, G. D., WIEGAND, S. J., LINDSAY,R. M. & IP, N. Y. 1994.
Neurotrophic Factor Receptors and Their Signal-Transduction Capabilities in Rat
Astrocytes. European Journal of Neuroscience, 6, 693-705.

RUSH, A. J., TRIVEDI, M. H., WISNIEWSKI, S. R., NIERENBERG, A. A,
STEWART, J. W., WARDEN, D., NIEDEREHE, G., THASE, M. E., LAVORI,
P.W., LEBOWITZ, B. D., MCGRATH, P. J., ROSENBAUM, J. F., SACKEIM,
H. A., KUPFER, D. J., LUTHER, J. & FAVA, M. 2006. Acute and longer-term
outcomes in depressed outpatients requiring one or several treatment steps: A
STAR*D report. American Journal of Psychiatry, 163, 1905-1917.

RYAN, K. M., DUNNE, R. & MCLOUGHLIN, D. M. 2018a. BDNF plasma levels and
genotype in depression and the response to electroconvulsive therapy. Brain
Stimulation, 11, 1123-1131.

RYAN, K. M., GLAVIANO, A., ODONOVAN, S. M., KOLSHUS, E., DUNNE, R.,
KAVANAGH, A., JELOVAC, A., NOONE, M., TUCKER, G. M., DUNN, M. J.
& MCLOUGHLIN, D. M. 2017. Electroconvulsive therapy modulates plasma
pigment epithelium-derived factor in depression: a proteomics study. Transl
Psychiatry, 7, doi: 10.1038/tp.2017.51.

RYAN, K. M. & MCLOUGHLIN, D. M. 2018. Vascular endothelial growth factor
plasma levels in depression and following electroconvulsive therapy. Eur Arch
Psychiatry Clin Neurosci, 268, 839-848.

RYAN, K. M. & MCLOUGHLIN, D. M. 2019. Peripheral blood GILZ mRNA levels in
depression and following electroconvulsive therapy. Psychoneuroendocrinology,
101, 304-310.

RYAN, K. M., ODONOVAN, S. M. & MCLOUGHLIN, D. M. 2013. Electroconvulsive
stimulation alters levels of BDNF-associated microRNAs. Neurosci Lett, 549,
125-9.

RYAN, K. M., PATTERSON, I. & MCLOUGHLIN, D. M. 2018b. Peroxisome
proliferator-activated receptor gamma co-activator-1 alpha in depression and the
response to electroconvulsive therapy. Psychological Medicine, 7, 1-10.

RYBAKOWSK]I, J. K., PERMODA-OSIP, A., SKIBINSKA, M., ADAMSKI, R. &
BARTKOWSKA-SNIATKOWSKA, A. 2013. Single ketamine infusion in
bipolar depression resistant to antidepressants: are neurotrophins involved?
Human Psychopharmacology-Clinical and Experimental, 28, 87-90.

265



RYBKA, J, KEDZIORA-KORNATOWSKA, K. BANAS-LEZANSKA, P,
MAJSTEREK, I., CARVALHO, L. A., CATTANEO, A., ANACKER, C. &
KEDZIORA, J. 2013. Interplay between the pro-oxidant and antioxidant systems
and proinflammatory cytokine levels, in relation to iron metabolism and the
erythron in depression. Free Radical Biology and Medicine, 63, 187-194.

SACHER, J., NEUMANN, J., FUNFSTUCK, T., SOLIMAN, A., VILLRINGER, A. &
SCHROETER, M. L. 2012. Mapping the depressed brain: A meta-analysis of
structural and functional alterations in major depressive disorder. Journal of
Affective Disorders, 140, 142-148.

SACKEIM, H. A,, PRUDIC, J., FULLER, R., KEILP, J., LAVORI, P. W. & OLFSON,
M. 2007. The cognitive effects of electroconvulsive therapy in community
settings. Neuropsychopharmacology, 32, 244-254.

SALA, A., NICOLAIDES, N. C., ENGELHARD, A., BELLON, T., LAWE, D. C,,
ARNOLD, A., GRANA, X., GIORDANO, A. & CALABRETTA, B. 1994.
Correlation between E2F-1 requirement in the S phase and E2F-1 transactivation
of cell cycle-related genes in human cells. Cancer Research, 54, 1402-1406.

SANAGI, T., YABE, T. & YAMADA, H. 2005. The regulation of pro-inflammatory
gene expression induced by pigment epithelium-derived factor in rat cultured
microglial cells. Neurosci Lett, 380, 105-10.

SANDERS, R., MASON, D. J., FOY, C. A. & HUGGETT, J. F. 2014. Considerations
for accurate gene expression measurement by reverse transcription quantitative
PCR when analysing clinical samples. Analytical and bioanalytical chemistry,
406, 6471-6483.

SANTOS-BEZERRA, D. P., MACHADO-LIMA, A., MONTEIRO, M. B., ADMONI,
S.N., PEREZ, R. V., MACHADQO, C. G., SHIMIZU, M. H., CAVALEIRO, A.
M., THIEME, K., QUEIROZ, M. S., MACHADO, U. F., GIANNELLA-NETO,
D., PASSARELLI, M. & CORREA-GIANNELLA, M. L. 2017. Dietary
advanced glycated end-products and medicines influence the expression of SIRT1
and DDOST in peripheral mononuclear cells from long-term type 1 diabetes
patients. Diabetes and Vascular Disease Research, 15, 81-89.

SANTOS, M. A. O, BEZERRA, L. S., CARVALHO, A. R. M. R. & BRAINER-LIMA,
A. M. 2018. Global hippocampal atrophy in major depressive disorder: a meta-
analysis of magnetic resonance imaging studies %J Trends in Psychiatry and
Psychotherapy. 40, 369-378.

SARABI, A., HOFFER, B. J., OLSON, L. & MORALES, M. 2003. Glial cell line
neurotrophic factor-family receptor alpha-1 is present in central neurons with
distinct phenotypes. Neuroscience, 116, 261-273.

SARHAN, R. A., ABOELENEIN, H. R. A,, SOUROUR, S. K. N., FAWZY, I. O,
SALAH, S. & ABDELAZIZ, A. |. 2015. Targeting E2F1 and c-Myc Expression
by microRNA-17-5p Represses Interferon-stimulated Gene MxA in Peripheral
Blood Mononuclear Cells of Pediatric Systemic Lupus Erythematosus Patients.
Discovery Medicine, 19, 419-425.

SASAKI, T., MAIER, B., KOCLEGA, K. D., CHRUSzZCZ, M., GLUBA, W.,
STUKENBERG, P. T., MINOR, W. & SCRABLE, H. 2008. Phosphorylation
Regulates SIRT1 Function. Plos One, 3, doi: 10.1371/journal.pone.0004020.

266



SCHILDGE, S., BOHRER, C., BECK, K. & SCHACHTRUP, C. 2013. Isolation and
culture of mouse cortical astrocytes. Journal of visualized experiments : JoVE,
doi: 10.3791/50079.

SCHUG, T. T., XU, Q., GAO, H. M., PERES-DA-SILVA, A., DRAPER, D. W,,
FESSLER, M. B., PURUSHOTHAM, A. & LI, X. L. 2010. Myeloid Deletion of
SIRT1 Induces Inflammatory Signaling in Response to Environmental Stress.
Molecular and Cellular Biology, 30, 4712-4721.

SCHWARCZ, R. & PELLICCIARI, R. 2002. Manipulation of Brain Kynurenines: Glial
Targets, Neuronal Effects, and Clinical Opportunities. Journal of Pharmacology
and Experimental Therapeutics, 303, 1-10.

SEMKOVSKA, M., LANDAU, S., DUNNE, R., KOLSHUS, E., KAVANAGH, A,
JELOVAC, A., NOONE, M., CARTON, M., LAMBE, S., MCHUGH, C. &
MCLOUGHLIN, D. M. 2016. Bitemporal Versus High-Dose Unilateral Twice-
Weekly Electroconvulsive Therapy for Depression (EFFECT-Dep): A Pragmatic,
Randomized, Non-Inferiority Trial. American Journal of Psychiatry, 173, 408-
417.

SEMKOVSKA, M. & MCLOUGHLIN, D. M. 2010. Objective Cognitive Performance
Associated with Electroconvulsive Therapy for Depression: A Systematic Review
and Meta-Analysis. Biological Psychiatry, 68, 568-577.

SENYURT, M., AYBEK, H., HERKEN, H., KAPTANOGLU, B. & KORKMAZ, A.
2017. Evaluation of Oxidative Status in Patients Treated with Electroconvulsive
Therapy. Clinical Psychopharmacology and Neuroscience, 15, 40-46.

SHAKERI, R., KHEIROLLAHI, A. & DAVOODI, J. 2017. Apaf-1: Regulation and
function in cell death. Biochimie, 135, 111-125.

SHAN, B. & LEE, W. H. 1994. Deregulated expression of E2F-1 induces S-phase entry
and leads to apoptosis. Molecular and Cellular Biology, 14, 8166-8173.

SHARMA, A. N., SILVA, B., SOARES, J. C., CARVALHO, A. F. & QUEVEDO, J.
2016. Role of trophic factors GDNF, IGF-1 and VEGF in major depressive
disorder: A comprehensive review of human studies. Journal of Affective
Disorders, 197, 9-20.

SHARMA, N., TIMMERS, C., TRIKHA, P., SAAVEDRA, H. I., OBERY, A &
LEONE, G. 2006. Control of the p53-p21(CIP1) axis by E2f1, E2f2, and E2f3 is
essential for G(1)/S progression and cellular transformation. Journal of Biological
Chemistry, 281, 36124-36131.

SHATS, I, DENG, M. DAVIDOVICH, A. ZHANG, C., KWON, J. S,
MANANDHAR, D., GORDAN, R., YAO, G. & YOU, L. C. 2017. Expression
level is a key determinant of E2F1-mediated cell fate. Cell Death and
Differentiation, 24, 626-637.

SHELINE, Y. I, SANGHAVI, M., MINTUN, M. A. & GADO, M. H. 1999. Depression
duration but not age predicts hippocampal volume loss in medically healthy
women with recurrent major depression. Journal of Neuroscience, 19, 5034-5043.

SHENOQOY, N., STENSON, M., LAWSON, J., ABEYKOON, J., PATNAIK, M., WU, X.
S. & WITZIG, T. 2017. Drugs with anti-oxidant properties can interfere with cell

267



viability measurements by assays that rely on the reducing property of viable
cells. Laboratory Investigation, 97, 494-497.

SHIBATA, T., YAMAGATA, H., UCHIDA, S., OTSUKI, K., HOBARA, T., HIGUCHI,
F., ABE, N. & WATANABE, Y. 2013. The alteration of hypoxia inducible factor-
1 (HIF-1) and its target genes in mood disorder patients. Progress in Neuro-
Psychopharmacology & Biological Psychiatry, 43, 222-229.

SHIM, J. W. & MADSEN, J. R. 2018. VEGF Signaling in Neurological Disorders.
International Journal of Molecular Sciences, 19, doi: 10.3390/ijms19010275.

SIENAERT, P. 2014. Mechanisms of ECT Reviewing the Science and Dismissing the
Myths. Journal of Ect, 30, 85-86.

SINGH, J. B., FEDGCHIN, M., DALY, E. J., DE BOER, P., COOPER, K., LIM, P.,
PINTER, C., MURROUGH, J. W., SANACORA, G., SHELTON, R. C,,
KURIAN, B., WINOKUR, A., FAVA, M., MANJI, H., DREVETS, W. C. &
VAN NUETEN, L. 2016. A Double-Blind, Randomized, Placebo-Controlled,
Dose-Frequency Study of Intravenous Ketamine in Patients With Treatment-
Resistant Depression. American Journal of Psychiatry, 173, 816-826.

SINGHAL, G. & BAUNE, B. T. 2017. Microglia: An Interface between the Loss of
Neuroplasticity and Depression. Frontiers in Cellular Neuroscience, 11, doi:
10.3389/fncel.2017.00270.

SMITH, M. A., MAKINO, S., KVETNANSKY, R. & POST, R. M. 1995. Stress and
glucocorticoids affect the expression of brain-derived neurotrophic factor and
neurotrophin-3 mMRNAs in the hippocampus. Journal of Neuroscience, 15, 1768-
1777.

SONG, L., WANG, C., WANG, M. W., MURAKAMI, Y. & MATSUMOTO, K. 2006.
Impairment of the spatial learning and memory induced by learned helplessness
and chronic mild stress. Pharmacology Biochemistry and Behavior, 83, 186-193.

SORIANO, S. G.,, M.D,, LIU, Q., M.D., PH.D., LI, J.,, M.D., PH.D,, LIU, J.-R., M.D.,
PH.D., HAN, X. H., R.N., KANTER, J. L., PH.D., BAJIC, D., M.D., PH.D. &
IBLA, J. C., M.D. 2010. Ketamine Activates Cell Cycle Signaling and Apoptosis
in the Neonatal Rat Brain. Anesthesiology: The Journal of the American Society
of Anesthesiologists, 112, 1155-1163.

STANELLE,J., STIEWE, T., THESELING, C. C., PETER, M. & PUTZER, B. M. 2002.
Gene expression changes in response to E2F1 activation. Nucleic Acids Research,
30, 1859-1867.

STELZHAMMER, V., HAENISCH, F., CHAN, M. K., COOPER, J. D., STEINER, J.,
STEEB, H., MARTINS-DE-SOUZA, D., RAHMOUNE, H., GUEST, P. C. &
BAHN, S. 2014. Proteomic changes in serum of first onset, antidepressant drug-
naive major  depression patients. International Journal of
Neuropsychopharmacology, 17, 1599-1608.

STEVENS, C. & LA THANGUE, N. B. 2004. The emerging role of E2F-1 in the DNA
damage response and checkpoint control. DNA Repair, 3, 1071-1079.

STUNKEL, W. & CAMPBELL, R. M. 2011. Sirtuin 1 (SIRT1): The Misunderstood
HDAC. Journal of Biomolecular Screening, 16, 1153-1169.

268



SUBRAMANIAN, P., NOTARIO, P. M. & BECERRA, S. P. 2010. Pigment epithelium-
derived factor receptor (PEDF-R): a plasma membrane-linked phospholipase with
PEDF binding affinity. Adv Exp Med Biol, 664, 29-37.

SUIK, D. L. S., DOLS, A., VAN EXEL, E. STEK, M. L., VELTMAN, E.,
BOUCKAERT, F., SIENAERT, P. & RHEBERGEN, D. 2018. Salivary cortisol
as predictor for depression characteristics and remission in electroconvulsive
therapy in older persons. World J Biol Psychiatry, 1-8.

SULLIVAN, P. F., NEALE, M. C. & KENDLER, K. S. 2000. Genetic epidemiology of
major depression: Review and meta-analysis. American Journal of Psychiatry,
157, 1552-1562.

SURGET, A., TANTI, A, LEONARDO, E. D., LAUGERAY, A., RAINER, Q.
TOUMA, C., PALME, R., GRIEBEL, G., IBARGUEN-VARGAS, Y., HEN, R.
& BELZUNG, C. 2011. Antidepressants recruit new neurons to improve stress
response regulation. Molecular Psychiatry, 16, 1177-1188.

SUZUKI, H., SAVITZ, J.,, TEAGUE, T. K., GANDHAPUDI, S. K., TAN, C. B,,
MISAKI, M., MCKINNEY, B. A., IRWIN, M. R.,, DREVETS, W. C. &
BODURKA, J. 2017. Altered populations of natural killer cells, cytotoxic T
lymphocytes, and regulatory T cells in major depressive disorder: Association
with sleep disturbance. Brain Behavior and Immunity, 66, 193-200.

TABATA, H. 2015. Diverse subtypes of astrocytes and their development during
corticogenesis. Frontiers in neuroscience, 9, doi: 10.3389/fnins.2015.00114.

TAKANO, K., YAMASAKI, H., KAWABE, K., MORIYAMA, M. & NAKAMURA,
Y. 2012. Imipramine Induces Brain-Derived Neurotrophic Factor mRNA
Expression in Cultured Astrocytes. Journal of Pharmacological Sciences, 120,
176-186.

TAN, M. L., CHOONG, P. F. M. & DASS, C. R. 2010. Anti-chondrosarcoma effects of
PEDF mediated via molecules important to apoptosis, cell cycling, adhesion and
invasion. Biochemical and Biophysical Research Communications, 398, 613-618.

TANAKA, H., MATSUMURA, I, EZOE, S., SATOH, Y., SAKAMAKI, T.,
ALBANESE, C., MACHII, T., PESTELL, R. G. & KANAKURA, Y. 2002. E2F1
and c-Myc potentiate apoptosis through inhibition of NF-kappa B activity that
facilitates MNnSOD-mediated ROS elimination. Molecular Cell, 9, 1017-1029.

TANG, B. L. 2016. Sirtl and the Mitochondria. Molecules and Cells, 39, 87-95.

TAXIARCHIS, A., MAHDESSIAN, H., SILVEIRA, A., FISHER, R. M. & VAN'T
HOOFT, F. M. 2019. PNPLAZ2 influences secretion of triglyceride-rich
lipoproteins by human hepatoma cells. J Lipid Res, 60, 1069-1077.

THABANE, L., MA, J., CHU, R., CHENG, J., ISMAILA, A, RIOS, L. P., ROBSON,
R., THABANE, M., GIANGREGORIO, L. & GOLDSMITH, C. H. 2010. A
tutorial on pilot studies: the what, why and how. Bmc Medical Research
Methodology, 10, doi: 10.1186/1471-2288-10-1.

TISSENBAUM, H. A. & GUARENTE, L. 2001. Increased dosage of a sir-2 gene extends
lifespan in Caenorhabditis elegans. Nature, 410, 227-230.

TOMBRAN-TINK, J. & BARNSTABLE, C. J. 2003. PEDF: a multifaceted neurotrophic
factor. Nat Rev Neurosci, 4, 628-36.

269



TOMBRANTINK, J., CHADER, G. G. & JOHNSON, L. V. 1991. PEDF - APIGMENT
EPITHELIUM-DERIVED FACTOR WITH POTENT NEURONAL
DIFFERENTIATIVE ACTIVITY. Experimental Eye Research, 53, 411-414.

TSANKOVA, N. M., KUMAR, A. & NESTLER, E. J. 2004. Histone modifications at
gene promoter regions in rat hippocampus after acute and chronic
electroconvulsive seizures. Journal of Neuroscience, 24, 5603-5610.

TSAO, Y. P, HO, T. C., CHEN, S. L. & CHENG, H. C. 2006. Pigment epithelium-
derived factor inhibits oxidative stress-induced cell death by activation of
extracellular signal-regulated kinases in cultured retinal pigment epithelial cells.
Life Sciences, 79, 545-550.

TSEN, P., EL MANSARI, M. & BLIER, P. 2013. Effects of repeated electroconvulsive
shocks on catecholamine systems: Electrophysiological studies in the rat brain.
Synapse, 67, 716-727.

TSYBKO ANTON, S., ILCHIBAEVA TATIANA, V. & POPOVA NINA, K. 2017. Role
of glial cell line-derived neurotrophic factor in the pathogenesis and treatment of
mood disorders. Reviews in the Neurosciences.

TYRKA, A. R., PARADE, S. H., PRICE, L. H., KAO, H. T., PORTON, B., PHILIP, N.
S., WELCH, E. S. & CARPENTER, L. L. 2016. Alterations of Mitochondrial
DNA Copy Number and Telomere Length With Early Adversity and
Psychopathology. Biological Psychiatry, 79, 78-86.

UHER, R., INVESTIGATORS, G., INVESTIGATORS, M. & INVESTIGATORS, S. D.
2013. Common Genetic Variation and Antidepressant Efficacy in Major
Depressive Disorder: A Meta-Analysis of Three Genome-Wide Pharmacogenetic
Studies. American Journal of Psychiatry, 170, 207-217.

UK ECT GROUP, U. 2003. Efficacy and safety of electroconvulsive therapy in
depressive disorders: a systematic review and meta-analysis. Lancet, 361, 799-
808.

USDHHS & RESEARCH., F. C. F. D. E. A. 2001. Guidance for industry: bioanalytical
method validation. Center for Drug Evaluation and Research, Food and Drug
Administration, Rockville, MD., http://www.fda.gov/cder/guidance/index.htm.

VALLE, B. L., D'SOUZA, T., BECKER, K. G., WOOD, W. H., ZHANG, Y. Q.
WERSTO, R. P. & MORIN, P. J. 2013. Non-Steroidal Anti-inflammatory Drugs
Decrease E2F1 Expression and Inhibit Cell Growth in Ovarian Cancer Cells. Plos
One, 8, doi: 10.1371/journal.pone.0061836.

VAN BUEL, E. M., PATAS, K., PETERS, M., BOSKER, F. J,, EISEL, U. L. M. &
KLEIN, H. C. 2015. Immune and neurotrophin stimulation by electroconvulsive
therapy: is some inflammation needed after all? Translational Psychiatry, 5, doi:
10.1038/tp.2015.100.

VAQUERO, A., SCHER, M., LEE, D. H., ERDJUMENT-BROMAGE, H., TEMPST, P.
& REINBERG, D. 2004. Human SirT1 interacts with histone H1 and promotes
formation of facultative heterochromatin. Molecular Cell, 16, 93-105.

VAQUERO, A., SCHER, M. B., LEE, D. H., SUTTON, A., CHENG, H. L., ALT,F. W,
SERRANQO, L., STERNGLANZ, R. & REINBERG, D. 2006. SirT2 is a histone

270



deacetylase with preference for histone H4 Lys 16 during mitosis. Genes &
Development, 20, 1256-1261.

VARGHESE, F. P. & BROWN, E. S. 2001. The Hypothalamic-Pituitary-Adrenal Axis
in Major Depressive Disorder: A Brief Primer for Primary Care Physicians.
Primary Care Companion J Clin Psychiatry, 3, 151-155.

VASU, M. M., ANITHA, A.,, TAKAHASHI, T., THANSEEM, I., IWATA, K,
ASAKAWA, T. & SUZUKI, K. 2016. Fluoxetine Increases the Expression of
miR-572 and miR-663a in Human Neuroblastoma Cell Lines. Plos One, 11, doi:
10.1371/journal.pone.0164425.

VAZIRI, H., DESSAIN, S. K., EAGON, E. N., IMAL, S. |, FRYE, R. A., PANDITA, T.
K., GUARENTE, L. & WEINBERG, R. A. 2001. hSIR2(SIRT1) functions as an
NAD-dependent p53 deacetylase. Cell, 107, 149-159.

VENTRIGLIA, M., ZANARDINI, R., PEDRINI, L., PLACENTINO, A., NIELSEN, M.
G., GENNARELLI, M. & BOCCHIO-CHIAVETTO, L. 2009. VEGF serum
levels in depressed patients during SSRI antidepressant treatment. Progress in
Neuro-Psychopharmacology & Biological Psychiatry, 33, 146-149.

VERKHRATSKY, A. & NEDERGAARD, M. 2018. Physiology of Astroglia.
Physiological reviews, 98, 239-389.

VILLASENOR, A., RAMAMOORTHY, A., DOS SANTOS, M. S., LORENZO, M. P.,
LAJE, G., ZARATE, C., BARBAS, C. & WAINER, I. W. 2014. A pilot study of
plasma metabolomic patterns from patients treated with ketamine for bipolar
depression: evidence for a response-related difference in mitochondrial networks.
British Journal of Pharmacology, 171, 2230-2242.

VLACHOS, |I. S, PARASKEVOPOULOU, M. D., KARAGKOUNI, D,
GEORGAKILAS, G, VERGOULIS, T, KANELLOS, I,
ANASTASOPOULOS, I. L., MANIOU, S, KARATHANOU, K,

KALFAKAKQOU, D., FEVGAS, A., DALAMAGAS, T. & HATZIGEORGIOU,
A. G. 2015. DIANA-TarBase v7.0: indexing more than half a million
experimentally supported miRNA:mRNA interactions. Nucleic Acids Research,
43, D153-D159.

VOGEL, C. & MARCOTTE, E. M. 2012. Insights into the regulation of protein
abundance from proteomic and transcriptomic analyses. Nature Reviews
Genetics, 13, 227-232.

VOS, T., FLAXMAN, A. D., NAGHAVI, M., LOZANO, R., MICHAUD, C., EZZATI,
M., SHIBUYA, K., SALOMON, J. A, ABDALLA, S., ABOYANS, V.,
ABRAHAM, J., ACKERMAN, I., AGGARWAL, R., AHN, S. Y., ALI, M. K,
ALMAZROA, M. A., ALVARADO, M., ANDERSON, H. R., ANDERSON, L.
M., ANDREWS, K. G., ATKINSON, C., BADDOUR, L. M., BAHALIM, A. N.,
BARKER-COLLO, S., BARRERO, L. H., BARTELS, D. H., BASANEZ, M.-
G., BAXTER, A., BELL, M. L., BENJAMIN, E. J., BENNETT, D., BERNABE,
E., BHALLA, K., BHANDARI, B., BIKBOV, B., ABDULHAK, A. B,
BIRBECK, G., BLACK, J. A., BLENCOWE, H., BLORE, J. D., BLYTH, F,,
BOLLIGER, I, BONAVENTURE, A., BOUFOUS, S., BOURNE, R,
BOUSSINESQ, M., BRAITHWAITE, T., BRAYNE, C., BRIDGETT, L.,
BROOKER, S., BROOKS, P., BRUGHA, T. S., BRYAN-HANCOCK, C.,
BUCELLO, C., BUCHBINDER, R., BUCKLE, G., BUDKE, C. M., BURCH,

271



M., BURNEY, P.,, BURSTEIN, R., CALABRIA, B., CAMPBELL, B., CANTER,
C. E., CARABIN, H., CARAPETIS, J, CARMONA, L., CELLA, C,
CHARLSON, F., CHEN, H., CHENG, A. T.-A., CHOU, D., CHUGH, S. S,
COFFENG, L. E.,, COLAN, S. D.,, COLQUHOUN, S., COLSON, K. E.,
CONDON, J.,, CONNOR, M. D., COOPER, L. T., CORRIERE, M.,
CORTINOVIS, M., DE VACCARO, K. C., COUSER, W., COWIE, B. C,,
CRIQUI, M. H., CROSS, M., DABHADKAR, K. C., DAHIYA, M,
DAHODWALA, N., DAMSERE-DERRY, J., DANAEI, G., DAVIS, A., DE
LEO, D., DEGENHARDT, L., DELLAVALLE, R., DELOSSANTQOS, A.,
DENENBERG, J., DERRETT, S., DES JARLAIS, D. C., DHARMARATNE, S.
D., et al. 2012. Years lived with disability (YLDs) for 1160 sequelae of 289
diseases and injuries 1990-2010: a systematic analysis for the Global Burden of
Disease Study 2010. The Lancet, 380, 2163-2196.

VREEBURG, S. A., HOOGENDUK, W. J. G.,, VAN PELT, J., DERIK, R. H,,
VERHAGEN, J. C. M., VAN DYCK, R., SMIT, J. H., ZITMAN, F. G. &
PENNINX, B. 2009. Major Depressive Disorder and Hypothalamic-Pituitary-
Adrenal Axis Activity Results From a Large Cohort Study. Archives of General
Psychiatry, 66, 617-626.

VYTHILINGAM, M., CHEN, J.,, BREMNER, J. D., MAZURE, C. M., MACIEJEWSKI,
P. K. & NELSON, J. C. 2003. Psychotic depression and mortality. American
Journal of Psychiatry, 160, 574-576.

WALLACE, E., WRIGHT, S., SCHOENIKE, B., ROOPRA, A., RHO, J. M. &
MAGANTI, R. K. 2018. Altered circadian rhythms and oscillation of clock genes
and sirtuin 1 in a model of sudden unexpected death in epilepsy. Epilepsia, 59,
1527-15309.

WANG, D. 2008. Discrepancy between mRNA and protein abundance: insight from
information retrieval process in computers. Computational biology and
chemistry, 32, 462-468.

WANG, J., HELIN, K., JIN, P. & NADALGINARD, B. 1995. Inhibition of in vitro
myogenic differentiation by cellular transcription factor E2F1. Cell Growth &
Differentiation, 6, 1299-1306.

WANG, N. N., WU, Y. P,, ZENG, N., WANG, H. P.,, DENG, P., XU, Y., FENG, Y. P.,
ZENG, H., YANG, H. X., HOU, K., WANG, A., PARTHASARATHY, K.,
GOYAL, S., QIN, G. J. & WU, M. 2016. E2F1 Hinders Skin Wound Healing by
Repressing Vascular Endothelial Growth Factor (VEGF) Expression,
Neovascularization, and Macrophage Recruitment. Plos One, 11, doi:
10.1371/journal.pone.0160411.

WANG, S.-M., HAN, C., BAHK, W.-M.,, LEE, S.-J., PATKAR, A. A., MASAND, P. S.
& PAE, C.-U. 2018a. Addressing the Side Effects of Contemporary
Antidepressant Drugs: A Comprehensive Review. Chonnam Med J, 54, 101-112.

WANG, X., LIU, X,, REN, Y., LIU, Y., HAN, S. Y., ZHAO, J. K., GOU, X. C. & HE,
Y. 2019. PEDF protects human retinal pigment epithelial cells against oxidative
stress via upregulation of UCP2 expression. Molecular Medicine Reports, 19, 59-
74.

272



WANG, X., WANG, B., ZHAO, J., LIU, C.,QU, X. & LI, Y. 2018b. MiR-155 is involved
in major depression disorder and antidepressant treatment via targeting SIRTL.
Bioscience Reports, 38, doi: 10.1042/BSR20181139.

WANG, X., XIU, P.,, WANG, F., ZHONG, J. T., WEI, H. L., XU, Z. Z,, LIU, F. & L1, J.
2017. P18 peptide, a functional fragment of pigment epithelial-derived factor,
inhibits  angiogenesis in  hepatocellular carcinoma via modulating
VEGF/VEGFR?2 signalling pathway. Oncology Reports, 38, 755-766.

WARNER-SCHMIDT, J. L. & DUMAN, R. S. 2007. VEGF is an essential mediator of
the neurogenic and behavioral actions of antidepressants. Proceedings of the
National Academy of Sciences of the United States of America, 104, 4647-4652.

WATANABE, I, LI, G. Y., IMAMURA, Y., NABETA, H., KUNITAKE, Y., ISHII, H.,
HARAGUCHI, M., KOJIMA, N. & YAMADA, S. 2012. Association of saliva 3-
methoxy-4-hydroxyphenylglycol levels and a later depressive state in older
subjects living in a rural community: 3-year follow-up study. International
Journal of Geriatric Psychiatry, 27, 321-326.

WEI, Y., ZHU, J,, PAN, S., SU, H., LI, H. & WANG, J. 2017. Meta-analysis of the
Efficacy and Safety of Repetitive Transcranial Magnetic Stimulation (rTMS) in
the Treatment of Depression. Shanghai archives of psychiatry, 29, 328-342.

WEISSMAN, M. M., BLAND, R. C.,, CANINO, G. J, FARAVELLI, C,
GREENWALD, S., HWU, H. G., JOYCE, P. R., KARAM, E. G, LEE, C. K,
LELLOUCH, J,, LEPINE, J. P., NEWMAN, S. C., RUBIOSTIPEC, M., WELLS,
J.E., WICKRAMARATNE, P.J.,, WITTCHEN, H. U. & YEH, E. K. 1996. Cross-
national epidemiology of major depression and bipolar disorder. Jama-Journal of
the American Medical Association, 276, 293-299.

WHITTLE, J. R.,, POWELL, M. J,, POPOV, V. M., SHIRLEY, L. A.,, WANG, C. &
PESTELL, R. G. 2007. Sirtuins, nuclear hormone receptor acetylation and
transcriptional regulation. Trends in Endocrinology and Metabolism, 18, 356-
364.

WHO 1992. International statistical classification of diseases and related health
problems. Geneva, https://www.who.int/classifications/icd/en/.

WHO 2017. Depression Fact Sheet. [ONLINE] Available at: http://
www.who.int/mediacentre/factsheets/fs369/en/, Accessed date: 31 March 2018.

WILKINSON, S. T., SANACORA, G. & BLOCH, M. H. 2017. Hippocampal VVolume
Changes Following Electroconvulsive Therapy: A Systematic Review and Meta-
analysis. Biological Psychiatry-Cognitive Neuroscience and Neuroimaging, 2,
327-335.

WILLIAMS, N. R., HEIFETS, B. D., BLASEY, C., SUDHEIMER, K., PANNU, J.,
PANKOW, H., HAWKINS, J., BIRNBAUM, J., LYONS, D. M., RODRIGUEZ,
C. I. & SCHATZBERG, A. F. 2018. Attenuation of Antidepressant Effects of
Ketamine by Opioid Receptor Antagonism. American Journal of Psychiatry, 175,
1205-1215.

WIRTH, A., HOLST, K. & PONIMASKIN, E. 2017. How serotonin receptors regulate
morphogenic signalling in neurons. Progress in Neurobiology, 151, 35-56.

273



WOLKOWITZ, O. M., MELLON, S. H., LINDQVIST, D., EPEL, E. S., BLACKBURN,
E. H., LIN, J.,, REUS, V. I, BURKE, H., ROSSER, R., MAHAN, L., MACKIN,
S.,, YANG, T., WEINER, M. & MUELLER, S. 2015. PBMC telomerase activity,
but not leukocyte telomere length, correlates with hippocampal volume in major
depression. Psychiatry Research-Neuroimaging, 232, 58-64.

WON, J., CHANG, S., OH, S. & KIM, T. K. 2004. Small-molecule-based identification
of dynamic assembly of E2F-pocket protein-histone deacetylase complex for
telomerase regulation in human cells. Proceedings of the National Academy of
Sciences of the United States of America, 101, 11328-11333.

WON, J. J.,, YIM, J. B. & KIM, T. K. 2002. Opposing regulatory roles of E2F in human
telomerase reverse transcriptase ("nTERT) gene expression in human tumor and
normal somatic cells. Faseb Journal, 16, 1943-1945.

WU, M., ZHOU, J. L., CHENG, M., BORIBOUN, C., BIYASHEV, D., WANG, H.,
MACKIE, A., THORNE, T., CHOU, J.,, WU, Y. P,, CHEN, Z. S., LIU, Q. H.,
YAN, H. B., YANG, Y., JIE, C. F.,, TANG, Y. L., ZHAO, T. C., TAYLOR, R.
N., KISHORE, R., LOSORDO, D. W. & QIN, G. J. 2014. E2F1 suppresses
cardiac neovascularization by down-regulating VEGF and PIGF expression.
Cardiovascular Research, 104, 412-422.

XU, H. B., ZHANG, R. F., LUO, D., ZHOU, Y., WANG, Y., FANG, L., LI, W. J., MU,
J., ZHANG, L. H., ZHANG, Y. K. & XIE, P. 2012. Comparative proteomic
analysis of plasma from major depressive patients: identification of proteins
associated with lipid metabolism and immunoregulation. International Journal of
Neuropsychopharmacology, 15, 1413-1425.

YABE, T., HERBERT, J. T., TAKANOHASHI, A. & SCHWARTZ, J. P. 2004.
Treatment of cerebellar granule cell neurons with the neurotrophic factor pigment
epithelium-derived factor in vitro enhances expression of other neurotrophic
factors as well as cytokines and chemokines. Journal of Neuroscience Research,
77, 642-652.

YABE, T., SANAGI, T., SCHWARTZ, J. P. & YAMADA, H. 2005. Pigment
epithelium-derived factor induces pro-inflammatory genes in neonatal astrocytes
through activation of NF-kappa B and CREB. Glia, 50, 223-34.

YABE, T., WILSON, D. & SCHWARTZ, J. P. 2001. NFkappaB activation is required
for the neuroprotective effects of pigment epithelium-derived factor (PEDF) on
cerebellar granule neurons. J Biol Chem, 276, 43313-433109.

YAMADA, M. K. 2016. Angiogenesis in refractory depression: A possible phenotypic
target to avoid the blood brain barrier. Drug Discoveries and Therapeutics, 10,
74-78.

YAN, B. X., ZHENG, Y. X., LI, W., CHEN, J. Q., ZHOU, J., CAI, S. Q., ZHENG, M.
& MAN, X. Y. 2018. Comparative Expression of PEDF and VEGF in Human
Epidermal Keratinocytes and Dermal Fibroblasts: from Normal Skin to Psoriasis.
Discovery Medicine, 25, 47-56.

YANG, J. J.,, WANG, N., YANG, C,, SHI, J. Y., YU, H. Y. & HASHIMOTO, K. 2015.
Serum Interleukin-6 Is a Predictive Biomarker for Ketamine's Antidepressant
Effect in Treatment-Resistant Patients With Major Depression. Biological
Psychiatry, 77, E19-E20.

274



YASUDA, T., FUKUDA-TANI, M., NIHIRA, T., WADA, K., HATTORI, N,
MIZUNO, Y. & MOCHIZUKI, H. 2007. Correlation between levels of pigment
epithelium-derived factor and vascular endothelial growth factor in the striaturn
of patients with Parkinson's disease. Experimental Neurology, 206, 308-317.

YEUNG, F., HOBERG, J. E.,, RAMSEY, C. S., KELLER, M. D., JONES, D. R., FRYE,
R.A. & MAYO, M. W. 2004. Modulation of NF-kappa B-dependent transcription
and cell survival by the SIRT1 deacetylase. Embo Journal, 23, 2369-2380.

ZAKHARY, S. M., AYUBCHA, D., ANSARI, F., KAMRAN, K., KARIM, M.,
LEHESTE, J. R.,, HOROWITZ, J. M. & TORRES, G. 2011. A behavioral and
molecular analysis of ketamine in zebrafish. Synapse 65, 160-167.

ZANQOS, P., THOMPSON, S. M., DUMAN, R. S., ZARATE, C. A. & GOULD, T. D.
2018. Convergent Mechanisms Underlying Rapid Antidepressant Action. Cns
Drugs, 32, 197-227.

ZARATE, C. A., SINGH, J. B., CARLSON, P. J.,, BRUTSCHE, N. E., AMELI, R,
LUCKENBAUGH, D. A.,, CHARNEY, D. S. & MANIJI, H. K. 2006. A
randomized trial of an N-methyl-D-aspartate antagonist in treatment-resistant
major depression. Archives of General Psychiatry, 63, 856-864.

ZHANG, W. J., HUANG, Q. B., ZENG, Z. H., WU, J., ZHANG, Y. Y. & CHEN, Z. Q.
2017. Sirtl Inhibits Oxidative Stress in Vascular Endothelial Cells. Oxidative
Medicine and Cellular Longevity, doi: 10.1155/2017/7543973.

ZHANG, Y., MA, A., WANG, L. & ZHAO, B. 2016. Nornicotine and nicotine induced
neovascularization via increased VEGF/PEDF ratio Ophthalmic Research, 55,
163-163.

ZHANG, Y. G., YANG, H. L., ZHANG, Y. P.,, MA, Q. L., LONG, Y. & ZHENG, Z. X.
2018. Pigment epithelium-derived factor/vascular endothelial growth factor ratio
for early prediction of preeclampsia: A prospective multicenter study in China.
Pregnancy Hypertens, 14, 43-48.

ZHAO, L., AN, R,, YANG, Y., YANG, X. M., LIU, H. X., YUE, L., LI, X,, LIN, Y.,
REITER, R.J. & QU, Y. 2015. Melatonin alleviates brain injury in mice subjected
to cecal ligation and puncture via attenuating inflammation, apoptosis, and
oxidative stress: the role of SIRT1 signaling. Journal of Pineal Research, 59, 230-
239.

ZHENG, Z., CHEN, H. B., ZHAO, H., LIU, K., LUO, D. W., CHEN, Y. D., CHEN, Y.
H., YANG, X. L., GU, Q. & XU, X. 2010. Inhibition of JAK2/STAT3-Mediated
VEGF Upregulation under High Glucose Conditions by PEDF through a
Mitochondrial ROS Pathway In Vitro (vol 51, pg 64, 2010). Investigative
Ophthalmology & Visual Science, 51, 6912-6912.

ZHOU, W., WANG, N., YANG, C,, LI, X. M., ZHOU, Z. Q. & YANG, J. J. 2014.
Ketamine-induced antidepressant effects are associated with AMPA receptors-
mediated upregulation of mTOR and BDNF in rat hippocampus and prefrontal
cortex. European Psychiatry, 29, 419-423.

ZHU, L.Q., XIE,J. Y., LIU, Z. Y., HUANG, Z. J., HUANG, M., YIN, H. F., QI, W. W.,
YANG, Z. G., ZHOU, T., GAO, G. Q., ZHANG, J. & YANG, X. 2018. Pigment
epithelium-derived factor/vascular endothelial growth factor ratio plays a crucial

275



role in the spontaneous regression of infant hemangioma and in the therapeutic
effect of propranolol. Cancer Science, 109, 1981-1994.

ZHU, Y., WANG, K., MA, Z., LIU, D., YANG, Y., SUN, M., WEN, A., HAO, Y., MA,
S., REN, F., XIN, Z., L1, Y., DI, S. & LIU, J. 2019. SIRT1 activation by butein
attenuates sepsis-induced brain injury in mice subjected to cecal ligation and
puncture via alleviating inflammatory and oxidative stress. Toxicology and
Applied Pharmacology, 363, 34-46.

ZHU, Y. H.,JIN, K. L., MAQ, X. 0. & GREENBERG, D. A. 2003. Vascular endothelial
growth factor promotes proliferation of cortical neuron precursors by regulating
E2F expression. Faseb Journal, 17, 186-193.

ZHUANG, W., ZHANG, H., PAN, J. J., LI, Z. M., WEI, T. T., CUI, H. Z,, LIU, Z. W.,
GUAN, Q. H., DONG, H. Y. & ZHANG, Z. M. 2016. PEDF and PEDF-derived
peptide 44mer inhibit oxygen-glucose deprivation-induced oxidative stress
through upregulating PPAR gamma via PEDF-R in H9c2 cells. Biochemical and
Biophysical Research Communications, 472, 482-488.

ZILLIKENS, M. C., VAN MEURS, J. B. J.,, RIVADENEIRA, F., AMIN, N., HOFMAN,
A., OOSTRA, B. A, SIJBRANDS, E. J. G.,, WITTENTAN, J. C. M., POLS, H.
A. P., VAN DUIN, C. M. & UITTERLINDEN, A. G. 2009. SIRT1 Genetic
Variation Is Related to BMI and Risk of Obesity. Diabetes, 58, 2828-2834.

ZUPAN, G., PILIPOVIC, K., HRELJA, A. & PETERNEL, S. 2008. Oxidative stress
parameters in different rat brain structures after electroconvulsive shock-induced
seizures. Progress in Neuro-Psychopharmacology and Biological Psychiatry, 32,
771-777.

ZWEIG, M. H. & CAMPBELL, G. 1993. Receiver-operating characteristic (ROC) plots:
a fundamental evaluation tool in clinical medicine. Clinical Chemistry, 39, 561-
577.

276



