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CHAPTER

Introduction

As a broad diagnosis, mood disorders include both Major Depressive Disorder (MDD)
and Bipolar Disorder (BD), which are distinguished by the presence of only depressive
episodes in the former, and accompanying or isolated manic or hypomanic episodes in
the latter. Common symptoms of MDD comprise depressed mood, anhedonia, sleep
and appetite disturbance, loss of energy and sexual drive, feelings of worthlessness,
concentration problems and recurrent thoughts of suicide, whereas mania, which can
be considered the other end of the spectrum, is characterized by elevated or irritable
mood, increased self-esteem, increased goal-directed and risky pleasurable activities,
concentration problems, excessive talking, racing thoughts and sleep disturbance.
MDD and BD were categorized as Mood Disorders in the Diagnostic and Statistical
Manual of Disease (DSM) 4th Edition (APA, 2000); however, the most recent version
of DSM includes two distinct chapters titled Depressive Disorders and Bipolar and
Related Disorders, respectively (APA, 2013).
Mood disorders are among the most common psychiatric diagnoses leading to
high rates of morbidity and mortality. According to a recent study, lifetime morbid
risk (i.e., the proportion of people who will eventually develop the disorder at some
time in their life whether or not they have a lifetime history at the time of assessment)
/12-month prevalence estimates of broad category of mood disorders, MDD and BD
in the United States are 29.9/8.6% and 4.1/1.8%, respectively (Kessler et al., 2012).
The most recent Global Burden of Disease report, which provides a list of diseases
and injuries ranked according to disability-adjusted life years (DALYs) worldwide,
has shown that MDD has increased from 15th to 11th place with a 37% increase from
1990 (Murray et al., 2012). MDD ranked even higher in developed regions, e.g. 5th
in Central Europe and the United States(Murray et al., 2012). Suicide is the most
worrisome outcome of mood disorders; with lifetime rates of suicide attempts around
30% in bipolar disorder and 15% in unipolar depressive disorder (Chen and Dilsaver,
1996, Leverich et al., 2003).
Over the years, there has been progress in providing safe and effective treatments
of mood disorders. However, current medications are still far from being the ideal
option. The rates of subsyndromal symptoms causing decreases in quality of life
and the prevalence of treatment-resistant cases are exceptionally high in both MDD
and BD. Strikingly, the STAR-D trial demonstrated that only one-third of patients
diagnosed with MDD reach remission with citalopram, a selective serotonin reuptake
inhibitor (SSRI), which was chosen as the first level treatment in this study (Rush
et al., 2006). Similarly, maintenance studies in BD show that even lithium, which
is closest to the definition of an ideal mood stabilizer among current psychotropic
agents and remains the cornerstone of treatment in BD for over 60 years, has limited
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success as a monotherapy in the majority of patients with BD (Balance investigators
collaborators et al., 2010).
Overall, it appears that there are certainly several unmet needs in the treatment of
mood disorders, and the pathogenesis should be elucidated in the first place to develop
promising medications with novel mechanism of action.
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Neurobiology of mood disorders: monoamine theory and
beyond
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The majority of our current established knowledge on the pathogenesis of mood
disorders is based on the thorough investigation of the mechanisms of action of
serendipitously discovered medications with therapeutic effects in mood disorders.
For example, the discovery of mood elevating effects of iproniazid, which was
primarily designed to treat tuberculosis, lead to the emergence of the monoamine
theory of mood disorders. In the same manner, the mood balancing effects of valproate,
originally used to treat epilepsy, precipitated the development of the kindling theory
in BD (Baumeister et al., 2010). Initially, decreased availability of noradrenalin in the
central nervous system was put forward as the underlying pathophysiological basis
for MDD according to monoamine theory. Subsequently, depletion of serotonin has
been emphasized; and recent evidence strongly counts the importance of dopamine
(Hasler, 2010). Over the years, monoamine theory has proven itself to be the most
widely accepted underlying pathophysiological mechanism for MDD and BD,
and is supported by a great amount of evidence. All current antidepressants target
monoamine systems. However, the monoamine theory is still far from explaining all
features of mood disorders. Moreover, the response rates of current monoaminergic
medications do not meet expectations, particularly in recurrent MDD and bipolar
depression (Rush et al., 2006, Pacchiarotti et al., 2013). Another emerging theory in
mood disorders emphasizes the importance of the imbalance between glutamate and
gamma-aminobutyric acid (GABA) neurotransmission. A single dose of ketamine,
a glutamate N-methyl-D-aspartate (NMDA) receptor antagonist, showed rapid and
large antidepressant effects in patients with treatment-resistant MDD in several
clinical trials, and neuroimaging, genetic and postmortem studies show evidence for
glutamate and GABA neurotransmission (Aan Het Rot et al., 2012, Krystal et al.,
2013).
In addition to these theories, current progress in methodological techniques as
well as contemporary evidence based on genetic findings led to research into cellular
signaling networks, e.g. protein kinase C (PKC), glycogen synthase kinase 3β
(GSK3β), and neurotrophic factors, e.g. nerve growth factor (NGF) and brain-derived

neurotrophic factor (BDNF) that might be involved in the pathogenesis of mood
disorders (Martinowich et al., 2009, Hasler, 2010).

A growing body of evidence shows that immune-related mechanisms underpinning
the pathogenesis of mood disorders may be promising; therefore, comprehension
of these mechanisms may contribute to the development of novel treatment options
providing better prognosis for these disabling psychiatric conditions. The link between
the immune system and mood disorders has long been observed in clinical practice far
before methodological studies were performed. These clinical observations confirm
that: (i) sickness-like behaviors (i.e. somnolence, fatigue, loss of appetite, loss of
interest) which resemble core features of mood disorders are commonly observed
in the diseases originating from altered immune function, e.g. Crohn’s disease (CD),
rheumatoid arthritis (RA), multiple sclerosis (MS) (Dantzer, 2004, Gold and Irwin,
2009, Minderhoud et al., 2007, Helzer et al., 1984); (ii) anti-inflammatory treatments
used in these conditions, i.e. infliximab, adalimumab, etanercept have mood regulating
effects (Soczynska et al., 2009); (iii) mood symptoms are common side-effects of
pro-inflammatory treatments such as interferon (IFN) used in hepatitis C treatment
(Asnis and De La Garza, 2005); (iv) the rates of medical illness comorbidity involving
immune dysregulation, e.g. diabetes mellitus, cardiovascular illness, are remarkably
high in mood disorders (Beyer et al., 2005, Musselman et al., 1998).
Later controlled studies confirmed those early observations. The risk of MDD
was more than two-fold increased in CD, MS and RA when compared to the general
population (Siegert and Abernethy, 2005, Dickens et al., 2002, Kurina et al., 2001,
Loftus et al., 2011). Obviously, one may argue that the increased prevalence of MDD
comorbidity is due to general burden of chronic debilitating diseases. However, a
large study investigating the effects of etanercept in patients with psoriasis showed
that these antidepressant effects appeared to be independent of the disease activity, as
shown through objective measures of skin clearance or joint pain (Tyring et al., 2006).
In the light of these findings, several studies aimed to investigate the safety and efficacy
of medication with tumor necrosis factor alpha (TNF-α) antagonist properties, such
as minocyline and infliximab, in treatment-resistant unipolar and bipolar depression
(Raison et al., 2012, Savitz et al., 2012, Miyaoka et al., 2012). Recently, Raison et al.
demonstrated that infliximab displayed antidepressant effects in depressed patients
with increased inflammation (as demonstrated by high circulating C-reactive protein
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relationship between immune-related diseases and mood
disorders
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(CRP) and TNF-α concentrations) at baseline (Raison et al., 2012). However, whole
sample analysis showed no difference between infliximab and placebo, which in turn
leads to think about the possibility of a distinct subtype of depression precipitated by
an aberrant immune functioning.
These findings suggest that one possible approach to help clarify the relationship
between mood disorders and immune system function may be to focus on medical
illnesses with certain immune pathogenesis and the effects of immune-modulatory
agents. Chapter 5 presents a study investigating the impact of infliximab, a
TNF-α antagonist, in CD patients on depressive symptoms, and the possibility
that improvement of depressive symptoms occurs in parallel with changes in TRP
availability imposed by a reduction in inflammation as reflected by levels of acute
phase proteins (APP).
In addition to the clinical evidence highlighted above, findings from translational
research point to neuroendocrine and neuroimmune alterations in mood disorders.
These include abnormal functioning of the Hypothalamic-Pituitary-Adrenal (HPA)
axis, imbalance of pro-inflammatory/anti-inflammatory cytokine activity, and
inflammation-induced tryptophan degradation pathway.

6

The role of a disturbed cytokine network
Cytokines are small glycoproteins that primarily serve as chemical messengers in
the regulation of immune response by interacting with numerous cells and other
biochemical mediators (Kronfol and Remick, 2000). Several proposed theories for
communication between cytokines and brain cells demonstrate that cytokines display
both peripheral and central effects and play a role in neural plasticity in both normal
development such as synaptic pruning as well as in disease-related apoptosis (Watkins
et al., 1995, Gibney and Drexhage, 2013, Kronfol and Remick, 2000). A considerable
amount of evidence suggests that cytokines play an important role in the pathogenesis
of mood disorders by interacting with several biological pathways, i.e. corticotropinreleasing hormone (CRH), and IFN-γ induced indoleamine 2,3-dioxygenase (IDO)
activity leading to increased neurotoxic molecules, TNF-α modulated nuclear factor
kappa-light-chain-enhancer of activated B cells (NF- B) induced apoptosis (Brietzke
and Kapczinski, 2008, Soczynska et al., 2009, Dantzer et al., 2008).
Abnormal functioning of the HPA-axis in mood disorders has been implicated in
research showing increased cortisol levels, impaired dexamethasone suppression, and
blunted adrenocorticotrophic hormone (ACTH) release (Carpenter and Bunney, 1971,
Rubin, 1967, Gibbons and Mc, 1962, Nuller and Ostroumova, 1980, Holsboer et al.,
1986). In earlier studies, depression had been associated with accompanying mild
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suppression of the immune system, as evidenced by lower proliferative responses of
lymphocytes and reduced activity of Natural Killer (NK) cells (Zorrilla et al., 2001).
As knowledge about the immune system has been extended, it has become clear that
depression is indeed a pro-inflammatory state accompanied by increased levels of
inflammatory mediators and activated immune cells.
In the early 1990s, the macrophage theory of depression was first coined based on
an extensive synthesis of the available literature at the time (Smith, 1991). According
to this theory, depression is a pro-inflammatory state evidenced by activated
lymphocytes, hyperactive HPA-axis, increased concentration of acute phase response
reactants and pro-inflammatory cytokines such as interleukin (IL)-1, IL-6 and
TNF-α. Although the theory brings a new insight about the role of immune-related
mechanisms in the pathogenesis of depression, more clinical studies were required to
directly test this theory (Dantzer et al., 2008). Over the last two decades, a substantial
amount of research has provided critical evidence further supporting this theory,
which has evolved to a more comprehensive inflammatory and (neuro)degenerative
(I&ND) hypothesis of depression” (Maes, 2011). MDD is associated with increased
immune activation as demonstrated by pro-inflammatory/anti-inflammatory cytokine
imbalance (Schiepers et al., 2005). Large-scale studies and meta-analyses report
increased circulating CRP (Howren et al., 2009, Wium-Andersen et al., 2013), IL-1
(Howren et al., 2009), IL-6 (Howren et al., 2009, Dowlati et al., 2010), and TNF-α
(Dowlati et al., 2010) in patients with MDD. Moreover, it appears that immune
activation is associated with treatment resistance in MDD given that increased TNF-α
concentration at baseline predicts poor antidepressant response over the course of
illness (Myint et al., 2005, Eller et al., 2008).
Consequently, the immune theory has been extended to include BD because of
its proximity to depression. This has been tested in numerous samples. Increased
concentrations of pro-inflammatory cytokines, e.g. TNF-α, IL-6 and increased
oxidative stress have been observed during manic episodes, indicating an escalated
immune response (Kim et al., 2004, Ortiz-Dominguez et al., 2007, Tsai et al., 1999,
Brietzke et al., 2009, O’Brien et al., 2006, Breunis et al., 2003, Drexhage et al., 2011).
Similar to unipolar depression, bipolar depression might also be considered a proinflammatory state; however, more studies are re uired to reach a certain conclusion
(O’Brien et al., 2006, Brietzke et al., 2009, Ortiz-Dominguez et al., 2007).
Recently, the TNF-α signaling pathway was proposed as one of the critical
molecular targets involved in pathogenesis of BD based on the evidence showing
increased TNF-α concentration in manic episodes which are maintained throughout
euthymia, and the beneficial effects of TNF-α antagonists on depressive symptoms
(Brietzke and Kapczinski, 2008, Soczynska et al., 2009). Pathological TNF-α
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concentrations disturb the NF- B-modulated dual signaling cascade, which regulates
apoptosis cell survival in neurons and microglia by binding to its receptor, TNF-R1
(Tracey et al., 2008). Neurotrophic factors such as BDNF and NGF were proposed as
protective factors that may limit the above-mentioned immune-activated neuronal loss
(Brietzke and Kapczinski, 2008). Taking into account the accumulating evidence, it is
reasonable to argue that BD is associated with immune system disturbances. The most
intriguing question, however, is whether these immune changes are solely unique to
the acute episodes as state markers or whether they persist throughout euthymia as
trait markers.
Unfortunately, the cyclic nature of BD as well as the confounding effects of
psychiatric medications on immune markers constitute a challenge in addressing this
topic. Chapter 2 presents a study investigating whether there were any differences
in pro- and anti-inflammatory cytokine balance (IFN-γ, TNF-α, IL-2, IL-4, IL-5, and
IL-10) between euthymic BD patients (medication-free and lithium-monotherapy
groups) and healthy controls, and if so whether these differences were trait markers or
due to the confounding effect of the medication.
According to the model proposed for staging BD with the use of biomarkers,
progression through later stages with social and cognitive dysfunction and persistent
subsyndromal symptoms in euthymia is associated with increased oxidative stress
and inflammation, demonstrated peripherally by high 3-nitrotyrosine and TNF-α
concentrations and low IL-10 and BDNF concentrations (Kapczinski et al., 2009).
The Latent Stage is defined by a positive family history of mood disorders, and
subthreshold mood or anxiety symptoms. Stage 1 is defined by euthymic periods
without overt psychiatric symptoms. Stage 2 is defined by subthreshold symptoms in
euthymia and comorbid psychiatric disorders. Stage 3 is defined by marked impairment
in cognition and functioning. Stage 4 is defined by the need of a caregiver in daily life
due to severe impairment in cognition and functioning. Based on these findings and
our previous work primarily focusing on the cytokine network in euthymic patients
with BD, chapter 4 presents a study investigating whether there is an ongoing chronic
pro-inflammatory process in euthymic bipolar patients with subsyndromal symptoms,
characterized by higher concentrations of soluble tumor necrosis factor receptor-1
(sTNF-R1), soluble interleukin-6 receptor (sIL-6R) and soluble interleukin-2 receptor
(sIL-2R).

Tryptophan catabolite pathway
Tryptophan (TRP) is an essential amino acid, which serves as a precursor of serotonin.
Studies show that TRP depletion leads to the emergence of depressive symptoms
8
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in remitted MDD patients as well as in individuals with an increased risk of MDD
(Delgado et al., 1990, Bell et al., 2005). In addition, low peripheral TRP concentrations
and low TRP availability (TRP/competing amino acids) have been demonstrated in
patients with MDD (Maes et al., 1996, Maes et al., 1986, Dantzer et al., 2008, Cowen
et al., 1989). Therefore, the role of the serotonin-kynurenine metabolic pathway in
the pathogenesis of MDD was originally formulated with more emphasis on immuneactivated TRP metabolism leading to serotonin deficiency (Oxenkrug, 2013). In
the light of evidence showing various effects of TRP metabolites on the Central
Nervous System, the emphasis shifted toward the neurotoxic role of TRP metabolites
(Oxenkrug, 2013). In normal conditions, the majority of TRP is catabolized in the liver
by tryptophan dioxygenase (TDO); and the amount catabolized by the extrahepatic
enyzme IDO is negligible (Wichers and Maes, 2004, Myint et al., 2012). However,
IFN-γ and TNF-α-induced IDO activity increases during inflammatory conditions.
Consequently, TRP availability for the synthesis of serotonin decreases, and increased
activity of IDO leads to formation of kynurenine (KYN). KYN is either catabolized to
3-hydroxykynurenine (3-HK) by kynurenine-3-monoxygenase (K3MO) or kynurenic
acid (KA) by kynurenine aminotransferase. 3HK is considered a neurotoxic metabolite,
which increases reactive oxygen species and lipid peroxidation; whereas KA is
speculated to be a neuroprotective molecule serving as an NMDA antagonist (Myint
et al., 2012, Myint and Kim, 2013). However, it should also be noted that excessive
KA may also impair cognitive functioning under non-physiological conditions due
to glutamatergic hypo-functioning. 3HK is further catabolized to another neurotoxic
metabolite, quinolinic acid (QA), which is an NMDA agonist inducing excitotoxicity
(Myint and Kim, 2013). In the brain, astrocytes degrade KYN to KA, whereas
microglias produce QA from KYN.
Studies showed increased levels of neurotoxic TRP catabolites in patients with
MDD (Myint et al., 2007, Myint et al., 2013). Higher concentrations of KYN KA
(KYN turnover ratio) and QA during treatment with IFN-α therapy were associated
with depressive symptoms and subsequent depressive episodes (Kenis et al., 2011).
In vitro studies demonstrate antidepressants re-establish the balance between
neuroprotective and neurotoxic metabolites in astrocyte cultures (Krause et al., 2012,
Kocki et al., 2012). However, there is limited knowledge about the in vivo effects
of available treatments for MD on the TRP-KYN catabolite pathway. In chapter
6, a study focusing on the long-term effects of electroconvulsive therapy (ECT) on
immune-modulated catabolic pathway of TRP-KYN is presented. Moreover, chapter
5 presents a study investigating the possible influence of TNF-α antagonist, infliximab
on TRP availability in patients with CD.
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Current evidence indicates that nearly all psychiatric medications have an effect
on the immune system (Pollmacher et al., 2000, Hannestad et al., 2011). Certainly,
lithium first comes to mind when the immune-modulating effects of psychiatric
medications are considered. In fact, the efficacy of adjuvant lithium treatment was
investigated in many other medical illnesses based on its immune-modulating effects,
such as in antiviral therapy for the herpes simplex virus (Amsterdam et al., 1990)
and human immunodeficiency infections (Ances et al., 2008), clozapine induced
leukopenia (Mattai et al., 2009), and hematopoietic and thyroid cancers (Yung, 1984).
Unfortunately, these immune-modulating effects are also partly responsible for several
different side-effects of lithium such as psoriasis (Knijff et al., 2005) and dysregulation
of thyroid functioning (Lazarus, 2009). In this regard, the immunomodulatory effects
of lithium have been investigated extensively in both in vivo and in vitro studies. IL-2,
sIL-2R and sIL-6R concentrations were increased in healthy volunteers after 30 days
of lithium treatment; whereas lithium treatment normalized increased levels of sIL-2R
and sIL-6R in rapid cycling bipolar patients (Rapaport et al., 1999). Increased IL-4
and IL-10, and decreased IL-2 and IFN-γ production in monocytes exposed to lithium
in healthy volunteers has been observed (Rapaport and Manji, 2001). Overall, these
findings indicate that lithium treatment might be beneficial in normalizing mild immune
activation through suppressing pro-inflammatory cytokines, while up-regulating
cytokines with anti-inflammatory properties in patients with BD. However, data are
inconclusive to clarify the effect of lithium on healthy volunteers. Lower numbers
of IL-2, IL-6, IL-10 and IFN-γ secreting cells in comparison to healthy volunteers
were found in patients with BD on chronic lithium treatment over 3 months, and in
originally medication-naive patients after 3 months of lithium treatment (Boufidou
et al., 2004). Additionally, the addition of lithium in vitro restores the imbalanced
production of IL-1β and IL-6 by monocytes (abnormal IL-1β /IL-6 production ratio)
(Knijff et al., 2007). In the light of these findings, lithium can be contemplated as a
complex immune-regulatory molecule influencing both pro- inflammatory and antiinflammatory cascades. However, more evidence is re uired to conclude whether
this immune-modulating effect has a role in lithium’s mood stabilizing properties.
In chapter 3, the study investigating the possible association between longitudinal
lithium response and TNF-α level, a major pro-inflammatory cytokine is presented.
Although the immune-modulating effects of psychiatric medications have been
extensively studied, the impact of electroconvulsive therapy (ECT) on immune
functioning and the possible role of immune alterations as one of the mechanisms of
action of ECT rarely have been discussed. Therefore, a literature review examining the

effects of ECT on immune functioning, and the degree to which these represent possible
mechanisms mediating the therapeutic action of ECT is presented in chapter 7.

In recent years, there has been a growth in the amount of studies investigating the
impact of prenatal and perinatal complications on the maternal immune activation
and microglial activity. These studies have reported (i) increased concentrations of
neurotoxic inflammatory markers in cerebrospinal fluid of newborn infants with
perinatal hypoxic–ischaemic brain injury(Sävman et al., 2013), (ii) an interplay
between hypoxia–ischaemia and maternal infection on stroke-like events and neonatal
white matter deterioration in spastic cerebral palsy(Leviton and Dammann, 2004,
Nelson and Lynch, 2004, Grether and Nelson, 1997, Fleiss and Gressens, 2012),
(iii) potentiating effect of prenatal exposure to immune activating factors on cerebral
hypoxia–ischaemia(Larouche et al., 2004, Stridh et al., 2013).
Registry studies have thus far demonstrated that there exists an association
between obstetric complications and the risk for psychiatric syndromes, particularly
schizophrenia(Nosarti et al., 2012, Cannon et al., 2002, Freedman et al., 2013, Gale
and Martyn, 2004); and synopsis of biological studies suggest that hypoxia-response
is likely the underlying mechanism(Mittal et al., 2008, Schmidt-Kastner et al., 2006).
Previous studies have reported that the impact of severe obstetric complications on
schizophrenia risk is moderated by certain variants in the schizophrenia candidate
genes AKT1, BDNF, DTNBP1, GRM3(Nicodemus et al., 2008), and a recent
systematic annotation of genes involved in hypoxia-response and genes associated
with schizophrenia has provided in silico evidence linking obstetric complications,
hypoxia-response, and schizophrenia(Schmidt-Kastner et al., 2012).
Based on the findings showing that extended phenotypes of subthreshold
psychopathology can be identified throughout the population(van Os, 2013), and
that the impact of obstetric complications on psychopathology is general rather than
specific for schizophrenia, the study in chapter 8 aimed to investigate the geneenvironment interaction model in the general population. Data from a cohort of young
adult female twin pairs with increased risk for obstetric complications were analyzed
to determine whether prospectively collected measures of obstetric complications are
associated with expression of mental ill health, and whether these associations are
moderated by a set of genes a priori selected on the basis of previous reports linking
these genes with both hypoxia-response and schizophrenia(Schmidt-Kastner et al.,
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Hypoxia–ischaemia as a mechanism underlying psychiatric
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2012) in a well characterized cohort of young adult female twin pairs with increased
risk for obstetric complications.

Aims of this thesis
The overall aim of this thesis was to investigate the role of immune-related pathways in
the pathogenesis of mood disorders and related medical disorders through examining
circulating immune markers. In order to understand this complex interacting network,
this broad topic was grasped by using several different strategies.
Chapter 2 aimed to determine whether there were any differences in pro- and
anti-inflammatory cytokine balance (IFN-γ, TNF-α, IL-2, IL-4, IL-5, and IL-10)
between euthymic BD patients (medication-free and lithium-monotherapy) and
healthy controls, and if these differences were trait markers or due to the effect
of medication. The findings of this study led us to further investigate whether the
therapeutic effects of lithium, a cornerstone in BD treatment, are mediated by its
complex balancing effect on immune parameters through influencing both pro- and

1

association between lithium response and TNF-α concentration, which is one of

CHAPTER

anti-inflammatory cascades. Therefore, chapter 3 aimed to investigate the possible
the major pro-inflammatory cytokines. Chapter 4 aimed to investigate the possible
immune origin of subsyndromal symptoms observed in BD that are associated with
severe impairment during inter-episodic periods and reduced treatment response.
Chapter 5 aimed to investigate the impact of infliximab, a TNF-α antagonist
on depressive symptoms in CD patients, and the possibility that improvement of
depressive symptoms occurs in parallel with changes in TRP availability imposed by
a reduction in inflammation as reflected by levels of APPs.
Chapter 6 presents a review of in vitro studies that examined the impact of ECT
on immune functioning in patients with depression. Consequently, chapter 7 aimed
to investigate the impact of ECT on the TRP-KYN metabolic pathway, in association
with the therapeutic action of ECT in a long-term follow-up study.
Chapter 8 aimed to investigate whether hypoxia-response genes moderate the
impact of prospectively assessed obstetric complications on psychopathology in a
general population female twin cohort.
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Background
The pathophysiology of bipolar disorder is not thoroughly understood. Several studies
have investigated the possible role of cytokines in psychiatric disorders, based on their
role in neuro-immune modulation; however, findings in studies on bipolar disorder remain
limited and contradictory, and most studies have focused on either manic or depressive
episodes. These studies suggest that both manic and depressive episodes could be proinflammatory states. The present study aimed to determine whether there are enduring
differences in cytokine levels -unrelated to the effects of medication- between euthymic
bipolar patients and healthy controls.
Methods
The study included 31 euthymic bipolar patients-16 medication-free (MF) and 15 on
lithium monotherapy (LM) and 16 healthy volunteers in whom serum cytokine levels were
measured. The 3 groups were homogenous in terms of age, gender, and ethnicity. IFN-γ,
TNF-α, IL- 2, IL-4, IL-5, and IL-10 levels were measured in all groups using flow cytometer.
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Abstract

Results
There were no differences in cytokine levels between MF euthymic bipolar patients and
healthy controls. TNF-α and IL-4 levels in LM euthymic bipolar patients were higher than in
both the MF euthymic bipolar patients and controls.
Limitations
The small and strictly selected study sample could limit the generalizability of the
findings.
Conclusions
Cytokine production in MF euthymic bipolar patients was similar to that in healthy
controls. The present study shows that the pro-inflammatory state resolves in euthymia and
that lithium had an influence on the cytokine profile, which could create a confounding
factor while investigating disease- related immunopathology of bipolar disorder.
Keywords: Bipolar disorder, Cytokines, Interleukin, Euthymic, Inflammation, Tumor
necrosis factor

21

CHAPTER

2

1. Introduction

22

Although there are many promising studies on the psychosocial, biological, and genetic
factors contributing the pathophysiology of bipolar disorder (BD), the mechanism
of this highly prevalent and severe illness remains unknown. The phasic nature of
BD manic, depressive, and euthymic states adds to the difficulty of studying
BD, as compared to other relatively more stable conditions, such as schizophrenia
and depression. In the last decade several studies have investigated the possible role
of cytokines in psychiatric disorders, based on their close association with central
neurotransmitters and evidence of a role for autoimmunity in schizophrenia, and
hypothalamo–pituitary–adrenocortical axis abnormalities in depression (Kronfol and
Remick, 2000). Despite a growing body of evidence for the involvement of cytokines
in psychiatric and neurodegenerative disorders, findings related to BD remain limited.
Research into the role of cytokines in BD followed reports of increased proinflammatory cytokine levels, such as interleukin- 1 (IL-1), IL-6, and tumor necrosis
factor-alpha (TNF-α), in depression and schizophrenia (Strous and Shoenfeld, 2006,
Miller et al., 2009, Maes et al., 2009). To the best of our knowledge no study has
compared cytokine levels in all phases of BD; therefore, findings are limited and
contradictory, and most of the studies on BD focused on either manic or depressive
episodes. Increased levels of pro-inflammatory cytokines, such as IL-6, TNF-α
(O’Brien et al., 2006, Kim et al., 2007, Ortiz-Dominguez et al., 2007, Brietzke et al.,
2009), IL-8 (O’Brien et al., 2006), and serum soluble IL-6 receptor (sIL-6R) (Rapaport
et al., 1999), as compared to healthy controls were reported during manic episodes,
suggesting that mania could be a pro-inflammatory state. Moreover, some researchers
think that TNF-α could be a trait marker because of its steady high levels following
the treatment of acute episode (Brietzke and Kapczinski, 2008, Soczynska et al.,
2009). Findings regarding IL-2, sIL-2R, and a T helper 2-cell (Th2) anti-inflammatory
cytokine IL-4 (Rapaport et al., 1999, Tsai et al., 1999, Tsai et al., 2001, Su et al.,
2002, Liu et al., 2004, Ortiz-Dominguez et al., 2007, Brietzke et al., 2009) in mania
are inconsistent. Similar to mania, increased levels of IL-6 (Ortiz-Dominguez et al.,
2007, Brietzke et al., 2009) and TNF-α (O’Brien et al., 2006; Ort z-Domingues et al.,
2007) were also observed during depressive episodes. No differences were observed
between the levels of IL-10 in depressive, manic, and euthymic states of BD (Su et
al., 2002, Liu et al., 2004, O’Brien et al., 2006, Brietzke et al., 2009). A few studies
that focused on the euthymic state have reported increased levels of IL-4 (Brietzke et
al., 2009) and no difference in sIL-2R levels in bipolar patients compared to controls
(Rapaport, 1994). Boufidou et al. (Boufidou et al., 2004) reported euthymic BD
patients receiving chronic lithium treatment have lower numbers of IL-2, IL-6, IL-10,
and interferon-gamma (IFN-γ)-secreting cells in comparison to controls.

2. Methods
2.1. Study population
The study included 16 MF euthymic BD patients and 15 LM euthymic BD patients
(matched for age, gender, and ethnicity) that were selected from among 746 patients
registered at Rasit Tahsin Mood Disorders Outpatient Unit (RTMDOU) of Bakirkoy
Research and Training Hospital for Psychiatry, Neurology, and Neurosurgery. MF
BD patients were selected from among outpatients that presented to RTMDOU
during the study period and were medication-free for at least 4 weeks. All the MF
BD patients had decided themselves to stop taking their medication prior to being
evaluated. RTMDOU patient records were evaluated and patients that were receiving
only lithium monotherapy for at least 8 weeks were invited to participate in the
study and comprise the LM group. Although the clinical efficacy of lithium can be
observed within 4 weeks, the effect of lithium on the immune-modulatory system
can be evaluated later (Boufidou et al., 2004); thus, we chose to set the minimum
time period of lithium monotherapy at 8 weeks in order to understand the effect of
lithium on the immune-modulatory system. The control group consisted of 16 healthy
volunteers recruited from the hospital staff that matched the patient groups in terms of
age, gender, and ethnicity. The study was approved by the local ethics committee and
all the participants provided informed consent for the study.
Patients were diagnosed based on a clinical interview and medical chart review,
and then the diagnosis was confirmed using the Structured Clinical Interview for
DSM-IV-Axis I (SCID-I). The Young Mania Rating Scale (YMRS) and 17 items
Hamilton Depression Rating Scale (HAM-D) were used to assess manic and
depressive symptoms.
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The inconsistency of the findings might be due to small samples, different methods
of cytokine measurement, and samples differing with respect to illness characteristics.
Moreover, it has been shown that cytokine levels are affected by age, body mass
index (BMI), gender, smoking habits, and prior medication use (Haack et al., 1999,
Rapaport et al., 1999, Himmerich et al., 2005). To date, most findings have come from
studies that compared cytokine levels in medicated BD patients; therefore, the results
should be carefully interpreted, taking all confounding factors into account.
The present study aimed to determine if there were any differences in cytokine
levels between euthymic BD patients and healthy controls, and to determine if the
differences were due to the effect of medication. We compared the IFN-γ, TNF-α,
IL-2, IL-4, IL-5, and IL-10 levels in medication-free (MF) euthymic BD patients,
euthymic BD patients receiving lithium monotherapy (LM), and healthy controls.
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Healthy volunteers were evaluated by a clinician (SG) during a clinical interview
to screen for psychiatric disorders. Healthy volunteers were excluded if they had a
current Axis I psychiatric disorder or a first-degree relative with a history of major
psychiatric disorder. The controls were free of any prescribed medications for at least
4 weeks.
All the participants underwent a complete medical history, physical examination,
and complete laboratory evaluation, including complete blood count, blood chemistry,
urine analysis, and thyroid function test. Serum lithium levels were also measured in
the LM BD patients. Height and weight were measured and BMI was calculated for
each participant. Exclusion criteria for all participants were having had an allergic or
infectious disease within the last 4 weeks, use of any potential immunosuppressive,
such as corticosteroids and non-steroid steroid anti-inflammatory drugs within the
last 4 weeks, pregnancy or breastfeeding, current use of alcohol exceeding 5 standard
units a week, current intake of caffeine exceeding 3 cups a day, and smoking more
than 10 cigarettes a day. Exclusion criteria for all patients were fulfilling the DSM-IV
criteria for a mood episode, and a HAM- D or YMRS total score N7. Patients that had
other co-morbid Axis I psychiatric disorder were also excluded.
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2.2. Procedure
Blood samples were obtained between 09.00 and 10.00 am, and were collected
into anticoagulant-free tubes; serum samples were stored at 80 C until analyzed.
Th1 and Th2 cytokines, including IL-2, IL-4, IL-5, IL-10, IFN-γ, and TNF-α,
were uantified simultaneously using a human Th1/Th2 cytokine cytometric
bead array (CBA) kit (Pharmingen, San Diego, CA). The CBA techni ue is based
on microparticles matched with antibodies, in which the particles are dyed to 6
different fluorescence (FL) intensities. The dye has a maximal emission wavelength
of approximately 650nm (FL-3). Six standard curves (standard ranging from 0 to
5000 pg/ml) were obtained from 1 set of calibrators and 6 results were obtained
from 1 test sample. Serum samples were incubated with each Ab-bead reagent
and Ab-PE detector, and then were incubated in the dark at room temperature for
160min, followed by washing prior to data ac uisition with flow cytometry. Twocolor cytometric analysis was carried out using FACSCalibur flow cytometry (BD
Bioscience, San Jose, CA). Data were obtained and analyzed by CBA software.
Units for assessment were protein expression in supernatants of stimulated whole
blood cultures (pg/ml). The limits of detections for individual cytokines were as
follows: IL-2, 2.6 pg/ml; TNF-α, 2.8 pg/ml; IL-10, 2.8 pg/ml; IFN-γ, 7.1 pg/ml; IL4, 2.6 pg/ml; IL-5, 2.4 pg/ml.

3. Results
Demographic and clinical characteristics are presented in Table 1. The groups did not
differ significantly with respect to age or BMI. There were no significant differences
in clinical characteristics between the MF BD and LM BD groups. Mean duration
of non-medication in the MF BD group was 16.5 14.0 weeks (range: 4 44 weeks).
Mean duration of lithium monotherapy was 155.1 183.1 weeks (range: 8 712
weeks) in the MF BD group. Mean lithium concentration in the LM BD group was
0.83 0.10 mEg/l (range: 0.68 1.09 mEg/l).
As shown in Table 2, there were no significant differences in cytokine levels
between the MF BD and control group. TNF-α and IL-4 levels in the LM BD were
higher than in both the MF BD and control groups. There was not a correlation
between cytokine levels, and age, duration of illness, or duration of euthymia in either
patient group. Correlations between cytokine levels, and lithium concentration and
duration of lithium monotherapy in the LM BD group, and medication-free period in
the MF BD group were not significant.
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2.3. Statistical analysis
Data were analyzed for normal distribution using the Kolmogorov Smirnov test.
Since the data showed normal distribution, we decided to use parametric tests. Oneway analysis of variance was performed to determine group differences with Tukey
tests used for comparisons between 3 groups. T test was used for evaluating the 2
groups. Pearson’s product-moment correlations were used to examine the relationship
between clinical characteristics and cytokine levels. Statistical significance was set at
p < 0.05. NCSS 2007 and PASS 2008 statistical software (Utah, USA) were used for
statistical analysis.

4. Discussion
To the best of our knowledge this is the first study to examine cytokine levels in
non-medicated euthymic BD patients. The major outcomes of the present study are
as follows: 1. Cytokine levels in MF BD patients did not differ from those in healthy
controls; and 2. Lithium treatment had an influence on the cytokine profile in the LM
BD patients.
Earlier studies report that both manic and depressive episodes might be associated
with a pro-inflammatory state, based on the observation of high TNF-α and IL-6
levels (O’Brien et al., 2006, Kim et al., 2007, Ortiz-Dominguez et al., 2007, Brietzke
25

Table 1. Demographic and clinical characteristics of the study population.
Control
(n = 16)

MF BD
(n = 16)

LM BD
(n = 15)

Test
Statistic

P

12/4

12/4

11/4

Age (years)a

31.8 4.8

32.3 6.5

31.8 7.1

0.01

0.986

Body Mass Index (kg/m2)a

23.8 3.1

26.6 5.5

23.6 3.1

2.66

0.081

12/4

14/1

Age at onset (years)b

22,2 5,9

20.3 4.4

1.022

0.315

Duration of illness (years)b

9.9 5.3

11.5 6.6

0.745

0.462

Onset Episode (mania/depression)

8/8

8/7

Last Episode (mania/hypomania/
mixed/depression)

6/2/1/7

7/2/0/6

5.9 3.9

5.1 2.7

0.657

0.517

Mania

1.9 1.5

2.3 1.7

Hypomania

1.4 2.0

1.2 1.6

Mixed

0.6 1.1

0.2 0.8

Depression

2.0 1.5

1.5 1.2

133.7 137.5

190.4 181.4

0.984

0.333

Sex (male/female)

Diagnosis (BD-I/BD-II)
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Total number of past episodesb

Duration of euthymia (weeks)b
MF BD: medication-free euthymic BD patients.
LM BD: lithium monotherapy euthymic BD patients.
a
One-way ANOVA, bT test.

et al., 2009). It was also hypothesized that the persistence of high TNF-α levels in
euthymia following treatment of episode might indicate the importance of the role
of TNF-α in understanding the pathophysiology of BD (Brietzke and Kapczinski,
2008, Soczynska et al., 2009). Although we observed higher levels of TNF-α in the
LM BD patients, there were no differences between the MF BD patients and healthy
controls. Considering the normal levels of TNF-α in the MF BD patients, higher
levels of TNF-α and IL-4 in the LM BD patients might have been due to the effect of
lithium on TNF-α, rather than the influence of BD on the immune system (Haack et
al., 1999, Himmerich et al., 2005, Rapaport and Manji, 2001). The present findings
agree with those showing that both euthymic patients treated with lithium and healthy
controls had similar levels of IFN-γ, IL-2, IL-6, and IL-10, which were measured
without antigenic stimulation (Boufidou et al., 2004). In a recent study Brietzke et al.
(Brietzke et al., 2009) observed increased levels of IL-4 in euthymia and suggested
that increased cytokine levels could have been due to the short duration of euthymia
26

Table 2. Cytokine levels in the study population.
Control
(n = 16)

MF BD
(n = 16)

LM BD
(n = 15)

F

df

γ (pg/ml)

28.80 11.34

28.54 12.30

36.30 14.88

1.75

2, 44

0.178

α (pg/ml)

4.01 1.31

3.36 0.96

5.35 1.84

8.02

2, 44

0.001a,b

IL-10 (pg/ml)

7.39 2.50

7.95 4.38

9.21 2.93

1.17

2, 44

0.319

IL-5 (pg/ml)

3.74 0.94

3.81 1.83

4.41 0.98

1.15

2, 44

0.325

IL-4 (pg/ml)

5.75 1.68

5.32 1.03

7.99 2.73

8.45

2, 44

0.001a,b

IL-2 (pg/ml)

22.49 6.60

20.80 4.53

24.82 5.67

1.96

2, 44

0.153

MF BD: Medication-free euthymic BD patients.
LM BD: Lithium monotherapy euthymic BD patients.
a
LM BD MF BD; bLM BD control.

prior to sample collection. They did not observe any differences in IL-2, IL-6, IL-10,
IFN-γ, or TNF-α levels between healthy controls and euthymic patients. These results
are in agreement with the present study’s findings that there were no differences in
IL-2, IL-4, IL-10, IFN-γ, or TNF-α levels between the MF BD patients and healthy
controls.
Current evidence indicates that immune system abnormalities in BD patients
are state-dependent and are not a potential trait biomarker. It is also very difficult to
determine if change in cytokine levels in the acute phase of BD is a consequence of
their role in the pathophysiology of BD. Given the effects of sleep disturbance and
physical activity on cytokine production (Patel et al., 2009, Moldoveanu et al., 2001),
it can be speculated that changes in cytokine levels in the acute phases of BD may
be secondary to the physiological symptoms of mania and depression. Nonetheless,
it should be noted that a rise in pro-inflammatory cytokine levels also exacerbates the
symptoms of BD. As such, use of immune modulators in the treatment of the acute
phase of BD may provide an opportunity to break this never-ending cycle.
We conducted the present study with a homogenous group, in terms of age, gender,
BMI, medication, and clinical characteristics. The study population was selected from
a tertiary referral mood disorders outpatient unit with good medical record keeping
procedures. Although the study design eliminated possible confounding factors, it
also made generalizing the findings difficult, as the selected sample was small.
In conclusion, we report that cytokine production in MF BD patients did not differ
from that in healthy controls. The present findings show that the pro-inflammatory
state of mania and depression in BD patients resolved during euthymia in patients
without medication. Moreover, it should also be noted that the influence of medications
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like lithium on cytokine levels is an important confounding factor while investigating
disease- related immunopathology of bipolar disorder. In order to clarify the potential
role of immune variables in BD, large-scale prospective studies that focus on the
state-dependent changes in immune variables (i.e. manic, euthymic and depressive
episodes of the same patients) are needed.
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Background
The role of inflammation in bipolar disorder has recently emerged as a potential
pathophysiological mechanism. Tumor necrosis factor-alpha (TNF-α) modulation may
represent a pathogenic molecular target and a biomarker for staging bipolar disorder. In this
context, the possible association between lithium response and TNF-α level was examined.
Methods
Sixty euthymic bipolar patients receiving lithium therapy were recruited for assessment
of TNF-α level. The ALDA lithium response scale (LRS) was used to evaluate longitudinal
lithium response in bipolar patients, using cut-offs of poor response, partial response and
good response. TNF-α level was assessed using enzyme-linked immunosorbent assay.
Results
There was a significant increase in TNF-α level in patients with poor lithium response
compared to those with good response, also after controlling for a range of potential
confounders (adjusted effect size: 0.47, p=0.011). Partial response showed a directionally
similar, but attenuated and statistically inconclusive association (adjusted effect size: 0.16,
p=0.326).

EVIDENCE FOR AN ASSOCIATION BETWEEN TUMOR NECROSIS
FACTOR-ALPHA LEVELS AND LITHIUM RESPONSE

Abstract

Limitations
Assessment of response was retrospective and natural course cannot be separated easily
from treatment response in an observational design. Selection of additional inflammatory
markers could provide for a better understanding of underlying immune changes.
Conclusions
This study strengthens the hypothesis that TNF-α level may mark or mediate lithium
response, and that continuous immune imbalance in poor lithium responders may occasion
treatment resistance. Further investigation of immune alterations in treatment-resistant
bipolar patients may be productive.
Keywords: Bipolar disorder, Tumor necrosis factor, Lithium, Cytokine, Inflammation,
Treatment
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The discovery of the neuromodulating action of cytokines has inspired researchers to
focus on the role of cytokines in mood disorders. The role of inflammation in bipolar
disorder (BD) has recently emerged as a promising mechanism, complementary to the
well-known monoamine theory, and may contribute to a better understanding of BD.
Even though the findings pertaining to patients in the manic phase of BD are not
conclusive, there is an indication that mania represents a pro-inflammatory state with
higher circulating levels of pro-inflammatory cytokines, such as interleukin-1 (IL1), IL-6, and tumor necrosis factor-alpha (TNF-α) (Brietzke et al., 2009, Kim et al.,
2007, O’Brien et al., 2006, Ortiz-Dominguez et al., 2007). Fewer studies show that a
depressive episode in the context of BD may also be regarded as a pro-inflammatory
state(Ortiz-Dominguez et al., 2007, O’Brien et al., 2006, Brietzke et al., 2009),
whereas the pro/anti-inflammatory balance may be restored in euthymia (Guloksuz et
al., 2010, Kapczinski et al., 2011, Kunz et al., 2011).
TNF-α is a potent pro-inflammatory cytokine that exerts pleiotropic functions in
immunity, inflammation, control of cell proliferation, differentiation, and regulation
of the immune response (Wallach et al., 1999). Recently, TNF-α modulation has
been proposed as a molecular target in the pathophysiology of BD. This is based on
studies showing (i) high levels of TNF-α in acute episodes, (ii) elevated prevalence
rates of medical comorbidity related to inflammation (e.g. metabolic syndrome
and cardiovascular disease), and (iii) association of the TNF-α-308G/A promoter
polymorphism with BD (Brietzke and Kapczinski, 2008, Soczynska et al., 2009).
Moreover, Kapczinski and colleagues (Kapczinski et al., 2009) have suggested that
TNF-α represents a potential biomarker for different stages of BD, higher levels of
TNF-α marking advanced stages of BD accompanied with severe impairment during
inter-episodic periods and reduced treatment response.
Current evidence also indicates that many psychotropic drugs have immunemodulatory effects. Among these, lithium in particular is a focus of much research.
The role of the effects of lithium on the cytokine network in its mechanism of action
has not been clarified due to the complex bi-directional interaction between immune
parameters, cellular signal transduction pathways and gene expression. The data
may indicate that lithium has a complex balancing effect on immune parameters by
influencing both pro-inflammatory and anti-inflammatory cascades (Boufidou et al.,
2004, Knijff et al., 2007, Rapaport et al., 1999).
Despite the fact that lithium is still considered the cornerstone in the treatment
of BD, studies show that a considerable number of patients do not respond (Balance
investigators collaborators et al., 2010). Therefore, the neurobiological mechanism
underlying variation in therapeutic response to lithium remains a topic requiring

urgent further study. The aim of this study was to examine the possible association
between lithium response and TNF-α level.

2.1. Study population
Among 910 registered patients at the Rasit Tahsin Mood Disorders Outpatient
Unit of the Bakirkoy Research and Training Hospital for Psychiatry, Neurology, and
Neurosurgery, 60 euthymic bipolar patients on current lithium therapy were recruited.
Patients were diagnosed according to DSM-IV criteria and evaluation of standardized
medical records as prescribed by the SKIP-TURK nationwide mood disorder followup program (Tirpan et al., 2004). In order to eliminate the confounding effect of mania
and depression on TNF-α level, only euthymic patients were recruited. Patients were
euthymic for at least 8 weeks with total scores <7 on both the Young Mania Rating
Scale (YMRS) and the 17-item Hamilton Depression Rating Scale (HAM-D). The
study was approved by the local ethics committee and all participants provided written
informed consent.
Patients underwent examinations including full medical history, physical
examination, laboratory evaluation including complete blood count, blood chemistry,
urinalysis, and thyroid function test. Serum lithium level and body mass index were
measured.
Exclusion criteria were (i) history of allergic, autoimmune or infectious disease
within the last 4 weeks, (ii) use of any non-psychotropic drug with the potential
to alter immune or endocrine function within the last 4 weeks, (iii) pregnancy or
breastfeeding, (iv) current use of alcohol exceeding 5 standard units a week, (v)
current intake of caffeine exceeding 3 cups a day, and (vi) smoking more than 10
cigarettes a day.
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2.2. Assessment of lithium response
The ALDA lithium response scale (LRS) was used to evaluate longitudinal
lithium response in bipolar patients retrospectively (Grof et al., 2002). The LRS
consists of a Criterion A measuring the degree of improvement over the course of
lithium treatment and a Criterion B assessing the causality between improvement and
lithium treatment. Criterion A is scored from 0 to 10 taking into account the change of
fre uency, duration and severity of episodes. Criterion B consists of 5 items assessing
the number of episodes before lithium treatment, fre uency of episodes before lithium
treatment, duration of lithium treatment, compliance during lithium treatment and use
of additional medication during lithium treatment, respectively. Each of these items in
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Criterion B is scored from 0 to 2 and a higher total score on Criterion B indicates that
the link between improvement and lithium treatment is less certain. The total score
of the LRS is calculated by subtracting the total score of Criterion B from Criterion
A. The cut-off points are: 0 1 poor response, 2 6 partial response, 7 10 good
response (hereafter referred to as: LRS groups), based on a recent study investigating
the genetic basis of the clinical response to lithium treatment (Schulze et al., 2010).
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2.3. Enzyme-linked immunosorbent assay (ELISA) for TNF-α
The blood samples were obtained between 08.00 AM and 10.00 AM and were
collected in heparin vacuum tubes. The blood samples were immediately centrifuged
for 10 min at 3000 rpm and the plasma samples were stored at -80 C until analysis.
TNF-α level in the plasma was assessed using an ELISA kit (Invitrogen, Inc, Camarillo,
USA) according to the manufacturer’s instructions. Supplied standards were used to
generate the standard curves. Briefly, the samples and standards were applied to the
wells coated with anti-TNF-α antibodies. Unbound protein was removed by washing,
and biotinylated anti-TNF-α antibodies and horseradish peroxidase-conjugated
streptavidin were added in a step-wise manner. After the color reaction with substrate,
the optical density was recorded at 450-nm wavelength with an automated ELISAplate reader. The absorbance at 450 nm was converted to picograms per millilitre (pg/
ml) for TNF-α. The minimal detection limit for TNF-α is <1.7 pg/ml.
2.4. Statistical Analysis
Associations between the three LRS groups and approximately normally
distributed TNF-α level were expressed as regression coefficients (B) from multiple
regression procedures with TNF-α as dependent variable and dummy variables of
LRS groups as independent variable, the good response group serving as reference.
Standardized regression coefficients (β) served as standardized effect size.
Associations between TNF-α and a priori selected confounders (gender, age, body
mass index, age at onset, duration of illness, total number of past manic, depressive,
mixed episodes, total number of episodes per year, total number of hospitalizations,
serum lithium level and medication groups (lithium monotherapy, lithium+mood
stabilizer,
lithium antipsychotic,
lithium antidepressant,
lithium mood
stabilizer antipsychotic, lithium antipsychotic antidepressant, lithium mood stabi
lizer antipsychotic antidepressant) were assessed using Pearson’s product-moment
correlation for continuous and one-way ANOVA for categorical variables. Two-sided
statistical significance was set at p < 0.05. STATA version 12.0 (STATA Corporation,
College Station, T , USA) was used to carry out the statistical analyses.

Demographic, clinical and treatment characteristics of the LRS groups are presented
in Table 1. The only potential confounder associated with TNF-α level was serum
lithium level (r 0.26, p 0.046). Medication groups were not associated with TNF-α
level (F(6,53) 0.78, p 0.593), but were strongly associated with total LRS scores
(F(6,53) 4.42, p 0.001). As the association between medication groups and LRS
scores caused collinearity in the regression model with TNF-α level as the dependent
variable (artificially inflating both effect size and statistical significance of LRS in
Table 1. Sample demographic, clinical and treatment characteristics, and association of
potential confounders with TNF-α level
Good lithium Partial lithium
response
response
(n = 17)
(n = 23)
Mean (SD)
Mean (SD)
or n (%)
or n (%)
Female genderb

Poor lithium
response
(n = 20)
Mean (SD)
or n (%)

Association with
α l l (ra)

P

l

11 (64.7)

14 (60.9)

10 (50.0)

F(1,58) 0.00b

0.956

Age (years)

30.18 (6.87)

34.13 (8.94)

31.60 (8.13)

0.18

0.153

Body mass index (kg/m2)

26.64 (3.64)

28.72 (3.36)

29.91 (4.92)

0.13

0.304

Age at onset (years)

20.88 (6.41)

22.48 (8.71)

22.95 (8.86)

0.08

0.522

Duration of illness (years)

9.29 (6.41)

11.65 (8.85)

8.65 (6.70)

0.11

0.394

Past manic episodes

1.88 (1.05)

3.00 (4.59)

3.50 (4.01)

0.09

0.475

1.76 (1.52)

2.26 (2.67)

2.21 (1.87)

-0.15

0.247

Past mixed episodes

0.24 (0.56)

0.83 (1.30)

0.84 (1.57)

0.02

0.891

Total number of episodes
per year

0.73 (0.84)

0.67 (0.43)

1.26 (1.02)

-0.06

0.640

Total number of
hospitalizations

1.18 (0.88)

2.43 (4.59)

2.15 (1.78)

0.02

0.850

0.76 (0.09)

0.83 (0.11)

0.81 (0.15)

0.26

0.046

Li monotherapy

10 (58.8)

4 (17.4)

0

Li+MS

1 (35.3)

3 (13.0)

2 (10.0)

Li+AP

6 (5.9)

6 (26.1)

10 (50.0)

Li+AD

0

1 (4.3)

0

F(6,53) 0.78b

0.593

Li+MS+AP

0

9 (39.1)

6 (30.0)

Li+AP+AD

0

0

1 (5.0)

Li+MS+AP+AD

0

0

1 (5.0)

d

ml
(mEq/L)

od

ml

l
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Li: Lithium, MS: Mood stabilizer, AP: Antipsychotic, AD: Antidepressant
a
Correlation coefficient between TNF-α level and each potential confounder
b
Oneway ANOVA
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Good response

Partial response

Poor response

Figure 1. TNF-α level and lithium response.
Box-plot of plasma TNF-α level grouped according to lithium response. Median levels are
indicated by horizontal lines and outliers are indicated by “•”.

the model of TNF-α level), medication groups conservatively were not included in
the final adjusted model. The mean TNF-α level was 2.75 (SD 1.17), 3.50 (SD
1.73) and 4.29 (SD 1.20) in good, partial and poor lithium responders, respectively
(Figure 1). There was a significant increase in TNF-α level in poor responders
compared with good responders (B 1.54, p 0.002; standardized effect size: 0.48),
also after controlling for serum lithium level (B 1.41, p 0.004; standardized effect
size: 0.44) and after controlling for all a priori confounders (B 1.54, p 0.011;
standardized effect size: 0.47). There was an attenuated and directionally similar
association between partial response to lithium and TNF-α level, that remained
statistically inconclusive (fully adjusted model: B 0.52, p 0.326; standardized
effect size: 0.16). Both LRS Criterion A scores (fully adjusted standardized effect
size: -0.32, p 0.007) and total LRS scores (fully adjusted standardized effect size:
-0.30, p 0.015) were negatively associated with TNF-α level.
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To the best of our knowledge, this is the first study evaluating TNF-α level in patients
with BD as a function of lithium response. The main findings were: (i) TNF-α level
in patients with a poor response to lithium were higher than in patients with a good
response, (ii) both Criterion A and total LRS scores were negatively associated with
TNF-α level and (iii) associations were not reducible to confounding including
confounding by current medication.
Several clinical and pre-clinical studies have investigated the effects of lithium on
immune variables in healthy volunteers as well as in patients with BD. Rapaport and
Manji (Rapaport and Manji, 2001) demonstrated that lithium causes an increase in
levels of anti-inflammatory cytokines, IL-4 and IL-10, and a decrease in levels of proinflammatory cytokines, IL-2 and IFN-γ in healthy volunteers. It has been argued that
lithium restores the immune balance in BD by decreasing the ratio of pro- and antiinflammatory cytokines after lithium treatment (Boufidou et al., 2004, Knijff et al.,
2007, Rapaport et al., 1999). Moreover, TNF-α levels in euthymic patients with BD
are not different from healthy controls (Barbosa et al., 2012, Drexhage et al., 2011,
Guloksuz et al., 2010, Kapczinski et al., 2011, Kunz et al., 2011). When we combine
this background with our present findings showing an inverse correlation between
TNF-α level and lithium response, it is plausible to speculate that lithium exerts its
long-term mood stabilizing effects by down-regulating a pro-inflammatory immune
phenotype in addition to several other postulated mechanisms. A high TNF-α level in
poor lithium responders also indicates that there is a prolonged pro-inflammatory state
in this group and that lithium treatment augmented with other psychotropics is still
not effective in restoring the altered immune balance and stabilizing the course of BD.
Kapczinski and colleagues (Kapczinski et al., 2009) proposed a model for staging
BD by making use of several biomarkers including TNF-α. In this model, increased
TNF-α is regarded as the sign of progression to late stages of BD with severe impairment,
ongoing subsyndromal symptoms, shortened duration of euthymia between episodes
and treatment resistance. Taking this into account, poor lithium responders in our
study can be seen as patients in the later stages of BD. It should be considered that
these patients may benefit from augmentation strategies combining mood stabilizers
and antipsychotics with anti-inflammatory agents. The preliminary findings from a
double-blind, randomized, placebo-controlled study in bipolar depression showed
that celecoxib could be used for augmentation therapy, as evidenced by a rapid
response in patients who took celecoxib as adjunctive treatment (Nery et al., 2008).
The use of anti-inflammatory agents in BD, particularly TNF-α antagonists, has been
proposed. The rational for this is that numerous effects exist of TNF-α on the central
nervous system such as TNF-α mediated apoptosis via modulation of nuclear factor-
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kappa B (NF- B), activation of indoleamine 2,3- dioxygenase (IDO) and glutamate
excitotoxicity (Brietzke and Kapczinski, 2008, Soczynska et al., 2009). However, we
cannot clearly specify which mechanism may play a role due to the many complex
interactions between numerous immune-mediators. It is more reasonable to suggest
that there may be ongoing alterations in the immune system in the late stages of BD.
Hopefully, two ongoing studies evaluating the efficacy of minocycline, with TNF-α
antagonist properties, in the treatment of bipolar depression along with assessment
of the association between efficacy and circulating levels of inflammatory markers
will give us more insight in the association between the TNF-α system and treatment
response in BD (trial identifier NCT01403662; NCT01429272, http://clinicaltrials.
gov).
The present study was conducted at a tertiary referral mood disorders outpatient
unit with standardized high- uality medical record keeping procedures that gave us
the advantage to evaluate lithium response more precisely. Nevertheless, there are
several limitations that should be taken into account while interpreting the results.
A healthy control group could have given us the chance to investigate the relevance
of TNF-α as a biomarker of BD in a case-control comparison. Similarly, availability
of a placebo group would have provided us with the opportunity to assess specificity
in relation to treatment. However, the principal aim of this study was to evaluate the
association between lithium response and TNF-α level in patients with BD, rather
than investigating TNF-α as a potential trait marker of BD or its treatment. Thus, we
only recruited patients who were currently on lithium without additional control or
placebo groups. Nearly three- uarters of the patients were on concomitant medication
(e.g. valproic acid, atypical antipsychotics). Although medication groups were
not associated with TNF-α level, it is possible that earlier, currently discontinued,
treatment was associated with both TNF-α level and longitudinal assessment of
treatment response, thus possibly confounding the results. However, it should be
appreciated that it is nearly impossible to totally eliminate this confounder in a study
evaluating lithium response since progressive augmentation strategies are standard
practice in patients with poor or partial lithium response. Currently, TNF-α is perceived
as a prominent pro-inflammatory cytokine that is strongly related to mood disorders
with several articles advocating its role in BD. However, selection of additional
inflammatory markers could provide us with a better understanding of underlying
immune changes in BD. Finally, the only way to formally assess response to lithium
is to conduct a placebo-controlled randomized controlled trial. In an observational
design, lithium is only one of many factors impacting on course and outcome, any
of which may be marked by TNF-α level. Although the LRS attempts to make a
judgment on the specific impact of lithium treatment on illness course, it is difficult to
assess this retrospectively in an observational design.
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In conclusion, the present findings suggest that TNF-α level may impact on the
clinical response to lithium and suggest that a continuous immune imbalance in poor
lithium responders may be related to treatment resistance. The inverse association
between TNF-α level and response to lithium also fortifies this notion. Although
these findings re uire further replication and cannot be taken to indicate that TNF-α
represents a biomarker for response in clinical practice, further studies are warranted
that focus on immune alterations in treatment resistant bipolar patients in order to
clarify the association between treatment response and inflammation.
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Background
Current evidence suggests that high concentrations of pro-inflammatory markers are
associated with bipolar disorder characterized by severe impairment during inter-episodic
periods, reduced treatment response and persistent subsyndromal symptoms. We tested
whether persistent subsyndromal symptoms in euthymic bipolar patients were associated
with markers of an ongoing chronic pro-inflammatory process.
Methods
Forty-five euthymic bipolar patients (22 with subsyndromal symptoms (BD+) and
23 without subsyndromal symptoms (BD-)) and 23 well controls (WC) were recruited for
assessment of soluble tumor necrosis factor receptor-1 (sTNF-R1), soluble interleukin-6
receptor (sIL-6R) and soluble interleukin-2 receptor (sIL-2R) concentrations. Soluble cytokine
receptor concentrations were assessed using enzyme-linked immunosorbent assay.

PLASMA CONCENTRATIONS OF SOLUBLE CYTOKINE RECEPTORS IN EUTHYMIC
BIPOLAR PATIENTS WITH AND WITHOUT SUBSYNDROMAL SYMPTOMS

Abstract

Results
In comparison to WC, sTNF-R1 concentration was higher in both BD- and BD+ (age
and sex adjusted standardized β, respectively: β = 0.34, p = 0.012 and β = 0.41, p=0.003).
Similarly, compared to WC, sIL-6R concentration was higher in both BD- and BD+ (age
and sex adjusted standardized β, respectively: β = 0.44, p = 0.001 and β = 0.37, p = 0.008).
There was no difference between BD- and BD+ in the concentration of either sTNF-R1 or
sIL-6R; plasma concentration of sIL-2R was not analyzed as 75% percent of the samples were
non-detectable.
Conclusions
Although bipolar patients present with a pro-inflammatory shift compared to well
controls, subsyndromal symptoms are not associated with additive increasing effects.
Longitudinal studies with larger samples are required to clarify the relationship between
illness course and inflammatory markers in bipolar disorder.
Keywords: Bipolar disorder, Cytokine, Interleukin, Inflammation, Tumor necrosis factor,
Euthymic, Subsyndromal, Staging, Biomarker
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Bipolar disorder (BD) has long been considered an episodic illness characterized
by complete symptomatic recovery during inter-episodic periods. However,
a growing body of evidence shows that the rate of inter-episodic morbidity in
the form of subsyndromal symptoms is much higher than previously thought
(Judd et al., 2003, Marangell, 2004). Therefore, early recognition and treatment
of subsyndromal symptoms represents an important target for clinicians, given
associations with increased risk of relapse, decrement in functioning and cognitive
dysfunction(Marangell, 2004, Marangell et al., 2009, Montoya et al., 2010). However,
treatment alternatives are limited for the patients with subsyndromal symptoms, many
of whom do not respond adequately to conventional therapies (Montoya et al., 2010).
Recent data indicate that immune modulation may play an important role in the
pathophysiology of BD, with the possibility of novel mechanistic options for treatment
(Goldstein et al., 2009, Soczynska et al., 2009). Alterations in cytokine functioning may
represent a fitting theoretical perspective underlying possible immuno-modulatory
treatment approaches. Current knowledge about cytokines points to regulatory effects
in the central nervous system, similar to their role in the immune system (Kronfol and
Remick, 2000). Studies comparing cytokine concentrations in bipolar patients and
healthy controls have demonstrated that mania and depression show characteristics
of pro-inflammatory states with higher concentrations of pro-inflammatory cytokines
and lower concentrations of anti-inflammatory cytokines (Soczynska et al., 2009).
Additionally, up-regulation of the immune system appears to resolve during euthymia
(Brietzke et al., 2009, Guloksuz et al., 2010, Kunz et al., 2011, Kapczinski et al.,
2011). In the light of this evidence, inflammation in BD may be regarded as a state
arising during acute episodes rather than a trait influencing longitudinal course of
illness. However, findings of studies far from consistent; selection of heterogeneous
study populations may represent an important factor underlying between-study
discrepancies. For example, previous work by our group suggests that concentrations
of tumor necrosis factor-alpha (TNF-α), a major pro-inflammatory cytokine, may
represent heterogeneity between euthymic BD patients in association with longitudinal
measures of lithium response (Guloksuz et al., 2012). Indeed, the use of inflammatory
markers for staging BD has been proposed (Kapczinski et al., 2009, Post et al., 2012).
According to this model, high concentrations of TNF-α are associated with advanced
stages of BD with severe impairment during inter-episodic periods, reduced treatment
response and ongoing subsyndromal symptoms.
Therefore, the current study aimed to determine if there is an ongoing chronic
pro-inflammatory process in euthymic bipolar patients with subsyndromal symptoms,
characterised by higher concentrations of soluble tumor necrosis factor receptor-1

Methods
Study population
A total of 45 patients, who met the DSM-IV criteria for BD-I, were recruited
among long-term follow-up outpatients of the Rasit Tahsin Mood Disorders Outpatient
Unit (RTMDOU) of the Bakirkoy Research and Training Hospital for Psychiatry,
Neurology, and Neurosurgery. All of the 910 registered BD patients at RTMDOU
continue to be evaluated with standardized medical forms based on a nation-wide
mood disorders follow-up program named SKIP-TURK (Tirpan et al., 2004). The
SKIP-TURK form, which is similar to the “Clinical Monitoring Form” (CMF) used
in the Systematic Treatment Enhancement Program for Bipolar Disorder (STEPBD) (Sachs et al., 2003), was put into use to (i) assess the clinical characteristics of
BD patients (e.g. polarity of the first episode, duration of illness) and (ii) to evaluate
illness course of BD patients over clinical follow-up. The diagnosis of the patients
was confirmed both by clinical interview and by the SKIP-TURK procedure. Of the
patients, 23 were euthymic without subsyndromal symptoms (BD-). BD+ status was
defined a priori on the basis of consensus decisions in SKIP-TURK; thus, 22 patients
were in a euthymic state with at least 2 moderate affective symptoms coded in the
SKIP-TURK form at 2 consecutive clinical evaluations during a follow-up period of
minimally two months, however without meeting criteria for a full affective episode
as defined in DSM-IV. All the patients were medicated either with mono-therapy of
either of mood stabilizer, an antipsychotic or an antidepressant, or with combination
therapy combining any of these.
Twenty-three well controls were also recruited from the hospital staff, reflecting
the general population socioeconomic strata. A clinical psychiatrist (TC) evaluated
well controls with a standard clinical psychiatric interview to screen for psychiatric
disorders. The exclusion criterion for well controls was presence of any current
Axis I psychiatric disorder. The study was approved by the standing Medical Ethics
Committee of Bakirkoy Research and Training Hospital for Psychiatry, Neurology,
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(sTNF-R1), soluble interleukin-6 receptor (sIL-6R) and soluble interleukin-2 receptor
(sIL-2R), all of which are thought to represent reliable markers of inflammatory activity
and all of which have been widely investigated in BD. Moreover, a recent meta-analysis,
examining a wide range of cytokines and soluble cytokine receptors, shows evidence
of higher concentrations of sTNF-R1 and sIL-2R in bipolar patients (Munkholm et
al., 2012). To this end, the study sampling frame provided comparisons between three
groups: (i) euthymic bipolar patients with subsyndromal symptoms (BD ); (ii) euthymic
bipolar patients without subsyndromal symptoms (BD-); (iii) well controls (WC).
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and Neurosurgery, and carried out in accordance with the Declaration of Helsinki. All
the participants gave informed consent before enrolment in the study.
Information including medical history, physical examination, laboratory evaluation
including complete blood count, blood chemistry, urinalysis, thyroid function test and
electrocardiogram were obtained from all participants in order to evaluate potential
exclusion criteria. The exclusion criteria for all participants were any allergic
disease, an infectious disease within the last four weeks, use of any potentially
immunosuppressive drug such as corticosteroids, non-steroid anti-inflammatory
drugs within the last four weeks, pregnancy or breastfeeding, current use of alcohol
at more than 5 standard units per week, current intake of caffeine at more than three
cups of coffee per day, and current use of tobacco at more than 10 cigarettes a day.
Enzyme-linked immunosorbent assays (ELISAs) for sTNF-R1 and sIL-6R
The blood samples were obtained between 08.00 AM and 10.00 AM and were
collected in heparin vacuum tubes. The blood samples were immediately centrifuged
for 10 min at 3000 rpm and the plasma samples were stored at -80 °C until analysis. sIL2R, sIL-6R and sTNF-R1 concentrations in the plasma were assessed using an ELISA
kit (BioSource International, Inc, Camarillo, USA) according to the manufacturer’s
directions. Plasma samples were diluted 1:100 for sIL-6R and 1:4 for sIL-2R
detection in the sample using diluent buffer provided with the ELISA kit. Supplied
standards were used to generate the standard curves. The samples and standards were
applied to wells. Unbound protein was removed by washing, and biotin-conjugate,
followed by horseradish peroxidase-conjugated streptavidin, were added in a stepwise manner. After the color reaction with substrate, the optical density was recorded
at 450-nm wavelength with an automated ELISA reader. The absorbance at 450 nm
was converted to picograms per millilitre (pg/ml) for sIL-6R, sIL-2R and nanograms
per millilitre (ng/ml) for sTNF-R1. The minimal detection limits were: for sIL-2R :
16pg/ml, for sIL-6R : 8 pg/ml and for sTNF-R1 : 0.03 ng/ml.
Statistical Analysis
Plasma concentrations of sIL-6R and sTNF-R1 were detectable in all participants.
Plasma concentration of sIL-2R was not analyzed as 75% percent of the samples were
non-detectable. Demographic, clinical and treatment characteristics were analyzed
by one-way ANOVA, two tailed t-test and chi-square test as indicated. Associations
between sTNF-R1 and sIL-6R concentrations and a priori selected confounders (sex,
age) were assessed using Pearson’s product-moment correlation for age and one-way
ANOVA for sex. Pearson’s product-moment correlation was also used to analyze the
association between duration of illness and soluble cytokine receptor concentrations.
Associations between the three groups (WC, BD-, BD ) and approximately normally
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Results
Table 1 lists the demographic, clinical and treatment characteristics. Compared to BD-,
BD+ had a greater number of episodes in general (t(43) = 2.93, p = 0.005), depressive
episodes (t(43) = 3.41, p = 0.001) and episodes per year (t(43) = 3.44, p = 0.001). There
were no other differences between BD+ and BD- in terms of clinical characteristics.
Table 1. Demographic, clinical and treatment characteristics
WC
(n = 23)
Mean (SD)
or n (%)

BD(n = 23)
Mean (SD)
or n (%)

BD+
(n = 22)
Mean (SD)
or n (%)

P-value

12 (52.2)
31.65 (5.21)

13 (56.5)
34.61 (7.28)
22.13 (6.37)
15 (65.2) / 8 (34.8)
12.48 (7.23)

12 (54.5)
36.86 (7.03)
21.64 (6.21)
11 (50) / 11 (50)
15.23 (7.65)

0.957a
0.034b
0.793c
0.302a
0.222c

4.69 (3.08)

8.95 (6.21)

0.005c

Mania

2.96 (2.14)

4.09(4.62)

0.292c

Depression

1.13 (1.79)

3.45 (2.70)

0.014c

0.09 (0.29)
0.35 (0.17)
10 (43.5)
9 (39.13)
12 (52.17)

0.45 (1.22)
0.55 (0.23)
10 (45.5)
1 (4.55)
13 (59.09)

0.168c
0.001c
0.894a
0.006a

Female sex
Age (years)
Age at onset (years)
Onset episode (mania/depression)
Duration of illness (years)
Total number of episodes

Mixed
Total number of episodes per year
Family history of mood disorder
MS
MS+AP
MS+AD
MS+AP+AD

2 (8.70)

2 (9.09)

0

6 (27.27)

Duration of ongoing subsyndromal
symptoms (months)

4.95 (3.43)

Subtype of ongoing subsyndromal
symptoms (depressive/manic/mixed)

14/6/2
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distributed sTNF-R1 and sIL-6R concentrations were expressed as standardized
regression coefficients (β) from multiple regression procedures with sTNF-R1 and
sIL-6R as dependent variable and dummy variables of the three groups as independent
variable, the WC group serving as reference. Two-sided statistical significance was set
at p < 0.05. STATA version 12.0 (STATA Corporation, College Station, TX, USA) was
used to carry out the statistical analyses.

WC: well controls, BD-: euthymic bipolar patients without subsyndromal symptoms, BD : euthymic bipolar patients
with subsyndromal symptoms. MS: Mood stabilizer, AP: Antipsychotic, AD: Antidepressant
a
Chi square
b
One-way ANOVA
c
t test
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Figure 1. Box-plot of plasma sTNF-R1 concentration in WC, BD- and BD+.
Median levels are indicated by horizontal lines. WC: well controls, BD-: euthymic bipolar
patients without subsyndromal symptoms, BD+: euthymic bipolar patients with
subsyndromal symptoms.

Age was associated with both sTNF-R1 concentration (r = 0.30, p = 0.013) and
sIL-6R concentration (r 0.25, p 0.038). There was no strong or significant
association between sex and either sTNF-R1 concentration (F(1,66) = 0.04,
p = 0.835) or sIL-6R concentration (F(1,66) = 0.02, p = 0.877). The mean sTNF-R1
concentration was 1.26 (SD = 0.74), 2.31 (SD = 1.13) and 2.62 (SD = 1.64) ng/ml
in WC, BD- and BD , respectively (Figure 1). The mean sIL-6R concentration was
116.12 (SD 48.46), 192.04 (SD 72.69) and 184.78 (SD 82.62) pg/ml in WC,
BD- and BD , respectively (Figure 2). In comparison to WC, sTNF-R1concentration
was higher in BD- and BD (uncontrolled standardized β, respectively: β 0.37,
p 0.005 and β 0.48, p < 0.001; age and sex adjusted standardized β, respectively:
β 0.34, p 0.012 and β 0.41, p 0.003). There was no difference between BD- and
BD in sTNF-R1 concentration (uncontrolled standardized β: β 0.10, p 0.403; age
and sex adjusted standardized β: β 0.07, p 0.559). In comparison to WC, sIL-6R
concentration was higher in BD- and BD (uncontrolled standardized β, respectively:
β 0.47, p < 0.001and β 0.42, p 0.001; age and sex adjusted standardized β,
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BD-

BD+

Figure 2. Box-plot of plasma sIL-6R concentration in WC, BD- and BD+
Median levels are indicated by horizontal lines. WC: well controls, BD-: euthymic bipolar
patients without subsyndromal symptoms, BD+: euthymic bipolar patients with
subsyndromal symptoms.
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respectively: β 0.44, p 0.001 and β 0.37, p 0.008). There was no difference
between BD- and BD in sIL-6R concentration (uncontrolled standardized β: β -0.05,
p 0.726; age and sex adjusted standardized β: β -0.08, p 0.587). There was
no strong or significant association between duration of illness and either sTNF-R1
concentration (r = 0.20, p = 0.183) or sIL-6R concentration (r = 0.08, p = 0.585).

Discussion
This study demonstrates that there were no differences between BD- and BD+ in
terms of sTNF-R1 and sIL-6R concentrations. However, sTNF-R1 and sIL-6R
concentrations were higher in both BD- and BD in comparison to WC.
Our findings are in line with a previous study reporting higher concentrations
of sTNF-R1 in euthymic BD patients compared to controls (Barbosa et al., 2011,
Barbosa et al., 2012a). It has been suggested that soluble cytokine receptors may
55
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better reflect the activity of the cytokines in uestion, given that they are detectable
in plasma even when cytokine concentrations are undetectable (Barbosa et al., 2011).
Thus, it is plausible to think of soluble cytokine receptors as more reliable markers
of activity. In the light of this evidence, both sTNF-R1 and sIL-6R can be considered
as markers reflecting pro-inflammatory activity. Both TNF-α and IL-6 are primary
regulators of pro-inflammatory process due to their initiating roles in the inflammatory
cascade of the acute phase response (Kronfol and Remick, 2000). They have the
ability of affecting various cells and therefore are regarded as possessing pleiotropic
properties. It has been demonstrated that the degradation of tryptophan (TRP) by the
indoleamine 2,3 dioxygenase (IDO) enzyme is mainly induced by interferon gamma
(IFN- ), but also, to a degree, by TNF-α and IL-6 (Leonard and Maes, 2012). Induced
IDO activity causes degradation of TRP, which serves as a precursor for serotonin.
Moreover, induced IDO activity leads to the formation of neurotoxic metabolites,
3-hydroxykynurenine and quinolinic acid (Dantzer et al., 2008). Several studies
have shown an association between IDO activation and mood disorder, particularly
unipolar depression (Leonard and Maes, 2012). Recently, the TNF-α system has
been postulated as a target for understanding the pathophysiology of BD (Brietzke
and Kapczinski, 2008, Soczynska et al., 2009). TNF-α exerts its effects via the cell
surface receptors called TNFR1 and TNFR2. The effect of TNFR2 is negligible to
TNFR1, since TNFR1is expressed in most cells, whereas TNFR2 is expressed only in
hematopoietic cells. TNFR1mediates apoptosis, cytokine production and activation of
nuclear factor kappa B (NF- B), which induces transcription of cell survival genes (i.e.
cellular inhibitors of apoptosis (cIAP), B-cell lymphoma 2 (Bcl-2) family) (Soczynska
et al., 2009). It has been postulated that there is a shift towards apoptosis during mood
episodes and that this shift arises from increased TNF-α concentration and cessation
of NF- B neuronal translocation due to decreased brain-derived neurotrophic factor
(BDNF) and nerve growth factor (NGF) (Brietzke and Kapczinski, 2008). On
balance, the TNF-α system may be considered an important factor playing a role in
the regulation of neuroplasticity. Moreover, the notion of TNF-α as a trait marker
of BD has some validity given evidence of higher TNF-α concentration in patients
with BD than in healthy controls, evidence of effects of TNF-α antagonists on mood
symptoms and effects of psychotropics on TNF-α (Goldstein et al., 2009, Soczynska
et al., 2009). However, it is still premature to count TNF-α as a trait marker of BD due
to the influence of several confounding factors, particularly the use of medication, on
the immune system. Likewise, the results of our study should be interpreted carefully
considering medication use as a potential confounder (Haack et al., 1999). Controlling
for this was not possible, as only patients used medication, resulting in collinearity.
Recent studies showing no difference between medicated euthymic BD patients
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and well controls in terms of TNF-α and IL-6 concentrations contradict the current
findings (Brietzke et al., 2009, Kunz et al., 2011, Kapczinski et al., 2011, Barbosa et
al., 2012b). The conclusion is that additional studies evaluating inflammatory markers
in the euthymic state, ideally comparing medication-free BD patients and matched
controls in large samples, are still needed in order to clarify if ongoing inflammation
is a trait in BD.
According to the model for staging BD with the use of biomarkers, progression
through later stages with social and cognitive dysfunction and persistent subsyndromal
symptoms in the inter-episode period is associated with increased oxidative stress
and inflammation, which can be demonstrated by high 3-nitrotyrosine and TNF-α
concentrations (Kapczinski et al., 2009, Post et al., 2012). This model stages BD
in five categories according to clinical features: Latent Stage is defined by positive
family history of mood disorders, subthreshold mood or anxiety symptoms; Stage 1 is
defined by euthymic periods without overt psychiatric symptoms; Stage 2 is defined
by symptoms during inter-episodic periods and comorbid psychiatric disorders; Stage
3 is defined by marked impairment in cognition and functioning; Stage 4 is defined by
need of a caregiver in daily life due to severe impairment in cognition and functioning
(Kapczinski et al., 2009). The patients with subsyndromal symptoms in our study
had persistent symptoms during euthymia, and experienced a greater number of
episodes. Thus, they can be considered as patients presenting at a later stage of
illness than the group of patients without subsyndromal symptoms. However, we did
not find any differences between these two groups in terms of sTNF-R1 and sIL-6R
concentrations. In their evaluation of brain-derived neurotrophic factor and cytokines
in early and late stage BD patients, Kauer-Sant’Anna and colleagues demonstrated
that TNF- α concentration remained higher in late stage patients even after controlling
for subsyndromal symptoms (Kauer-Sant’Anna et al., 2009). Consequently, they
propose that higher TNF- α concentration in the later stages of illness may be due to the
cumulative effect of past mood episodes or the cumulative effect of pro-inflammatory
shifts throughout the course of illness, rather than the effect of subsyndromal symptoms.
In accordance with this finding, the current analysis confirms that subsyndromal
symptoms have minimal effect on cytokine concentrations. Nevertheless, we do not
underestimate the cumulative effect of ongoing subsyndromal symptoms in patients
with advanced duration of illness. BD+ patients had a greater number of episodes per
year, which can be counted as an identifier for poor prognosis in the future. Thus, it
is also plausible to think that pro-inflammatory shifts may become more evident later
in the course of illness in BD+ compared to BD-. Alternatively, BD- and BD+ could
belong to same stage, in contrast to what was hypothesized. An in-depth evaluation
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of social and cognitive functioning could have provided more variables for empirical
staging.
To the best of our knowledge, this is the first study investigating immune changes in
subsyndromal BD patients. Although our analyses focused on potential inflammatory
markers of subsyndromal symptoms in BD-I, no actual associations were presented
between inflammatory markers and specific symptoms. Instead, we relied on grouplevel comparisons of patients with and without subsyndromal symptoms. To the
degree that these groups differ in other aspects other than symptomatology, results
could have been confounded. Therefore, follow-up research focusing on comparisons
at the symptom level in larger samples is re uired. Although the study had the benefit
of recruiting patients with subsyndromal symptoms with the help of standardized
assessments in a specialized mood disorders outpatient unit, the definition for
subsyndromal state recommended by the International Society of Bipolar Disorder
(ISBD) could have been measured more precisely (Tohen et al., 2009). However,
there was no consensus on the definition of subsyndromal states when the study
recruitment was initiated. Moreover, the cross-sectional design of the study limits
our further prediction about the effect of subsyndromal symptoms on cytokines in
the long term. It is also important to emphasize that we were unable to assess body
mass index as a potential confounder. Only soluble receptors of TNF- α and IL-6 were
assessed, which are the most studied cytokines in BD and considered as molecular
targets (Brietzke and Kapczinski, 2008, Soczynska et al., 2009, Munkholm et al.,
2012). Nevertheless, evaluation of additional inflammatory markers could provide the
opportunity of interpreting the findings in more detail. All patients were on medication.
As psychotropics (i.e. lithium) may impact on cytokine concentrations (Guloksuz et
al., 2010, Guloksuz et al., 2012, Haack et al., 1999), this could have confounded the
results. Given the fact that almost all patients in this small study had unique, nonoverlapping, treatment modalities (i.e. different combinations of medications and/or
different doses), it was impossible to group according to treatment modality in detail
and describe medication-related effects in the patient sample. Moreover, previous
work suggests that medications have different, sometimes interacting effects on
immune mediators (Haack et al., 1999). Although it could be argued that medication
equivalents might have been used in analyses within the patient group, this method
can only be applied to antipsychotics. Furthermore, caution must be taken when using
this methodology, since medication e uivalents reflect efficacy rather than biological
mechanisms. Thus, it was decided not to analyze the effect of each separate medication
on immune mediators in this relatively small sample. This is a limitation. On the
other hand, eliminating this possibly confounding effect is nearly impossible given
the fact that augmentation strategies, resulting in patient-unique medication mixes,

Conclusions
Despite its preliminary character, findings of our study appear to indicate that
subsyndromal symptoms do not influence sTNF-R1 and sIL-6R concentrations.
Nevertheless, longitudinal studies with larger samples are required in order to clarify
the relationship between illness course and inflammatory markers in BD.
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are routine practice in the treatment of bipolar disorder (Munkholm et al., 2012). The
cross-sectional design of the study also prevented us to evaluate the effects of earlier,
currently discontinued treatment. Given the possibility of residual confounding by
medication, and the difficulties in disentangling confounding by medication within
patient-specific polypharmacy approaches, follow-up semi-experimental studies are
required to settle this issue. Finally, the sample size of the study was relatively small,
which had the inherent risk of type-II error.
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5

Crohn’s disease (CD) is associated with immune activation and depressive symptoms.
This study determines the impact of anti-tumor necrosis factor (TNF)-α treatment in CD
patients on depressive symptoms and the degree to which tryptophan (TRP) availability
and immune markers mediate this effect. Fifteen patients with CD, eligible for anti-TNF-α
treatment were recruited. Disease activity (Harvey-Bradshaw Index (HBI), Crohn’s Disease
Activity Index (CDAI)), fatigue (Multidimensional Fatigue Inventory (MFI)), quality of life
(Inflammatory Bowel Disease Questionnaire (IBDQ)), symptoms of depression and anxiety
(Symptom Checklist (SCL-90), Beck Depression Inventory (BDI), Hamilton Depression Rating
Scale (HDRS)), immune activation (acute phase proteins (APP)), zinc and TRP availability
were assessed before treatment and after 2, 4 and 8 weeks. Anti-TNF-α increased IBDQ
scores and reduced all depression scores; however only SCL-90 depression scores remained
decreased after correction for HBI. Positive APPs decreased, while negative APPs increased
after treatment. After correction for HBI, both level and percentage of γ fraction were
associated with SCL-90 depression scores over time. After correction for HBI, patients with
current/past depressive disorder displayed higher levels of positive APPs and lower levels
of negative APPs and zinc. TRP availability remained invariant over time and there was no
association between SCL-90 depression scores and TRP availability. Inflammatory reactions
in CD are more evident in patients with comorbid depression, regardless of disease activity.
Anti-TNF-α treatment in CD reduces depressive symptoms, in part independently of disease
activity; there was no evidence that this effect was mediated by immune-induced changes
in TRP availability.

DEPRESSIVE SYMPTOMS IN CROHN’S DISEASE: RELATIONSHIP WITH
IMMUNE ACTIVATION AND TRYPTOPHAN AVAILABILITY

Abstract

Keywords: Crohn’s disease, Depression, Fatigue, Quality of life, Inflammation, Tumor
necrosis factor alpha, Acute phase proteins, Tryptophan, Serotonin, Infliximab
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Crohn’s disease (CD) has been associated with an increased prevalence of
psychopathology. In addition, it is proposed that CD is more likely to occur in subjects
with predisposing personality traits, such as high level of neuroticism and introversion
(Robertson et al., 1989). Previous studies show mixed results concerning the temporal
relationship between the onset of gastrointestinal complaints and symptoms of mental
disorder (Helzer et al., 1984, North et al., 1991, Kurina et al., 2001, Camara et al.,
2011, Mardini et al., 2004, Mittermaier et al., 2004, Banovic et al., 2009). However,
once present, bouts of disease activity and symptoms of anxiety and depression
tend to co-occur. Elevated levels of inflammatory mediators have been implicated
in the pathophysiology of CD. The immune response in CD patients typically has
been considered majorly as Th1-type, assessed by elevated expression of interleukin
(IL)-12, tumor necrosis factor (TNF)-α and interferon (IFN)-γ, which are proinflammatory cytokines that increase macrophage and natural killer cell activation,
antigen presenting cell function, and lead to the production of other pro-inflammatory
mediators (Papadakis and Targan, 2000, Plevy et al., 1997, Strober et al., 2010). In
addition, the role of Th-17-mediated response in pathophysiology of CD has recently
been implicated (Strober et al., 2010).
Considering that the presence of depression predicts lower remission rates and
decreases the time to retreatment of CD (Persoons et al., 2005), it is plausible to
hypothesize that there is an interaction between depression and CD. A growing
body of evidence also supports the notion that immune-modulation plays a role in
pathogenesis of depression (Dantzer et al., 2008, Miller et al., 2009, Leonard and
Maes, 2012). Administration of the pro-inflammatory cytokine IFN-α in humans
triggers the development of depressive symptoms in up to 45% of participants (Van
Gool et al., 2003). Furthermore, increased production of IL-6, IL-1β, IFN-γ and
TNF-α, as well as signs of an acute phase response, i.e. increased production of
positive acute phase proteins (APPs) and decreased production of negative APPs, are
associated with depression (Maes et al., 1995, Sluzewska et al., 1996, Leonard, 2001,
Licinio and Wong, 1999, Dantzer et al., 2008, Miller et al., 2009, Maes et al., 1997).
The observation of higher levels of positive APPs accompanied by low levels of
negative APPs supports the notion that depression is inflammatory-related. Likewise,
zinc, which plays a role in inflammatory mechanisms as a key antioxidant, has been
reported at reduced levels in patients with depression (Maes et al., 1999, Maes et
al., 1997). In addition, increased levels of complement factors C3c and C4, as well
as immunoglobulin M (IgM) and IgG are also observed in this disorder (Song et
al., 1994). Immune activation may impact on mood, by decreasing the availability
of peripheral tryptophan (TRP) that may cross the blood-brain-barrier (Leonard
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and Maes, 2012, Dantzer et al., 2008, Miller et al., 2009) . TRP is the precursor of
serotonin (5-HT), a neurotransmitter synthesized in the brain and important in the
regulation of mood. Earlier studies show that indicators of the availability of TRP to
brain, serum/plasma TRP, as well as the ratio of TRP to the sum of competing amino
acids (CAA) known to compete for the cerebral uptake mechanism of TRP , are
lower in depression (Maes et al., 1993, Maes et al., 1994, Maes et al., 1996, Maes et
al., 1997, Cowen et al., 1989, Maes et al., 1986).
The causal mechanism underlying the relationship between CD and mental disorder
is unclear. Symptoms of depression and anxiety may represent the psychological
response to disease activity. On the other hand, it may be hypothesized that activation
of the inflammatory immune response causes both CD and symptoms of mental
disorder, which could explain (i) the uncertain temporal relationship between onset
of CD and symptoms of mental disorder, (ii) the close relationship between disease
state and psychopathology, and (iii) personality differences between CD patients
and controls. There is some evidence that depressive symptoms may be reduced in
CD patients after infusion of anti-TNF-α, an efficient treatment for gastrointestinal
symptoms in CD (Persoons et al., 2005, Minderhoud et al., 2007).
Therefore, the aim of the current study was to determine the impact of antiTNF-α treatment in CD patients on depressive symptoms, and to examine the
possibility that improvement of depressive symptoms occurs in parallel with
changes in TRP availability imposed by a reduction in inflammation as reflected
by levels of APPs.

Methods
Subjects
15 patients (4 men and 11 women) with CD, eligible for anti-TNF-α, infliximab
(Remicade®) infusion were recruited. Inclusion criteria were: having a HarveyBradshaw Index (HBI) score 10 or active perianal fistula, being allergic or
not responding to the following treatments: azathioprine, methotrexate and/or
corticosteroids. Exclusion criteria were: age < 18 and > 65 years, pregnancy or
intention to get pregnant within the period of treatment and up to 6 months after
discontinuation of therapy, women not practicing or not willing to practice safe methods
of contraception during the treatment period up to 6 months after discontinuation
of therapy, lactation, human immunodeficiency virus positivity, chemotherapy or
systemic antiviral treatment during the 6 months prior to study entry, presence of
other serious disease (e.g. malignancy, uncontrolled myocardial disease or severe
arrhythmias), tuberculosis positivity (current or past), creatinine levels over 150
67
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mmol/L or 1.70 mg/dl, any condition which in the opinion of the (co-) investigator
might interfere with the evaluation of the study objectives, patients meeting axis I
criteria for mental disorders as defined by DSM-IV, except for patients meeting the
criteria for a depressive or anxiety disorder.
The study was approved by the standing Medical Ethics Committee of Maastricht
University, and carried out in accordance with the Declaration of Helsinki (Hong
Kong Modification, 1989). Written informed consent was obtained from each subject
prior to participation.
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Study design
A within-subject design was used to determine (i) the effect of anti-TNF-α
infusion on disease activity and markers of immune activation, (ii) effect of antiTNF-α infusion on mood, fatigue and uality of life, (iii) effect of altered immune
activation on TRP levels, and (iv) effect of TRP levels on depressive symptoms.
Patients received an infusion of anti-TNF-α, infliximab (Remicade ) (5 mg/kg
bodyweight). Psychological assessments and measurements of immune activation
were performed before infusion (baseline) and 2, 4 and 8 weeks after infusion.
Fasting blood samples were collected between 8.00 and 10.00 AM. Blood samples
were centrifuged at 1300xg for 10 minutes. Serum was then stored at -80°C until
assayed.
Disease activity and psychological assessments
Disease activity was assessed using the HBI (Harvey and Bradshaw, 1980) and the
Crohn’s Disease Activity Index (CDAI) (Yoshida, 1999). The latter was assessed only
at baseline, 4 and 8 weeks after infusion. Fatigue was assessed by the Multidimensional
Fatigue Inventory (MFI), which is a self-report instrument consisting of five scales
measuring general fatigue, physical fatigue, reduced activity, reduced motivation and
mental fatigue (Smets et al., 1995). In order to limit the number of tests applied,
only core fatigue dimensions of physical and mental fatigue were included in the
analyses in order to avoid overlap with depression dimensions of reduced activity
and motivation. Quality of Life was measured using the Inflammatory Bowel Disease
Questionnaire (IBDQ) (Russel et al., 1997)
The presence of depressive symptoms was assessed by the 17-item Hamilton
Depression Rating Scale (HDRS) (Hamilton, 1967). In addition, symptoms of
depression and anxiety were assessed by self-report using the Beck Depression
Inventory (BDI) (Beck and Steer, 1984, Bosscher et al., 1986) and the Symptom
Checklist (SCL-90) (Derogatis et al., 1976). To determine the presence of axis I mental
disorder, the Structured Clinical Interview for DSM-IV axis I Disorders Version 5.0
was administered.

Statistical analyses
Normality of distribution was ascertained by Kolmogorov-Smirnov test. Levene
statistics were used to check the assumption of homogeneity of variances. Distributions
of transferrin and percentages of the α1 and α2 fractions were log-transformed to
improve normality. The data were analyzed with the Stata computer program, version
12 (Stata Corporation, College Station, TX, USA). Multilevel random regression
models were fitted testing main effects and interactions, using the TREG routine in
Stata. The XTREG procedure takes into account the fact that level-one units (repeated
observation level) were hierarchically clustered into level-two units (subject level).
Effect sizes of explanatory variables were expressed as regression coefficients (B)
from the multilevel models. Regression analyses were performed to examine the
effects of time (linear and factored) on the CDAI, mental and physical fatigue,
dimensions of the IBDQ, HDRS and on the anxiety and depression scales of the SCL90 uestionnaire. Effects of time on immune parameters were similarly estimated.
In addition, regression analyses were used to determine associations, over time,
between immune parameters and TRP/CAA ratio and between TRP/CAA ratio and
measures of depression. Analyses were corrected a priori for age, smoking, sex, use
of oral contraceptives, medication use during the study (mesalamine, corticosteroids,
azathioprine and/or methotrexate), presence of past/current depression or anxiety
disorder (0=not present, 1=present). In addition, the effect over time of past or current
depression or anxiety disorder on immune parameters and TRP/CAA ratio was also
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Determination of markers of immune activation and TRP/CAA
Immune activation was determined by using positive APPs (α1 antitrypsin, α1 –
acid glycoprotein and α1 antichymotrypsin, haptoglobin, ceruloplasmin, fibrinogen,
complement factor C3), negative APPs (albumin, transferrin) and zinc as markers of
inflammation described in more detail below. Five major fractions of serum proteins
were determined using the capillary zone electrophoresis techni ue; albumin (negative
APP), α1, α2, β and γ globulin fractions. α1 antitrypsin, α1 acid glycoprotein and α1
antichymotrypsin, all positive APPs, migrate in the α1 zone, while haptoglobin and
ceruloplasmin, also positive APPs, migrate in the α2 zone. Fibrinogen, complement
factor C3 and transferrin migrate in the β zone and immunoglobulins in the γ zone.
Total serum protein determination and electrophoresis for measurement of albumin
and the α, β and γ fractions were performed as described previously (Van Hunsel et
al., 1996). Transferrin concentration was analysed using immunoturbidimetry. Serum
zinc levels were determined using atomic absorption spectroscopy (Maes et al., 1999).
Total TRP and CAA were assayed using high-performance li uid chromatography as
explained previously (Wichers et al., 2005).
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investigated. Two-sided statistical significance was set at p < 0.05. Each hypothesis
was corrected using the Simes’ modification of the Bonferroni procedure for multiple
testing (Simes, 1986). Hereafter, the notation for corrected p-values is: pSimes.
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Subject characteristics and missing data
The sample consisted of 15 patients, 4 men and 11 women. The mean age was
32.7 (SD = 11.4) years. Six were cigarette smokers. Seven of 11 women used oral
contraceptives. All patients, except one, received concomitant medication. Ten
patients were on mesalamine medication, nine used corticosteroids, seven received
azathioprine and two received methotrexate medication. Six of 15 patients received
the anti-TNF-α infusion for the first time. Two patients fulfilled criteria for lifetime
depressive disorder and two for current depressive disorder with melancholic features.
Table 1 shows disease activity and assessment of behavioral and psychopathological
parameters at each time point. Immune parameters and TRP/CAA at each time
point are presented in Table 2. All patients completed the study. With respect to the
administered uestionnaires, one observation was missing. Six observations were

Table 1. Total scores of disease activity and psychopathological and behavioral
assessments at each time point
Baseline

Week 2

Week 4

Week 8

8.78 (2.91)

3.33 (2.26)

3.73 (2.81)

6.03 (5.68)

230.83 (94.75)

NA

102.02 (66.24)

144.84 (105.71)

MFI Physical Fatigue

13.87 (3.64)

11.53 (4.81)

12.20 (5.35)

11.86 (5.36)

MFI Mental Fatigue

9.40 (5.62)

7.20 (3.10)

8.27 (3.94)

9.04 (5.29)

IBDQ Bowel Symptoms

41.87 (6.00)

58.13 (6.28)

58.80 (6.10)

53.18 (12.05)

IBDQ Systemic Symptoms

19.13 (5.36)

26.67 (5.11)

26.73 (3.97)

25.44 (6.63)

IBDQ Emotional Status

61.53 (13.26)

71.27 (6.84)

73.27 (6.94)

70.09 (14.97)

IBDQ Social Functioning

24.33 (6.50)

29.93 (3.65)

30.80 (3.51)

28.78 (7.06)

HDRS

9.47 (5.58)

5.87 (5.85)

5.27 (4.15)

6.94 (7.55)

BDI

8.07 (6.86)

5.00 (5.79)

5.53 (6.31)

3.99 (3.18)

SCL-90 Depression

1.91 (0.71)

1.68 (0.64)

1.55 (0.32)

1.41(0.32)

SCL-90 Anxiety

0.95 (0.30)

0.89 (0.20)

0.80(0.09)

0.83 (0.10)

HBI
CDAI

The results were presented as mean (sd)
HBI: Harvey-Bradshaw Index, CDAI: Crohn’s Disease Activity Index, MFI: Multidimensional Fatigue Inventory,
IBDQ: Inflammatory Bowel Disease Questionnaire, HDRS: Hamilton Depression Rating Scale, BDI: Beck
Depression Inventory, SCL-90: Symptom Checklist.
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Baseline

Week 2

Week 4

Week 8

Albumin (mg/dl)

36.06 (6.66)

38.95 (5.54)

39.82 (8.07)

37.53 (7.55)

Albumin %

52.52 (6.91)

55.90 (5.02)

55.61 (5.71)

55.16 (4.93)

α1 (mg/dl)

5.72 (0.94)

5.37 (0.99)

5.45 (1.20)

5.16 (1.21)

α1 %

8.53 (1.86)

7.86 (1.82)

7.85 (2.07)

7.71 (1.68)

α2 (mg/dl)

8.86 (1.07)

7.71 (1.08)

8.15 (1.40)

8.04 (1.39)

α2%

12.82 (1.55)

11.14 (1.38)

11.48 (1.55)

12.01 (1.58)

β (mg/dl)

7.23 (0.97)

7.23 (1.16)

7.33 (1.29)

6.90 (1.37)

β%

10.73 (1.80)

10.50 (1.90)

10.16 (1.87)

10.29 (1.74)

γ (mg/dl)

10.28 (3.15)

10.30 (2.96)

10.67 (2.99)

10.13 (2.93)

γ%

14.97 (3.88)

14.63 (3.45)

14.81 (3.16)

14.82 (3.40)

Total protein (mg/dl)

68.25 (6.93)

69.68 (7.30)

71.03 (11.91)

67.90 (11.17)

Transferrin (mg/dl)

256.79 (56.63)

271.28 (42.34)

281.29 (49.33)

257.75 (55.58)

TRP/CAA

0.11 (0.02)

0.11 (0.02)

0.12 (0.01)

0.11 (0.02)

Zinc (µg/dl)

95.30 (16.24)

91.96 (16.31)

96.36 (14.14)

89.06 (23.61)

The results were presented as mean (sd)
TRP/CAA: tryptophan/competing aminoacids
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Table 2. Immune parameters and TRP/CAA at each time point

missing in the measurements of immune parameters (10%). Because data were
missing randomly, we used the Expectation Maximization (EM) method to impute
missing data.
CDAI and HBI scores significantly decreased compared to baseline after antiTNF-α infusion at all time points (Table 3), and the association between these two
measures over time was highly significant (B 18.45, p < 0.001). Because of this high
correlation, HBI scores were used in further analyses (Figure 1), as this was available
at all four time points (CDAI being available only at three time points).
Effects of anti-TNF-α on fatigue, quality of life and mood
Administration of anti-TNF-α significantly increased scores on all dimensions of
uality of life and reduced depression scores measured by the HDRS, BDI and SCL90 (Table 3). Anxiety, measured by the SCL-90, was significantly decreased only
at one time point, namely 4 weeks after infusion. Physical and mental fatigue was
decreased only at 2 weeks after infusion. Because of the impact that disease activity
may have on mood, analyses were performed again corrected for HBI score (Table
4). IBDQ scores with respect to bowel symptoms, systemic symptoms and social
functioning remained significantly increased with respect to baseline. In addition,
71

Table 3. Effects of anti-TNF-α infusion on disease activity, fatigue, quality of life and
mood compared to baseline reference value.
Week 2

Week 4

Week 8

Time (linear trend)

B

PSimes

B

PSimes

B

PSimes

B

P

-5.57

<0.001

-5.17

<0.001

-2.87

0.006

-0.77

NS

NA

NA

-128.8

<0.001

-85.99

<0.001

-33.77

<0.001

MFI physical

-2.33

0.027

-1.67

NS

-2.01

NS

-0.53

NS

MFI mental

-2.20

0.012

-1.13

NS

-0.36

NS

-0.00

NS

IBDQ bowel

16.26

<0.001

16.93

<0.001

11.31

<0.001

3.46

<0.001

IBDQ systemic

7.53

<0.001

7.60

<0.001

6.31

<0.001

1.90

<0.001

IBDQ emotional

9.73

0.001

11.73

<0.001

8.55

0.003

2.77

0.008

IBDQ social

5.60

<0.001

6.47

<0.001

4.45

0.002

1.42

0.008

HDRS

-3.60

0.005

-4.20

0.001

-2.53

NS

-0.82

NS

BDI

-3.07

0.002

-2.53

0.009

-2.81

0.005

-0.81

0.016

SCL-90 Depression

-3.00

0.019

-4.67

<0.001

-5.08

<0.001

-1.71

<0.001

SCL-90 Anxiety

-0.80

NS

-1.40

0.004

-0.93

NS

-0.34

0.032

HBI
CDAI
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HBI: Harvey-Bradshaw Index, CDAI: Crohn’s Disease Activity Index, MFI: Multidimensional Fatigue Inventory,
IBDQ: Inflammatory Bowel Disease Questionnaire, HDRS: Hamilton Depression Rating Scale, BDI: Beck
Depression Inventory, SCL-90: Symptom Checklist.

Figure 1. Overtime course of Harvey Bradshaw Index
The line represents the mean score and the error bars represent the standard error at each
time point.
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Table 4. Effects of anti-TNF-α on fatigue, quality of life and mood compared to baseline
scores, corrected for disease activity
Week 4

Week 8

Time (linear trend)

B

PSimes

B

PSimes

B

PSimes

B

P

MFI physical

0.72

NS

1.17

NS

-0.41

NS

-0.17

NS

MFI mental

0.81

NS

1.68

NS

1.35

NS

0.45

NS

IBDQ bowel

9.12

<0.001

10.28

<0.001

7.44

<0.001

1.85

0.006

IBDQ systemic

3.49

0.012

3.84

0.004

4.17

<0.001

1.14

0.003

IBDQ emotional

3.25

NS

5.71

NS

5.19

NS

1.66

NS

IBDQ social

3.07

NS

4.16

0.007

3.40

0.014

0.98

0.024

HDRS

0.25

NS

-0.61

NS

-0.42

NS

-0.22

NS

BDI

-1.58

NS

-1.16

NS

-2.07

NS

-0.53

NS

SCL-90 Depression

-1.97

NS

-3.72

0.016

-4.58

0.001

-1.51

<0.001

SCL-90 Anxiety

-0.10

NS

-0.73

NS

-0.51

NS

-0.21

NS

MFI: Multidimensional Fatigue Inventory, IBDQ: Inflammatory Bowel Disease Questionnaire, HDRS: Hamilton
Depression Rating Scale, BDI: Beck Depression Inventory, SCL-90: Symptom Checklist.

depressive symptom score measured by SCL-90 remained significantly decreased at 4
and 8 weeks after infusion, and also showed a significant reduction linear trend over
time. Reductions in fatigue scores, BDI scores, HDRS scores and SCL-90 anxiety
scores no longer were significant after correction for disease activity.
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Week 2

Effects of anti-TNF-α on immune parameters and TRP/CAA
Table 5 shows the changes in immune parameter and TRP/CAA ratio compared
to baseline after anti-TNF-α infusion. Serum transferrin, albumin and the percentage
of the albumin fraction were significantly increased after infusion, whereas α1 and α2
fractions and the percentages of α1, α2 and β fractions were significantly decreased.
There was no variation in TRP/CAA ratio compared to baseline after anti-TNF-α
infusion. A higher HBI score was associated significantly with a lower TRP/CAA
ratio (B - 0.0009, p 0.031) over time. There were no significant associations
between changes in immune parameters over time and the TRP/CAA ratio (results
not shown).
Effects of changes in TRP/CAA ratio and immune parameters over time on
depressive symptoms
As the SCL-90 depression score was most sensitive to mood changes after infusion
of anti-TNF-α (Figure 2), the association between mood changes and immune
73

Table 5. Effects of anti-TNF-α infusion on immune parameters and TRP/CAA compared to
baseline reference value
Week 2

Week 4

Week 8

Time (linear trend)

B

PSimes

B

PSimes

B

PSimes

B

P

Albumin

2.88

NS

3.76

0.005

1.47

NS

0.53

NS

Albumin %

3.38

<0.001

3.10

<0.001

2.65

<0.001

0.77

0.001

α1

-0.35

NS

-0.27

NS

-0.56

0.009

-0.16

0.019

Log α1 %

-0.09

0.005

-0.09

0.003

-0.10

0.001

-0.03

0.002

α2

-1.15

<0.001

-0.71

0.004

-0.82

0.001

-0.20

0.034

Log α2 %

-0.17

<0.001

-0.15

<0.001

-0.10

<0.001

-0.03

0.016

β

-0.00

NS

0.09

NS

-0.33

NS

-0.09

NS

β %

-0.23

NS

-0.57

0.003

-0.44

0.020

-0.17

0.007

γ

0.01

NS

0.39

NS

-0.15

NS

-0.01

NS

γ%

-0.34

NS

-0.17

NS

-0.15

NS

-0.03

NS

Total protein

1.42

NS

2.78

NS

-0.35

NS

0.03

NS

Log transferrin

0.07

NS

0.10

0.010

0.01

NS

0.01

NS

Zinc

-3.34

NS

2.97

NS

-6.24

NS

-1.28

NS

TRP/CAA

0.00

NS

0.01

NS

0.00

NS

0.00

NS
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TRP/CAA: tryptophan/competing aminoacids

Figure 2. Overtime course of SCl-90 Depression
The line represents the mean score and the error bars represent the standard error at each
time point.
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Table 6. Association between SCL-90 depression scores and immune parameters and
TRP/CAA over time.
SCL-90 Depressionb

B

PSimes

B

PSimes

Albumin

-0.07

NS

0.09

NS

Albumin %

-0.46

NS

-0.19

NS

α1

0.11

NS

0.09

NS

Log α1 %

-4.25

NS

-5.82

NS

α2

1.26

NS

0.63

NS

Log α2 %

6.98

NS

-2.75

NS

β

0.56

NS

0.98

NS

β %
γ
γ%
Total protein
Log transferrin
Zinc
TRP/CAA

-0.34
0.69
1.15
0.07
-9.67
0.03
17.70

NS
NS
0.001
NS
NS
NS
NS

-0.45
0.90
1.18
0.11
-4.35
0.04
48.21

NS
0.005
0.001
NS
NS
NS
NS

without correction for disease activity bcorrected for disease activity
SCL-90: Symptom Checklist, TRP/CAA: tryptophan/competing aminoacids
a
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SCL-90 Depressiona

parameters was examined in more detail. Table 6 shows the association over time
between SCL-90 depression scores on the one hand and immune parameters as well as
TRP/CAA on the other, before and after correction for HBI scores. Overall percentage
of γ was associated with SCL-90 depression scores over time (B 1.15, pSimes = 0.001).
After correction for disease activity, both level of γ fraction and percentage of γ were
associated with SCL-90 depression scores over time (B = 0.90, pSimes = 0.005 and
B = 1.18, pSimes = 0.001).
Effects of current/ past depressive disorder on TRP/CAA ratio and immune
parameters over time
After correction for disease activity, overall levels of zinc (B = -24.28, pSimes <
0.001) albumin fraction (B = -7.02, pSimes < 0.001) and the percentage of the albumin
fraction (B = -7.56, pSimes < 0.001) were significantly lower and levels of α2 (B = 1.15,
pSimes < 0.001), β (B 0.64, pSimes 0.005) and γ (B 2.02, pSimes = 0.028) fractions and
those of the percentages of α2 (B = 0.18, pSimes < 0.001), β (B 1.23, pSimes = 0.002)
and γ (B 3.39, pSimes < 0.001) fractions were significantly higher in subjects with a
current/ past depressive disorder. Current/ past depressive disorder had no influence
on overall TRP/CAA ratio.
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To the best of our knowledge, this is the first prospective study investigating the
impact of anti-TNF-α (infliximab) infusion on disease activity, uality of life, fatigue
and depressive symptoms along with its possible relation to immune parameters
and the TRP/CAA ratio in CD patients. The principal findings of this study were as
follows: (i) scores of depression scales were decreased after anti-TNF-α infusion and
this effect was to a degree, but not entirely, reducible to disease activity; (ii) there
was no change in the TRP/CAA ratio after anti-TNF-α infusion and neither scores of
depression scales, nor immune parameters were associated with TRP/CAA ratio; (iii)
immune activation was higher in patients with current/past depressive disorder.
The association between the immune system and depression comes from several
lines of evidence, including the induction of sickness behavior (which resembles
core features of major depression in patients such as sleep disturbances, anergia and
anhedonia) in animals treated with inflammatory agents, and the high comorbidity of
inflammation related medical disorders - e.g. CD, rheumatoid arthritis, psoriasis and
treatments with immune modulators - with psychopathology (Irwin and Miller, 2007,
Dantzer et al., 2008, Miller et al., 2009) Moreover, it was shown that treatment of
CD with anti-TNF-α reduces not only disease activity but also depressive symptoms
(Minderhoud et al., 2007, Loftus et al., 2008, Banovic et al., 2009). The present
findings, showing decrement in depressive symptom scores measured by SCL-90,
BDI, and HDRS in patients with CD after anti-TNF-α treatment, are in agreement
with these previous reports. Considering that depressive symptom scores measured
by SCL-90 remained significantly decreased after correction for HBI scores compared
to baseline, it is plausible that the decrease in depressive symptoms maybe mediated
in part through changes in the immune system rather than only through reductions in
psychological distress due to reduced disease activity. The differences between these
three scales are likely related to differences in the constructs underlying the scales.
(Cusin et al., 2010) The HDRS in fact taps into various symptom groups that may
be associated with the nuclear depression syndrome, particularly somatic symptoms.
Although the HDRS is widely used, the SCL-90 is a more unidimensional measure of
the nuclear depression syndrome, whereas the BDI assesses attitudes and cognitions,
which are mostly stable overtime. Given these differences, the SCL-90 was chosen
for further analysis.
In addition, it was found that decrements in depressive symptom scores after antiTNF-α infusion followed the reduction of inflammation as defined by an increase
in negative APPs (albumin) and a decrease in positive APPs (α1 and α2 fractions).
Research suggests that an imbalance of the immune system plays a role in depression
through several interacting mechanisms (Dantzer et al., 2008). There is some evidence
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that serotonin neurotransmission may play a role in the pathogenesis of depression and
given the fact that TRP depletion decreases mood in vulnerable people, much attention
has been focused on the degradation of TRP by the indoleamine 2,3 dioxygenase
(IDO) enzyme, which is predominantly induced by IFN-γ and TNF-α (Dantzer et al.,
2008, Wichers and Maes, 2004). In contrast to earlier studies showing decreased TRP/
CAA ratios in patients with depression (Cowen et al., 1989, Maes et al., 1993, Maes
et al., 1994, Maes et al., 1996, Maes et al., 1997) and correlations between depressive
symptoms and TRP levels in IFN-γ induced depression (Capuron et al., 2002, Capuron
et al., 2003), we did not find any increase in TRP/CAA ratio over time and there
was no association over time between SCL-90 depressive symptom scores and TRP/
CAA ratio after infusion of anti-TNF-α. Considering the earlier findings showing
decreased TRP/CAA ratio in IFN-γ induced depression, the fall in TRP may explain
the role of immune mediators in depression, albeit partially. It has been argued that
IFN-γ induced depression is associated with induction of IDO that increases levels
of kynurenine (KYN), which in turn leads to formation of neurotoxic metabolites,
3-hydroxykynurenine and uinolinic acid, rather than just TRP degradation by itself
(Myint and Kim, 2003, Wichers and Maes, 2004, Wichers et al., 2005, Dantzer et al.,
2008, Raison et al., 2010, Maes et al., 2011). Furthermore, it has been demonstrated
there was no relationship between response to antidepressant treatment and TRP/CAA
ratio in a large group of patients with major depression (Porter et al., 2005). In the
light of these findings, it can be speculated that the reduction in depressive symptom
scores in our sample is maybe associated with restoration of balance in KYN pathway
rather than changes in TRP/CAA ratio.
Similar to the findings of the current study demonstrating invariant TRP/CAA
ratio after treatment with anti-TNF-α, it was shown adalimumab, which is also a
TNF-α antagonist, exerts its immune-suppressant effect without influencing IDO
activity and TRP levels in patients with rheumatoid arthritis (Kurz et al., 2011).
Furthermore, the present study also failed to find an association between immune
parameters and TRP/CAA ratio over time. Conse uently, it may be reasoned that
TNF-α antagonists exert effects on disease activity and depressive symptoms through
several different pathways, for example nuclear factor kappa B modulation of cell
survival and apoptosis, corticotrophin releasing factor, vasopressin, brain-derived
neurotrophic factor (Dantzer et al., 2008, Miller et al., 2009, Soczynska et al., 2009,
Kenis et al., 2011).
In the current study it was demonstrated that, even after correction for disease
activity, levels and percentages of positive APPs (α2, β, γ) were higher, while levels
and percentages of albumin and levels of zinc were lower in patients with a current
or past depressive episode. In other words, an inflammatory reaction was more
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evident in patients with depression, and not solely dependent on disease activity. The
association between SCL-90 depression scores and γ fraction after correction for
disease activity also fortifies this notion. There are numerous studies showing that
depression exacerbates CD and predicts lower remission rates in CD (Mardini et al.,
2004, Mittermaier et al., 2004, Persoons et al., 2005, Camara et al., 2011). In order
to clarify the additive effect of depression on immune activation and disease activity
in CD, studies comparing immune parameters between CD patients with and without
depression are re uired.
In agreement with previous studies evaluating CD patients, improvement in uality
of life after anti-TNF-α infusion was demonstrated by increases across all domains
of IBDQ (van Balkom et al., 2002, Lichtenstein et al., 2002, Banovic et al., 2009).
Likewise, in line with previous studies, anti-TNF-α infusion decreased physical and
mental fatigue at week 2. Nevertheless, decreases in fatigue scores were no longer
significant after correction for disease activity. Contrary to this latter finding, it has
been suggested that fatigue in CD is secondary to depression rather than a primary
manifestation of disease activity (Banovic et al., 2010).
The strength of this prospective study is that it has not only analysed the effect of
anti-TNF-α treatment on depressive symptoms in CD patients, but also concentrated
on the underlying immune mechanism by measuring TRP/CAA ratio and immune
parameters with corrections for disease activity. Although the study design allowed
us to use patients as their own controls over a time period of 8 weeks, the sample size
was rather small which may have caused type-II errors. We carefully evaluated the
presence of axis I mental disorder using the Structured Clinical Interview for DSM-IV
axis I Disorders Version 5.0 in this sample. Two patients fulfilled criteria for lifetime
depressive disorder and two for current depressive disorder with melancholic features.
Since the presence of depressive disorder is a likely confounder, all analyses were
corrected for this variable. We did not specifically collect information about patients’
psychotropic treatment plan, however this likely overlaps with presence of mental
disorder. Other limitations also apply. In the present study, TRP availability to the brain
was estimated by the peripheral TRP/CAA ratio. Various previous studies measured
brain tryptophan availability using the same TRP/CAA ratio. (Christmas et al., 2011,
Wichers et al., 2005, Maes et al., 1996, Maes et al., 1993, Maes et al., 1994, Maes et
al., 1997, Maes et al., 1986, Porter et al., 2005). Given that plasma TRP concentrations
correlate poorly with those in cerebrospinal fluid (CSF), the TRP/CAA ratio gives us a
more reliable measure of brain TRP availability taking into account the fact that CAA
is competing for the cerebral uptake of TRP (Christmas et al., 2011). For a more direct
approach, TRP and its metabolites would have to be measured in CSF, which might
provide a better estimate (van Donkelaar et al., 2011). However, lumbar puncture in
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these patients ethically would be considered invasive, given lifetime chronic illness
re uiring major medical diagnostic testing and interventions over the course of the
illness. As explained previously, measurement of IDO activity, along with its products
and the ratio between neurotoxic and neuroprotective metabolites may allow for a
more direct test of the uestion whether a decrease in depressive symptom scores
after anti-TNF-α is due to changes in TRP and its metabolites, or whether several
other mechanisms are involved. Another approach to understand the effect of TNF-α
antagonists on depression may be to evaluate the effect of anti-TNF-α treatment on
treatment response and immune markers in patients with depression. This approach
may help to eliminate other potential confounders originating from the nature of
autoimmune disorders like CD re uiring use of concomitant medication influencing
immune parameters. Ongoing studies evaluating the efficacy of drugs with antagonist
properties at TNF-α, namely infliximab and minocycline, for treatment of treatment
resistant depression and bipolar depression along with the relationship between
efficacy and inflammatory markers will hopefully shed more light on the association
between TNF-α system and depression (Raison et al., 2012, Savitz et al., 2012).
Notwithstanding its limitations, this study does suggest that anti-TNF-α infusion
in patients with CD reduces depressive symptoms, in part independently of disease
activity, and that the effect on depressive symptoms is not associated with immuneinduced changes in TRP availability to the brain, as estimated indirectly by serum
TRP/CAA ratio.
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Background
Electroconvulsive therapy (ECT) remains the most effective and fast-acting treatment
option for several psychiatric conditions, including treatment-resistant depression.
Although ECT has been in use for 75 years, the mechanism of action is unknown, although
there is emerging evidence that modulation of the hypothalamic-pituitary adrenal axis
may mediate, in part, the therapeutic action of ECT. A growing body of evidence points to
links between disturbances in the immune system and depression. However, the impact of
ECT on immune functioning and the possible role of alterations in the immune system as a
mechanism of action of ECT remain elusive.
Objectives
To provide a literature overview on the effects of ECT on the immune system.
Methods
Relevant articles and abstracts in English were retrieved from PubMed/Medline using
search terms related to ECT, inflammation and immune system. The results of studies
examining ECT-induced changes in immune functioning, and the degree to which these
represent possible mechanisms mediating the therapeutic action of ECT were summarized.
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Abstract

Results
Our search identified only a limited number of studies. The findings suggest that a
single session of ECT induces an acute, transient immune activation, whereas repetitive
ECT treatment results in long-term down-regulation of immune activation. However,
inconsistency in findings and methodological issues, including sample size and lack
of consideration of confounding factors impacting cytokine concentrations, preclude
definitive conclusion.
Conclusions
In order to elucidate the possible role of immunological changes mediating the effect of
ECT, more prospective controlled studies with larger sample sizes are required.
Keywords: ECT, Depression, Mechanism, Inflammation, Cytokine, Immunology
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Introduction
Electroconvulsive therapy (ECT) remains the most effective treatment option for
several psychiatric conditions, and is mainly used in treatment-resistant depression
(The UK ECT Review Group, 2003). The mechanism of action of ECT remains
unknown. A complex network of effects on different neurotransmitter, neurohormone
and neurotrophic systems may play a role (Sienaert and McCall, 2014, Lanzenberger,
2014, TBD, 2014, Boutros and Fink, 2014, Bolwig, 2014). Numerous studies show that
the release of hormones that are associated with the hypothalamic-pituitary-adrenal
(HPA) axis, e.g. prolactin, adrenocorticotropin, arginine vasopressin, growth hormone
and neuropeptide Y are altered by ECT (Bolwig, 2011, TBD, 2014). The HPA-axis,
thus, is one of the most extensively studied pathways underlying ECT. Although the
findings of these studies are not always consistent, the majority reports normalization
of HPA-axis deregulation, as measured by the dexamethasone suppression test, after
successful ECT treatment, supporting the role of the HPA-axis in mediating the
therapeutic effects of ECT (Bolwig, 2011, Fink, 2005).
An intriguing factor that has received relatively little attention in the search for
the biological mechanism of ECT is the immune system. A growing body of evidence
shows that disturbances in certain aspects of the immune system are involved in
the pathogenesis of depression (Gibney and Drexhage, 2013, Raison et al., 2006).
In addition, antidepressants have immunomodulating properties, and, vice versa,
interventions that restore normal immune functioning can have antidepressant effects.
It is therefore plausible to consider a role of immune pathways in the mechanism of
action of ECT. In this review, we first provide a brief summary on the immune-related
pathways that are proposed to underlie the pathogenesis of depression, and discuss the
impact of ECT on the immune system in relation to its mechanism of action.
Depression and the immune system
About three decades ago, evidence accumulated that major depression was
accompanied by signs of mild immunosuppression, mainly in the form of lower
proliferative responses of lymphocytes and reduced activity of Natural Killer (NK)
cells (Zorrilla et al., 2001). However, when knowledge on regulation of immune
functioning increased, it became clear that depressed patients had increased levels
of inflammatory mediators and activated immune cells. In the early 1990s, Robert
Smith first coined the macrophage theory of depression, based on an extensive
synthesis of the available literature at the time, stating that a heightened activity of
the innate immune system was causally related to major depression (Smith, 1991).
Today, the notion that the pro-inflammatory state in depressed patients contributes
to etiology, pathogenesis and course of the disease is widely researched, on the
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basis of several lines of evidence: 1) large-scale epidemiological studies and metaanalyses have consistently found increased levels of pro-inflammatory mediators, in
particular C-Reactive Protein (CRP) (Wium-Andersen et al., 2013, Howren et al.,
2009), Interleukin-6 (IL-6) (Howren et al., 2009, Dowlati et al., 2010), IL-1 (Howren
et al., 2009) and Tumor Necrosis Factor-a (TNF-a) (Dowlati et al., 2010) in depressed
patients; 2) therapies using pro-inflammatory cytokines, i.e. Interferon-a (IFN-a) for
Hepatitis-C infection, evoke depressive symptoms and clinical depression in a sizeable
number of patients (Wichers et al., 2007, Kenis et al., 2011), 3) mood disorders have a
high rate of co-morbidity with somatic diseases associated with chronic inflammation,
e.g. diabetes mellitus, cardiovascular illness, and autoimmune diseases such as
Crohn’s disease and rheumatoid arthritis (Gibney and Drexhage, 2013). In addition,
prolonged psychological stress, a well-established risk factor for depression, has been
associated with a shift toward a pro-inflammatory state (Raison et al., 2006, Gibney
and Drexhage, 2013). There is also some evidence that polymorphisms in immune
genes are associated with major depression (Bufalino et al., 2013). To what degree
these genetic factors, possibly in interaction with adverse environmental exposures
such as chronic stress, represent true vulnerability for depression remains to be
determined.
Several mechanistic pathways of how peripheral inflammation impacts on
the neurobiological circuits of affect regulation have been described (Gibney
and Drexhage, 2013, Miller et al., 2009, Haroon et al., 2012). For example, proinflammatory cytokines increase the catabolism of tryptophan through the kynurenine
pathway, leading to decreased availability of tryptophan (the precursor for serotonin
synthesis) and to accumulation of neurotoxic metabolites, i.e. 3-hydroxykynurenine
and uinolinic acid, in the brain (Myint, 2012). In addition, pro-inflammatory cytokines
stimulate the HPA-axis and impair glucocorticoid receptor function, resulting in HPAaxis deregulation and prolonged increases in circulating stress hormones (Zunszain
et al., 2011), further contributing to a neurotoxic environment in the central nervous
system. This neurotoxic challenge disturbs neurotransmitter homeostasis, neuronal
growth factor synthesis and finally perturbs the normal functioning of the neuronal
circuits of the limbic system (Miller et al., 2013).
If inflammatory processes indeed are causally related to major depression, it is
tempting to speculate that antidepressants have anti-inflammatory properties or that
successful alleviation of symptoms during therapy would be associated with decreases
in immune activation. Immune-modulating effects of antidepressants have been
described (Kenis and Maes, 2002, De Berardis et al., 2010). Recent meta-analyses
indicated that treatment with antidepressants reduces the levels of pro-inflammatory
cytokines (Hannestad et al., 2011, Hiles et al., 2012) and CRP (Hiles et al., 2012). It
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remains inconclusive however whether these reductions are associated with clinical
improvement; it has been suggested that heterogeneity in findings may be due in
part to differential effects of various types of antidepressants on circulating cytokine
levels (Vogelzangs et al., 2012). Another factor impacting on heterogeneity may be
that patients displaying chronic inflammation represent a depression subgroup with
special clinical characteristics (Raison and Miller, 2013). For example, it has been
suggested that patients with increased inflammation markers respond more poorly
to antidepressants and have a more chronic course of the disease (Vogelzangs et al.,
2014, Cattaneo et al., 2013), which is in agreement with recent findings that antiinflammatory interventions alleviate depressive symptoms in this subset of patients
(Guloksuz et al., 2013, Raison et al., 2012).
Taken together, the findings indicate a possible role for chronic inflammation in
depression, which may influence the success of antidepressant therapy, including
ECT. We will therefore review studies that examined the effects of ECT on immune
functioning.
The impact of ECT on the immune system
The characteristics of clinical studies investigating the impact of ECT on immune
parameters are summarized in Table 1. These studies concentrated on both the acute
immunological effects after a single ECT session, and effects after repeated ECT
sessions (reaching sufficient clinical improvement to discontinue ECT) on different
immune parameters. The main immune parameters reported were measures of cellular
immune function (lymphocyte subpopulations and NK cell activity) and levels of
circulating cytokines.
Acute effects of electroconvulsive seizure
Several studies focusing on the acute effect of ECT on NK cell activity indicate
an increment in NK cell activity within minutes after ECT administration (Fischler
et al., 1992, Albrecht et al., 1985, Kronfol et al., 2002). IL-6 activity was increased
after a single session of ECT (Kronfol et al., 1990). Fluitman et al., likewise
demonstrated that a single session of ECT was associated with increased production
of IL-6, IL-10 and TNF-α by monocytes after lipopolysaccharide (LPS) stimulation,
and decreased production of IFN-γ by T cells after CD2/CD28 stimulation (Fluitman
et al., 2011). After the correction of the cytokine response by number of producing
cells, changes in IL-6 and IFN-γ still remained statistically significant (Fluitman et
al., 2011). Additionally, acute increase in the total number of leukocytes, monocytes,
granulocytes and NK cells, returning to baseline levels 30 minutes after the stimulus,
were also demonstrated in this study (Fluitman et al., 2011). After a single session
90
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12 MDD, 1 Dysthmia, 2 BD
(medicated)
Hestad et al.
8 MDD
2003(Hestad et al.,
(not receiving ECT)
2003)
15 healthy controls
(sex and age matched)
Arts et al. 2006(Arts et 12 MDD or BD
al., 2006)
(medicated)

13 MDD
(medication status not provided)

Kronfol et al.
2002(Kronfol et al.,
2002)

Plasma TNF-α by ELISA

NK cell activity

Serum NSE, S100B by RIA

Measurement time points

Before, and 1, 3 hours after
each ECT session

1 hour before, and 1 hour after
the 1st, 4th, last session, and 24
hours and 1 week after the last
session

Before 30, 10, 3 and 3, 10, 30,
60 minutes after each session

Before and, 6, 24, and 48
hours after the 1st to 3rd
session, and 24 hours after the
4th, 5th, 6th, and last session.

Before the 1st session, and 1
day after the last session

Before, and 15, 60 minutes
after each session

Before and 10 minutes after
single session

At week 3 and 6
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BL, 2 /week (4 to 8 sessions),
Serum S100B by ILMA
etomidate

RUL, 3 /week (4 to 18
sessions), sodium pentothal

RUL, methohexital

BL, 2 day intervals (3 to 12
sessions), propofol

8 MDD, 6 SP (all unmedicated
except 6 received occasional
lorazepam)

CSF (tau, NLF, S100B) by ELISA and CSF/serum
albumin ratio

PBMC analysis: CD2, CD3, CD4, CD8, CD14,
CD16, CD21, CD25, CD38, CD71, HLA-DR by
FACSTAR flow cytometer, NK cell activity

BL, 3 /week (3 to 16
sessions)
methohexital or etomidate or
propofol

Agelink et al.
2001(Agelink et al.,
2001)

10 MDD
(6 unmedicated, 4 medicated)

Fischler et
al.1992(Fischler et al.,
1992)

Plasma IL-6 activity

T-cell analysis in lymphocyte culture: T3, T4, T8,
T11, T4/8 by cytofluorograph

Immune Measures

not provided

RUL, 3 /week (6 sessions),
methohexital

8 patients with affective disorders

Kronfol et al.
1990(Kronfol et al.,
1990)

not provided

ECT procedure

Zachrisson et al.
7 MDD, 2 BD-II (8 medicated, 1
2000(Zachrisson et al.,
unmedicated)
2000)

12 MDD, 3 BD
(6 treated with only ECT
(unmedicated),
2 treated with only Li
7 treated with only TCA)

Study Population

Albrecht et al.
1985(Albrecht et al.,
1985)

Reference

Table 1. Characteristics of the clinical studies
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Plasma IL-1β, IL-1RA, IL-6 by ELISA

TNF-α, IL-6, IL-10, IFN-γ, IL-4 in stimulated
RUL (4), BL (2), RUL+BL (6), whole blood cultures by ELISA, NK cell activity,
2 /week
plasma cortisol by HPLC, ACTH by ECLI, number
methohexital
of leukocytes, granulocytes, NK cells, CD3+ cells,
B-cells by FACS Calibur flow cytometer
Serum NEG, Angiotensin, BDNF, BLC, BMP-4,
BMP-6, CK β 8-1, CNTF, EGF, Eotaxin, Eotaxin-2,
Eotaxin-3, FGF-6, FGF-7, Fit-3 Ligand, Fractalkine,
GCP-2, GDNF, GM-CSF, I-309, IGFBP-1, IGFBP-2,
IGFBP-4, IGF-1, IL-10, IL-13, IL-15, IL-16, IL-α,
RUL, 2 to 3 /week (12
IL-β, IL-1m, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7,
sessions), etomidate or
Leptin, LIGHT, MCP-1, MCP-2, MCP-3, MCP-4,
methohexital
M-CSF, MDC, MIG, MIP-10, MIP-3α, NAP-2,
NT-3, PARC, PDGF-BB, PN-γ, RANTES, SCF,
SDF-1, TA/RC, TGF-β1, TGF-β3, TNF-α, TNF-β
by cytokine membrane based antibody array; and
quantitative RT-PCR

BL, propofol or methohexital

6

Before, and 1 hour after the
1st, 6th, 12th session, and 24
hours after the12th session

Before, and 5, 15, 30 minutes
after the 1st, 5th, 11th session

Before, and 1, 3, 6, 24 hours
after single session

ACTH indicates adrenocorticotropic hormone; BD, bipolar disorder; BDNF, brain-derived neurotrophic factor; BL, bilateral electrode placement; BLC, B lymphocyte chemoattractant;
BMP, human bone morphogenetic protein; CD, cluster of differentiation; CK, chemokine; CNTF, ciliary neuronotrophic factor; CSF, cerebrospinal fluid; ECLI, electrochemiluminescence
immunoassay; ECT, electroconvulsive therapy; EGF, epidermal growth factor; ELISA, enzyme-linked immunosorbent assay; FGF, fibroblast growth factor; GCP, granulocyte chemotactic
peptide; GDNF, glial cell-derived neurotrophic factor; GM-CSF, granulocyte-macrophage colony stimulating factor; HLA, human leukocyte antigens; HPLC, high-performance liquid
chromatography; I-309, CC chemokine ligand 1; IFN, interferon; IGFBP, insulin-like growth factor binding protein; IGF, insulin-like growth factor; IL, interleukin; ILMA, immunoluminometric
assay; Li, lithium; LIGHT, lymphotoxins, inducible expression, competes with HSV glycoprotein D for HVEM, a receptor expressed on T-lymphocytes; MCP, monocyte chemoattractant
protein; M-CSF, macrophage colony stimulating factor; MDC, macrophage-derived chemoattractant; MDD, major depressive disorder; MIG, monokine induced by gamma-interferon; MIP,
macrophage inflammatory protein; NAP, neutrophil-activating protein-2; NK, natural killer; NFL, neurofilament; NSE, neuron specific enolase; NT, neurotrophic factor; PARC, pulmonary and
activation-regulated chemokine; PBMC, peripheral blood mononuclear cell; PDGF-BB, platelet-derived growth factor; PN, pneumocytes; RANTES, regulated upon activation normal T-cell
expressed, and presumably secreted; RIA, radioimmunoassay; RT-PCR, real-time quantitative reverse transcriptase polymerase chain reaction; RUL, right unilateral electrode placement; SCF,
sertoli cell factor; SDF, stromal cell-derived factor; SP, schizodepressive psychosis; TA/RC, thymus and activation regulated chemokine; TCA, tricyclic antidepressant; TGF, transforming
growth factor; TNF, tumor necrosis factor.

15 MDD
(medicated)

12 MDD
(unmedicated)

Fluitman et al.
2011(Fluitman et al.,
2011)

Rotter et al.
2013(Rotter et al.,
2013)

9 MDD
(medicated)
8 healthy controls

Lehtimaki et al.
2008(Lehtimaki et al.,
2008)

Table 1. Characteristics of the clinical studies
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Long-term effects of ECT
In addition to these studies investigating short-term effects of a single ECT
session on the immune system, several studies focused on long-term effects after
the end of the ECT treatment. In one of the earliest clinical trials, repetitive ECT
sessions reduced both phytohemagglutinin, and concanavalin-A induced lymphocyte
blastogenesis (Albrecht et al., 1985). Another study demonstrated that ECT resulted in
immune system activation evidenced by enhancement in the number of lymphocytes
expressing activation antigens (CD25 and CD38) after completion of treatment
(Fischler et al., 1992). While ECT increases NK cell activity acutely, repeated ECT
treatments did not show substantial changes in NK cell activity after completion of
the ECT treatment (Fischler et al., 1992, Fluitman et al., 2011, Kronfol et al., 2002).
Hestad et al. showed that depression-related increases in TNF-α concentrations before
administration of ECT decreased during the ECT treatment period and reached a
level comparable to that in healthy controls at the end of the study, whereas TNF-α
concentrations during the study period remained stable in patients who received only
drug treatment (Hestad et al., 2003). A recent study measuring an extensive array of
cytokines by cytokine membrane techniques showed a decrease in the signal intensities
of IL-5 and eotaxin-3, which are both pro-inflammatory cytokines involved in chronic
inflammatory diseases such as asthma, 24 hours after the completion of a 12-session
ECT treatment (Rotter et al., 2013). Although decreased eotaxin-2 and TNF-β were
also observed, these changes failed to reach statistical significance. Furthermore, in
the same study, reverse transcription polymerase chain reaction method revealed
an increase in TNF-β (Rotter et al., 2013). Fluitman et al. demonstrated that ECT
had an acute effect on immune parameters (TNF-α, IL-6, IL-10, IFN-γ, IL-4, and
total number of immune cells), whereas repeated ECT (11 sessions) did not have an
additive effect on these changes (Fluitman et al., 2011). Several studies show that
serum and CSF S100B concentrations are not influenced by ECT (Zachrisson et al.,
2000, Agelink et al., 2001, Arts et al., 2006). Higher baseline S100B concentration
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of ECT, plasma IL-1β and IL-6 concentrations increased over the following 3-hour
time point, returning to baseline concentrations in 24 hours (Lehtimaki et al., 2008).
Other studies have focused on markers of glial activity, i.e. S100B, in association
with ECT induced cognitive impairment. S100B, a calcium-binding protein expressed
by astrocytes and oligodendrocytes, has various functions in neuronal survival and
apoptosis, and may be elevated in cerebrospinal fluid (CSF) and serum of patients
with depression (Schroeter et al., 2013). ECT has been associated with an increase in
serum S100B concentrations 1- and 3-hours after the ECT session (Arts et al., 2006),
while another study found no change in S100B after ECT (Agelink et al., 2001).
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was associated with poorer working memory performance after ECT, but also with
less subjective cognitive impairment and less depression at follow-up (Arts et al.,
2006). The authors argued that the negative association between baseline S100B
concentrations and working memory performance further implicates possible frontal
lobe involvement in the cognitive effects of ECT. There is no alteration in S100B
expression after chronic electroconvulsive shock (ECS) administration in mice (Jinno
and Kosaka, 2008). Other animal studies have provided further evidence that repeated
ECS for 10 consecutive days in normal rats may down-regulate the immune system
with attenuation of nitric oxide synthesis by the peritoneal macrophages assessed 24
hours after the last session (Roman et al., 2008, Roman and Nalepa, 2005).
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Conclusions and future work
Taken together, only a limited number of studies have addressed functioning of
the immune system in relation to ECT for depression. These studies mainly focused
on peripheral markers of the immune system in humans, and their findings suggest
that ECT induces a transient immune activation immediately after a single ECT
session, whereas repeated ECT may down-regulate immune activation. However,
it is difficult to reach firm conclusions owing to inconsistencies in the scarce data
available on this topic. Moreover, the findings cannot be taken as evidence for a
role of immune-moderation in the mechanism of action of ECT in the treatment of
depression, since none of the studies provide evidence for criteria associated with
causality, with the possible exception of temporal order. Additionally, several
methodological issues should be considered when interpreting these findings.
First, the most common limitation of these human studies is the small sample size,
with risk of a type-II statistical error especially when measuring multiple immune
markers. Second, small sample size also limits further post-hoc analyses, and, more
importantly, hinders the consideration of potential confounding factors such as age,
sex, concomitant medication and body mass index (BMI), all of which may influence
immune markers (Haack et al., 1999). For example, with the exception of one study,
all of the human studies consisted of patients who were on psychotropic medications.
As explained before, nearly all psychotropic medications, especially antidepressants,
have an effect on immune markers and it has been argued that down-regulation of
an activated immune system in depression following treatment with psychotropics
may play a therapeutic role (Kenis and Maes, 2002). Therefore, distinguishing the
impact of ECT from that of psychotropics on immune markers is fundamental in order
to elucidate possible ECT-regulated immune pathways. Although it is impossible to
extract the net effect of ECT from the current studies, it is reasonable to speculate that
changes in immune parameters are likely due to the ECT, as the majority of patients
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were on stable medication for extensive periods. In this regard, it should be noted
that ECT is usually administered to patients that are refractory to antidepressants;
the group of patients particularly displaying chronic inflammation (Vogelzangs et al.,
2014, Cattaneo et al., 2013). Additionally, differentiating the immunological changes
in responders and non-responders may also be informative. Finally, some factors
inherent to the ECT procedure may also hamper a clear interpretation of the studies,
i.e. electrode placement, stimulus intensity and frequency and seizure duration (which
all may have different effects on the immune system), and the use of anesthetics,
which is known to influence immune markers, although recent evidence is scarce
(Wang et al., 2011, Mitchell et al., 1990).
While some of these limitations can and should be considered in the design of
future studies, such as sample size and confounding factors (age, sex, BMI), some
of them, e.g. concurrent medication use and anesthesia, are uite difficult or even
impossible to eliminate. Here, animal studies investigating the effects of ECS on the
immune system can be quite useful to understand the differential effects. To date,
however, the effects of ECS on immune functioning have only been studied in healthy
animals. Animal models of treatment resistant depression may provide a better basis
to understand the working mechanism of ECT, especially when they also display an
altered immune status.
The literature search revealed ECT-induced cognitive impairment in association
with possible immunological pathways, which have not been investigated thoroughly,
with the exception of S100B. Growing evidence suggests immune-mediated
pathological pathways underlie the cognitive impairment related to numerous
neuropsychiatric diseases such as Alzheimer’s disease. Furthermore, cytokines such
as IL-1β, IL-6 and TNF-α have been associated with cognitive decline and dementia
in both cross-sectional and prospective population studies (McAfoose and Baune,
2009). Given the transient effects of ECT on cognition, particularly memory, it would
be intriguing to investigate whether ECT-induced cognitive problems are related to
immune changes (McClintock, 2014).
In conclusion, substantial evidence implicates a role for a disturbed immune
system in depression. While the current data also indicate that ECT evokes differential
immune responses, inconsistencies in published studies and lack of replication prevent
us from making a solid statement on the role of the immune system in the mechanism
of action of ECT. In order to further elucidate this topic, more prospective studies
investigating a broad set of immune markers in large samples, achieving sufficient
statistical power allowing to control for confounders and to perform post-hoc analyses,
are required. Additionally, research should be carried out in order to elucidate the
association between immune dysregulation and ECT-induced cognitive impairment,
which may lead to a better understanding of the mechanism of action of ECT.

95

Acknowledgement
Sinan Guloksuz, Bart P.F. Rutten, and Jim van Os are supported by the European Community’s
Seventh Framework Programme under Grant agreement no. HEALTH-F2-2009-241909
(Project EU-GEI). The remaining authors have no conflicts of interest or financial disclosures

CHAPTER

6

to report.

96

References
literature. Int J Immunopathol Pharmacol, 23,
417-22.
DOWLATI, Y., HERRMANN, N.,
SWARDFAGER, W., LIU, H., SHAM, L.,
REIM, E. K. & LANCTOT, K. L. 2010. A
meta-analysis of cytokines in major depression.
Biol Psychiatry, 67, 446-57.

ALBRECHT, J., HELDERMAN, J. H.,
FINK, M. 2005. Should the dexamethasone
SCHLESSER, M. A. & RUSH, A. J. 1985. A
suppression test be resurrected? Acta Psychiatr
controlled study of cellular immune function in
Scand, 112, 245-9.
affective disorders before and during somatic
therapy. Psychiatry Res, 15, 185-93.
FISCHLER, B., BOCKEN, R., SCHNEIDER,
I., DE WAELE, M., THIELEMANS, K. &
ARTS, B., PETERS, M., PONDS, R., HONIG, A.,
DERDE, M. P. 1992. Immune changes induced
MENHEERE, P. & VAN OS, J. 2006. S100 and
by electroconvulsive therapy (ECT). Ann N Y
impact of ECT on depression and cognition. J
Acad Sci, 650, 326-30.
ECT, 22, 206-12.
BOLWIG, T. G. 2011. How does electroconvulsive FLUITMAN, S. B., HEIJNEN, C. J.,
DENYS, D. A., NOLEN, W. A., BALK,
therapy work? Theories on its mechanism. Can
F. J. & WESTENBERG, H. G. 2011.
J Psychiatry, 56, 13-8.
Electroconvulsive therapy has acute
BOLWIG, T. G. 2014. Imaging the brain during/
immunological and neuroendocrine effects
after ECT: a look inside the mechanism of
in patients with major depressive disorder. J
action. J ECT.
Affect Disord, 131, 388-92.
BOUTROS, N. & FINK, M. 2014. (Q)EEG
changes during ECT: clues for its mechanism
of action. J ECT.
BUFALINO, C., HEPGUL, N., AGUGLIA, E. &
PARIANTE, C. M. 2013. The role of immune
genes in the association between depression
and inflammation: a review of recent clinical
studies. Brain Behav Immun, 31, 31-47.

THE IMMUNE SYSTEM AND ELECTROCONVULSIVE THERAPY
FOR DEPRESSION

AGELINK, M. W., ANDRICH, J., POSTERT,
T., WURZINGER, U., ZEIT, T., KLOTZ, P.
& PRZUNTEK, H. 2001. Relation between
electroconvulsive therapy, cognitive side
effects, neuron specific enolase, and protein
S-100. J Neurol Neurosurg Psychiatry, 71,
394-6.

GIBNEY, S. M. & DREXHAGE, H. A. 2013.
Evidence for a dysregulated immune system
in the etiology of psychiatric disorders. J
Neuroimmune Pharmacol, 8, 900-20.

GULOKSUZ, S., WICHERS, M., KENIS, G.,
RUSSEL, M. G., WAUTERS, A., VERKERK,
R., ARTS, B. & VAN OS, J. 2013. Depressive
symptoms in Crohn’s disease: relationship with
immune activation and tryptophan availability.
CATTANEO, A., GENNARELLI, M., UHER, R.,
PLoS One, 8, e60435.
BREEN, G., FARMER, A., AITCHISON, K. J.,
CRAIG, I. W., ANACKER, C., ZUNSZTAIN, HAACK, M., HINZE-SELCH, D., FENZEL, T.,
P. A., MCGUFFIN, P. & PARIANTE, C. M.
KRAUS, T., KUHN, M., SCHULD, A. &
2013. Candidate genes expression profile
POLLMACHER, T. 1999. Plasma levels of
associated with antidepressants response in
cytokines and soluble cytokine receptors in
the GENDEP study: differentiating between
psychiatric patients upon hospital admission:
baseline ‘predictors’ and longitudinal ‘targets’.
effects of confounding factors and diagnosis.
Neuropsychopharmacology, 38, 377-85.
Journal of psychiatric research, 33, 407-18.
DE BERARDIS, D., CONTI, C. M., SERRONI,
N., MOSCHETTA, F. S., OLIVIERI, L.,
CARANO, A., SALERNO, R. M., CAVUTO,
M., FARINA, B., ALESSANDRINI,
M., JANIRI, L., POZZI, G. & DI
GIANNANTONIO, M. 2010. The effect of
newer serotonin-noradrenalin antidepressants
on cytokine production: a review of the current

HANNESTAD, J., DELLAGIOIA, N. & BLOCH,
M. 2011. The effect of antidepressant
medication treatment on serum levels of
inflammatory cytokines: a meta-analysis.
Neuropsychopharmacology, 36, 2452-9.
HAROON, E., RAISON, C. L. & MILLER, A.
H. 2012. Psychoneuroimmunology meets

97

neuropsychopharmacology: translational
implications of the impact of inflammation
on behavior. Neuropsychopharmacology, 37,
137-62.
HESTAD, K. A., TONSETH, S., STOEN, C. D.,
UELAND, T. & AUKRUST, P. 2003. Raised
plasma levels of tumor necrosis factor alpha in
patients with depression: normalization during
electroconvulsive therapy. J ECT, 19, 183-8.
HILES, S. A., BAKER, A. L., DE MALMANCHE,
T. & ATTIA, J. 2012. Interleukin-6, C-reactive
protein and interleukin-10 after antidepressant
treatment in people with depression: a metaanalysis. Psychol Med, 42, 2015-26.
HOWREN, M. B., LAMKIN, D. M. & SULS,
J. 2009. Associations of depression with
C-reactive protein, IL-1, and IL-6: a metaanalysis. Psychosom Med, 71, 171-86.

CHAPTER

6

JINNO, S. & KOSAKA, T. 2008. Reduction of
Iba1-expressing microglial process density in
the hippocampus following electroconvulsive
shock. Exp Neurol, 212, 440-7.
KENIS, G. & MAES, M. 2002. Effects of
antidepressants on the production of cytokines.
Int J Neuropsychopharmacol, 5, 401-12.

MCAFOOSE, J. & BAUNE, B. T. 2009. Evidence
for a cytokine model of cognitive function.
Neurosci Biobehav Rev, 33, 355-66.
MCCLINTOCK, S. M. 2014. Theories about
(transient) cognitive effects of ECT. J ECT.
MILLER, A. H., HAROON, E., RAISON, C. L.
& FELGER, J. C. 2013. Cytokine targets in
the brain: impact on neurotransmitters and
neurocircuits. Depress Anxiety, 30, 297-306.
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, 732-41.
MITCHELL, P., SMYTHE, G. & TORDA, T. 1990.
Effect of the anesthetic agent propofol on
hormonal responses to ECT. Biol Psychiatry,
28, 315-24.
MYINT, A. M. 2012. Kynurenines: from the
perspective of major psychiatric disorders.
FEBS J, 279, 1375-85.
RAISON, C. L., CAPURON, L. & MILLER, A. H.
2006. Cytokines sing the blues: inflammation
and the pathogenesis of depression. Trends
Immunol, 27, 24-31.

KENIS, G., PRICKAERTS, J., VAN OS, J.,
KOEK, G. H., ROBAEYS, G., STEINBUSCH,
RAISON, C. L. & MILLER, A. H. 2013. Do
H. W. & WICHERS, M. 2011. Depressive
cytokines really sing the blues? Cerebrum,
symptoms following interferon-alpha therapy:
2013, 10.
mediated by immune-induced reductions
in brain-derived neurotrophic factor? Int J
RAISON, C. L., RUTHERFORD, R. E.,
Neuropsychopharmacol, 14, 247-53.
WOOLWINE, B. J., SHUO, C., SCHETTLER,
P., DRAKE, D. F., HAROON, E. & MILLER,
KRONFOL, Z., LEMAY, L., MADHAVAN, N. &
A. H. 2012. A Randomized Controlled Trial
KLUGER, M. 1990. Electroconvulsive therapy
of the Tumor Necrosis Factor Antagonist
increases plasma levels of interleukin-6. . Ann.
Infliximab for Treatment-Resistant Depression:
NY Acad. Sci., 594, 463–465.
The Role of Baseline Inflammatory
KRONFOL, Z., NAIR, M. P., WEINBERG, V.,
Biomarkers. Archives of general psychiatry,
YOUNG, E. A. & AZIZ, M. 2002. Acute
1-11.
effects of electroconvulsive therapy on
ROMAN, A. & NALEPA, I. 2005. Effect of
lymphocyte natural killer cell activity in
repeated administration of paroxetine and
patients with major depression. J Affect Disord,
electroconvulsive shock on the proliferative
71, 211-5.
response of lymphocytes and the synthesis of
LANZENBERGER, R. 2014. Neurotransmitters
nitric oxide by macrophages in rats. J ECT, 21,
and ECT. J ECT.
111-7.
LEHTIMAKI, K., KERANEN, T., HUUHKA,
M., PALMIO, J., HURME, M., LEINONEN,
E. & PELTOLA, J. 2008. Increase in
plasma proinflammatory cytokines after

98

electroconvulsive therapy in patients with
depressive disorder. J ECT, 24, 88-91.

ROMAN, A., NAWRAT, D. & NALEPA, I. 2008.
Chronic treatment with electroconvulsive
shock may modulate the immune function of
macrophages. J ECT, 24, 260-7.

SCHROETER, M. L., SACHER, J., STEINER,
J., SCHOENKNECHT, P. & MUELLER,
K. 2013. Serum S100B represents a new
biomarker for mood disorders. Curr Drug
Targets, 14, 1237-48.
SIENAERT, P. & MCCALL, M. 2014. Theories
on ECT’s mechanism of action: an overview.
J ECT.
SMITH, R. S. 1991. The macrophage theory of
depression. Med Hypotheses, 35, 298-306.
TBD 2014. Neuroendocrine hypotheses, including
pituitary-adrenal axis. J ECT.
THE UK ECT REVIEW GROUP 2003. Efficacy
and safety of electroconvulsive therapy in
depressive disorders: a systematic review and
meta-analysis. Lancet, 361, 799-808.

WANG, N., WANG, X. H., LU, J. & ZHANG,
J. Y. 2011. The effect of repeated etomidate
anesthesia on adrenocortical function during
a course of electroconvulsive therapy. J ECT,
27, 281-5.
WICHERS, M. C., KENIS, G., KOEK, G. H.,
ROBAEYS, G., NICOLSON, N. A. &
MAES, M. 2007. Interferon-alpha-induced
depressive symptoms are related to changes
in the cytokine network but not to cortisol. J
Psychosom Res, 62, 207-14.
WIUM-ANDERSEN, M. K., ORSTED, D. D.,
NIELSEN, S. F. & NORDESTGAARD, B.
G. 2013. Elevated C-reactive protein levels,
psychological distress, and depression in 73,
131 individuals. JAMA Psychiatry, 70, 176-84.
ZACHRISSON, O. C., BALLDIN, J., EKMAN, R.,
NAESH, O., ROSENGREN, L., AGREN, H.
& BLENNOW, K. 2000. No evident neuronal
damage after electroconvulsive therapy.
Psychiatry Res, 96, 157-65.
ZORRILLA, E. P., LUBORSKY, L., MCKAY, J.
R., ROSENTHAL, R., HOULDIN, A., TAX,
A., MCCORKLE, R., SELIGMAN, D. A.
& SCHMIDT, K. 2001. The relationship of
depression and stressors to immunological
assays: a meta-analytic review. Brain Behav
Immun, 15, 199-226.

VOGELZANGS, N., BEEKMAN, A. T., VAN
REEDT DORTLAND, A. K., SCHOEVERS,
R. A., GILTAY, E. J., DE JONGE, P. &
PENNIN , B. W. 2014. Inflammatory and
Metabolic Dysregulation and the 2-Year Course
ZUNSZAIN, P. A., ANACKER, C., CATTANEO,
of Depressive Disorders in Antidepressant
A., CARVALHO, L. A. & PARIANTE, C.
Users. Neuropsychopharmacology.
M. 2011. Glucocorticoids, cytokines and
brain abnormalities in depression. Prog
VOGELZANGS, N., DUIVIS, H. E., BEEKMAN,
Neuropsychopharmacol Biol Psychiatry, 35,
A. T., KLUFT, C., NEUTEBOOM, J.,
722-9.
HOOGENDIJK, W., SMIT, J. H., DE JONGE,
P. & PENNINX, B. W. 2012. Association of
depressive disorders, depression characteristics
and antidepressant medication with
inflammation. Transl Psychiatry, 2, e79.

THE IMMUNE SYSTEM AND ELECTROCONVULSIVE THERAPY
FOR DEPRESSION

ROTTER, A., BIERMANN, T., STARK,
C., DECKER, A., DEMLING, J.,
ZIMMERMANN, R., SPERLING, W.,
KORNHUBER, J. & HENKEL, A. 2013.
Changes of cytokine profiles during
electroconvulsive therapy in patients with
major depression. J ECT, 29, 162-9.

99

CHAPTER

The impact of electroconvulsive
therapy on the tryptophan-kynurenine
metabolic pathway
Sinan Guloksuz, Baer Arts, Sharon Walter, Marjan Drukker, Laura
Rodriguez, Aye-Mu Myint, Markus J. Schwarz, Rudolf Ponds, Jim van Os,
Gunter Kenis, Bart P.F. Rutten
Brain, Behavior, and Immunity (2015): doi: 10.1016/j.bbi.2015.02.029.

7

Background
There is still limited knowledge about the mechanism of action of electroconvulsive
therapy (ECT) in the treatment of depression. Substantial evidence suggests a role for
the immune-moderated tryptophan (TRP)-kynurenine (KYN) pathway in depression; i.e. a
depression-associated disturbance in the balance between the TRP-KYN metabolites towards
a neurotoxic process. We, therefore, aimed to investigate the impact of ECT treatment on the
TRP-KYN pathway, in association with ECT-related alterations in depressive symptoms.
Method
Twenty-three patients with unipolar or bipolar depression, treated with bilateral
ECT twice a week were recruited. Blood serum samples, and depression scores using the
Hamilton Depression Rating Scale-17 items (HDRS) as well as the Beck Depression Inventory
(BDI) were collected repeatedly during the period of ECT and until 6 weeks after the last
ECT session. TRP and KYN metabolites were analyzed in serum using the High Performance
Liquid Chromatography. Four patients could not complete the study; thereby yielding data
of 19 patients. Analyses were performed using multilevel linear regression analysis.
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Abstract

Results
There was an increase in kynurenic acid (KYNA) (B=0.04, p=0.001), KYN/TRP ratio (B=0.14,
p=0.001), KYNA/KYN ratio (B=0.07, p<0.0001), and KYNA/3-hydroxykynurenine ratio (B=0.01,
p=0.008) over time during the study period. KYN (B=-0.02, p=0.003) and KYN/TRP (B=-0.19,
p=0.003) were negatively associated with total HDRS over time. Baseline TRP metabolite
concentrations did not predict time to ECT response.
Conclusion
Our findings show that ECT influences the TRP-KYN pathway, with a shift in TRP-KYN
metabolites balance towards molecules with neuroprotective properties correlating with
antidepressant effects of ECT; thereby providing a first line of evidence that the mechanism
of action of ECT is (co)mediated by the TRP-KYN pathway.
Keywords: ECT, depression, tryptophan, kynurenine, kynurenic acid, immune,
indoleamine 2,3-dioxygenase, kynurenine amino transferases, neuroprotection
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Evidence is scarce about the mechanism of action of ECT (Sienaert, 2014), which
appears to comprise a complex network of effects on neurotransmitters (Baldinger
et al., 2014), neurohormones (Haskett, 2014), and epigenetic changes (de Jong et al.,
2014). Current evidence suggests differential effects on molecular mediators of the
immune system by single versus repetitive sessions of ECT (Guloksuz et al., 2014);
single sessions of ECT have been associated with upregulation or activation of the
immune system (Lehtimaki et al., 2008, Fluitman et al., 2011), whereas repeated
ECT sessions appear to lead to downregulation or suppression of the immune system
(Rotter et al., 2013, Hestad et al., 2003).
The disturbed functioning of tryptophan (TRP) metabolic pathway has been
proposed as one of the crucial links between the aberrant immune functioning and
the neurotransmitter deregulation involved in depression (Myint and Kim, 2003,
Myint et al., 2012, Dantzer et al., 2011). In physiological conditions, nearly 90%
of TRP is catabolized into kynurenine (KYN) by tryptophan dioxygenase, while the
activity of indoleamine 2,3-dioxygenase (IDO) is negligible. However, in cases of
interferon (IFN)-γ and tumor necrosis factor (TNF)-α upregulation (such as is seen
in inflammatory states, or with IFN-α treatment), the activity of IDO is induced,
which in turn increases TRP turnover, and KYN accumulation (Krause et al., 2012)
(Wichers et al., 2005, Raison et al., 2010). Moreover, and maybe more hazardously, it
has been shown that immune activation, which induces both IDO and kynurenine-3monooxygenase (KMO), can increase the production of several neurotoxic metabolites
such as 3-hydroxykynurenine (3-HK) and quinolinic acid (QA) in microglia (see Supp
Fig. S1 for a schematic illustration). 3-HK increases reactive oxygen species (ROS),
lipid peroxidation; and QA is a N-methyl-D-aspartate (NMDA) receptor agonist.
Another metabolite of KYN, kynurenic acid (KYNA), is produced in astrocytes and
is considered to display neuroprotective properties through its antagonistic effect on
NMDA receptors (Dantzer et al., 2011, Krause et al., 2012). Depression has previously
been related to increased TRP turnover (increased KYN/TRP) as well as an imbalance
in the ratio between KYNA and KYN such that the ratio was shifted toward increased
circulating neurotoxic metabolites in the KYN pathway (Myint et al., 2007, Myint et
al., 2013). In vitro studies have furthermore indicated that deregulations in the KYN
pathway in astroglial cultures can be partially normalized by antidepressants (Myint,
2012, Kocki et al., 2012).
Given this suggestive evidence for a role of the TRP-KYN metabolic pathway in
depression, we aimed to investigate whether ECT influences the TRP-KYN metabolic
pathway in this longitudinal study, whether changes in TRP-KYN metabolites may
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Fig. S1. Tryptophan-Kynurenine metabolic pathway
NMDA-R = N-methyl-D-aspartate receptor. The important effects of the metabolites relating
to central nervous system functioning were given in brackets.

relate to depression scores, and whether levels of TRP-KYN metabolites may predict
response to ECT.

Methods
Twenty-three patients diagnosed with unipolar or bipolar depression according to
DSM-IV were recruited from the Maastricht University Medical Centre. All patients
were ‘treatment- resistant’; in accordance with routine clinical guideline defined as
the failure to produce significant clinical improvement (i.e. persistence of significant
depressive symptoms) after at least two trials with antidepressants from different
pharmacologic classes (adequate in dose, duration, and compliance). The study was
approved by the Medical Ethics Committee, and carried out in accordance with the
Declaration of Helsinki. Written informed consent was obtained from each patient
prior to participation. Exclusion criteria were: age < 18 and > 65 years, illiteracy, major
medical or psychiatric conditions that may interfere with the study procedures: cancer,
cerebrovascular disorders, organic psychiatric syndromes, active drug abuse, mental
retardation, dementia, neurodegenerative disorders, presence of an inflammatory
condition, and regular use of immune-modulating medications (e.g. corticosteroid,
non-steroid anti-inflammatory drugs). Two patients decided to leave the study on their
105

Table S1. Medication used during the study
n
AD monotherapy

2*

AD combination therapy

3

AP monotherapy

1

AD and AP combination therapy

7

AD and MS combination therapy

3

AP and MS combination therapy

1

AD, AP, and MS combination therapy

2

Both patients were treated with a tricyclic antidepressant.
AD: Antidepressant, AP: Antipsychotic, MS: Mood stabilizer.
Note: the dose of the medications was not altered during the study period
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own accord after the initial evaluation and 2 patients were excluded from the study
due to (cardiovascular) side effects at first ECT session. Therefore, the final sample
consisted 19 patients (12 major depression, and 7 bipolar depression). Only 3 patients
had received ECT treatment previously.
Bilateral ECT with bifrontotemporal electrode placement was administered using
Thymatron IV (brief pulse stimulation (0.5 milliseconds) and fixed dose at start of 350
mC). ECT was administered twice a week, on Monday and Friday, with a mean of 6.1
sessions (range 3-11 sessions). Mean duration of EEG seizure time was 52 seconds
(range, 10 – 200 seconds); the average charge applied was 462 mC (range, 150 –
900 mC). Etomidate (0.1-0.2 mg/kg) was used for anaesthesia, and succinylcholine
(0.5-1.0 mg/kg) for muscle relaxation. Medications used by patients, including
antidepressants, were continued during ECT, with the exception of benzodiazepines
(which, according to routine medical care, was stopped before the start of ECT)
(Supplementary Table S1).
The Hamilton Depression Rating Scale-17 items (HDRS) and the Beck Depression
Inventory (BDI) were administered before the first ECT session (baseline), and each
week during the ECT treatment period. Clinical assessments were administered on
days without ECT sessions to avoid possible confounding of acute and transient
impact of ECT (including the effects of anesthesia) on cognition. Blood samples
were collected after overnight fasting before the first ECT session (i.e. baseline) and
subsequently once a week before the ECT session (i.e. every other ECT session)
during the treatment period. The treating psychiatrist made the decision to stop ECT
treatment when no clinical improvement was observed, or when complete remission
was obtained. Thus, this resulted in a different number of treatments in each subject.
After the ECT period, the clinical assessments and blood samplings were repeated
every other week up to 6 weeks.
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Determination of tryptophan-kynurenine metabolic pathway metabolites
Serum was separated immediately and stored at -80 C. High performance liquid
chromatography (HPLC) was used to measure serum levels of TRP, KYN, KYNA,
3-HK, 3-Hydroxyanthranilic acid (3-HAA) and 5-Hydroxyindoleacetic acid (5HIAA). The measurement was performed according to the method of Hervé et al.
(Herve et al., 1996) with some modifications. The recently published method using
HPLC (Oades et al., 2010a, Oades et al., 2010b) was used to measure 3-HK.
KYN was detected spectrophotometrically at 365 nm. KYNA was detected
fluorimetrically at an excitation wavelength of 334 nm and an emission wavelength
of 388 nm. KYNA was analyzed in serum that was deproteinized using perchloric
acid. 3-HK was measured at a wavelength of 365 nm by UV detection. All analyses
were conducted using HPLC with a reverse phase c-18 column. The 3-HK analysis
method has been validated showing an absolute recovery of 85.8%, intra-day
precision of 3.9%, and inter-day precision of 7.5%; time series demonstrated
perfect stability of the analyte 3-HK during our extraction and analysis steps. The
intra and inter-assay coefficients of variation ranged from 5% to 7% for all of the
metabolites.
The ratio between serum KYN and TRP concentrations was used to estimate
TRP degradation (Myint et al., 2007). The ratio between serum KYNA and KYN
concentrations was used to determine how much KYN was catabolised into KYNA
(Myint et al., 2007). The ratio between serum KYNA and 3-HK concentrations
was used to determine the balance between the two arms (“neuroprotective” versus
“neurotoxic”) of the KYN pathway (Oades et al., 2010b, Oades et al., 2010a). The
ratio between 5HIAA and KYN ratio (5HIAA/KYN) was also calculated to indicate
the balance between TRP breakdown into KYN and synthesis of TRP into serotonin
in the form of its stable metabolite, 5HIAA.
Statistical analysis
The data were analyzed using STATA version 12.0 (StataCorp, 2011). For the
longitudinal analyses, multilevel linear regression analysis was applied using the
XTREG command. This multilevel model takes into account that level-1 units
(individual observations) are clustered into level-2 units (subjects). Effect sizes of
explanatory variables were expressed as regression coefficients (B), which can be
interpreted identically to the estimate in the unilevel linear regression analyses. To
examine the effect of time in days on total HDRS, total BDI and TRP metabolite
concentrations and ratios (TRP, KYN, KYNA, 3-HK, 3-HAA, 5-HIAA, KYN/TRP,
KYNA/KYN, KYNA/3-HK, 5-HIAA/ KYN), cubic, quadratic and linear regression
models were fitted based on a top-down model selection procedure: if the cubic time
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effect was not statistically significant at p < 0.05, it was removed, and we stepped
down to the quadratic model and so on. TRP metabolite concentrations and ratios were
also regressed on total clinical depression scores (HDRS and BDI). To assess baseline
TRP metabolite concentrations and ratios as predictors for time to ECT response
(50% reduction in the HDRS total score), survival analyses with the Cox proportional
hazards model were performed. All analyses were corrected for a-priori hypothesized
confounders, age and sex. Two-sided statistical significance was set at p<0.05. Given
the number of statistical tests involved (n = 10), each hypothesis was corrected using
the Simes’ modification of the Bonferroni procedure for multiple testing to determine
statistical significance (Simes, 1986).

Results
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Of 19 patients, 6 were male and 13 female, and the mean age was 52.6 (SD = 14.4)
years (range = 23 -74). The mean baseline clinical depression scores were 23.4 on the
HDRS (SD = 6.4) and 32.8 (SD = 11.1) on the BDI, respectively.
Longitudinal change in depression scores
The change in depression scores over time was best modeled by cubic regression
model (Fig. 1). Initially, there was a steep reduction in depression scores, followed by
a slight increment (for BDI: Blinear = -1.13, p < 0.001; Bsquare = 0.02, p < 0.001; Bcubic =
-0.0001, p < 0.001; for HDRS: Blinear = -0.78, p < 0.001; Bsquare = 0.02, p < 0.001; Bcubic
= -0.0001, p < 0.001).
Longitudinal change in TRP metabolites
The serum concentrations of KYNA (B = 0.04, p = 0.001), KYN/TRP (B = 0.14, p
= 0.001), KYNA/KYN (B = 0.07, p < 0.001), and KYNA/3-HK (B = 0.01, p = 0.008)
increased significantly over time, also after correction for multiple testing (Fig. 1). In
these models, cubic as well as quadratic terms were removed from the models topdown (p > 0.05) (Supplementary Table S2).
Association between TRP metabolites and depression scores
Total HDRS scores were negatively associated with KYN (B = -0.02, p = 0.003),
and KYN/TRP (B = -0.19, p = 0.003), a pattern that was also observed with the selfreported BDI scores (data not shown). Table 1 provides the overview for the results
on the association between TRP metabolites and the HDRS scores.
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Fig. 1. Change in depression scores and kynurenic acid across the study period.
Graphs were truncated to save space.
Hamilton Depression Rating Scale-17 items; BDI, Beck Depression Inventory; KYNA,
Kynurenic acid (ng/ml); 3-HK, 3-Hydroxykynurenine (ng/ml)

Table S2. Results on longitudinal changes of TRP metabolites
B

S.E

95%CI

p

TRP

-.003

0.005

-0.01; 0.005

0.448

KYN

0.92

0.49

-0.04; 1.88

0.061

KYNA

0.04

0.01

0.02; 0.07

0.001a

3-HK

0.02

0.01

-0.008; 0.04

0.161

3-HAA

-0.08

0.08

-0.24; 0.07

0.294

5-HIAA

0.03

0.01

-0.0003; 0.06

0.052

KYN/TRP

0.14

0.04

0.06; 0.23

0.001a

KYNA/KYN

0.07

0.02

0.03; 0.10

<0.001a

KYNA/3-HK

0.01

0.002

0.001; 0.01

0.008a

5-HIAA/ KYN

0.00004

0.00003

-0.00002; 0.0001

0.160

a
Significant after Simes correction.
TRP, Tryptophan; KYN, Kynurenine; KYNA, Kynurenic acid; 3-HK, 3-Hydroxykynurenine; 3-HAA,
3-Hydroxyanthranilic acid; 5-HIAA, 5-Hydroxyindoleacetic acid
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Table 1. Association between HDRS scores and TRP metabolites
B

S.E

95%CI

p

TRP

-0.35

0.76

-1.84; 1.15

0.649

KYN

-0.02

0.01

-0.03; -0.01

0.003a

KYNA

-0.41

0.22

-0.85; 0.03

0.066

3-HK

-0.46

0.22

-0.89; -0.04

0.034

3-HAA

-0.02

0.04

-0.10; 0.05

0.560

5-HIAA

-0.16

0.20

-0.56; 0.23

0.426

KYN/TRP

-0.19

0.07

-0.32; -0.07

0.003a

KYNA/KYN

-0.05

0.17

-0.39; 0.28

0.768

KYNA/3-HK

-1.50

1.51

-4.46; 1.46

0.322

5-HIAA/ KYN

73.33

104.47

-131.42; 278.09

0.483

a
Significant after Simes correction.
HDRS, Hamilton Depression Rating Scale-17 items; TRP, Tryptophan; KYN, Kynurenine; KYNA, Kynurenic acid;
3-HK, 3-Hydroxykynurenine; 3-HAA, 3-Hydroxyanthranilic acid; 5-HIAA, 5-Hydroxyindoleacetic acid
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Baseline TRP metabolites as predictors for time to treatment response
We observed no statistically significant association between time to ECT response
and any of the TRP metabolites levels at baseline (Supplementary Table S3).

Table S3. Baseline TRP metabolites as predictors for time to treatment response
Baseline Concentrations and Ratios

ECT Response* Time Predictor

Mean

SD

HR

p

TRP (μg/ml)

8.34

1.23

1.57

0.090

KYN (ng/ml)

535.44

150.74

1.00

0.674

KYNA (ng/ml)

9.35

3.30

1.03

0.785

3-HK (ng/ml)

8.57

3.59

0.86

0.158

3-HAA (ng/ml)

54.57

19.90

1.00

0.968

5-HIAA (ng/ml)

12.09

3.04

1.11

0.392

KYN/TRP

63.75

13.80

0.98

0.605

KYNA/KYN

17.18

3.31

1.01

0.885

KYNA/3-HK

1.23

0.58

2.43

0.073

5-HIAA/ KYN

0.02

0.01

65205.88

0.853

Response was defined as 50% reduction in the Hamilton Depression Rating Scale-17 items total score.
TRP, Tryptophan; KYN, Kynurenine; KYNA, Kynurenic acid; 3-HK, 3-Hydroxykynurenine; 3-HAA,
3-Hydroxyanthranilic acid; 5-HIAA, 5-Hydroxyindoleacetic acid

*
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To the best of our knowledge, this is the first study investigating longitudinal changes
in TRP metabolites in response to ECT. We found that KYNA, KYNA/3-HK, KYNA/
KYN, and KYN/TRP levels increased after ECT, that levels of KYN and KYN/
TRP were negatively associated with total HDRS scores, and that TRP metabolite
concentrations at baseline did not predict ECT response.
Previous research demonstrated no alteration in TRP concentrations after a single
or a course of repetitive ECT (Kirkegaard et al., 1978, Whalley et al., 1980, Mokhtar
et al., 1997), whereas Palmio et al. found an increase in TRP concentrations 2-24 hours
after a single ECT session (Palmio et al., 2005). Another study demonstrated that
lower TRP concentration and TRP availability increased after a course of repetitive
ECT particularly in ECT responders (Hoekstra et al., 2001). While the authors
suggested that their findings might be related to decreased catabolism of TRP in KYN
pathway (Hoekstra et al., 2001), no direct marker of the KYN metabolic pathway was
examined. We found that serum TRP concentrations remained stable over the course
of the ECT treatment, and did not predict response to ECT.
It is important to note that KYN degradation into putative neurotoxic metabolites
may play a more important role in cytokine-induced depression rather than decreased
TRP availability to the brain per se (Dantzer et al., 2011). Several studies demonstrated
circulating KYN/TRP concentrations were higher, whereas KYNA/KYN, KYNA, and
TRP/ large neutral amino acids (LNAA) were lower in medication-free depression
patients than in normal controls (Myint et al., 2013, Myint et al., 2007). The authors
interpreted these findings as an indicator of a shift in KYN metabolism toward the
QA pathway evidenced by increased TRP breakdown (lower TRP/LNAA and higher
KYN/TRP ratios), lower KYNA and KYNA/KYN in depression (Myint et al., 2007).
However, further solid conclusion could not be drawn, as QA and 3-HK concentrations
were not measured in that study.
Our findings are thus in line with these studies reporting that almost all KYN
metabolites remain stable after antidepressant treatment but KYN/TRP is increased
(Myint et al., 2007, Myint et al., 2013). In accordance, we demonstrate now that
KYN/TRP concentrations increase following ECT treatment. Given our findings
showing a negative association between KYN/TRP (estimating TRP degradation) and
total HDRS scores, KYN/TRP escalation might be interpreted as contradicting with
an expected reduction in TRP turnover in response to successful treatment. However,
accompanying invariant TRP concentrations over the course of the study suggests that
increased KYN/TRP ratio likely occurred through a reduction in further downstream
degradation of KYN –thereby leading to relatively increased KYN/TRP ratio– rather
than increased TRP degradation per se.

THE IMPACT OF ELECTROCONVULSIVE THERAPY ON THE TRYPTOPHANKYNURENINE METABOLIC PATHWAY
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In the present study, we showed an increase in KYNA, an NMDA antagonist
counterbalancing neurotoxic effects of QA. KYNA/3-HK, KYNA/KYN ratios increased
over time, thereby suggesting a shift of the balance toward the neuroprotective side
induced by ECT, also maintained in the post-ECT period. We can speculate that the
gradual alterations of the TRP-KYN pathway in the post-ECT period may be related
to molecular and cellular cascades induced by ECT and that, once initiated, continued
to normalize after cessation of ECT through prolonged effects on gradually occurring
normalization of the activation state or proliferation rate of immune-cells, which may
potentially be mediated by epigenetic regulation of gene transcription(de Jong et al.,
2014). Further, although the dose of antidepressants was not altered during the ECT,
the effect of antidepressant use on TRP-KYN pathway during and after ECT treatment
cannot be excluded. In accordance, Myint et al. found that KYNA/KYN ratio increased
after successful antidepressant treatment in patients with first-episode depression
(Myint et al., 2007). Moreover, a recent in vitro study using primary astroglial cultures
of rats revealed the possible role of KYN pathway in therapeutic effectiveness of
antidepressants evidenced by upregulated kynurenine aminotransferase (KAT)1 and
KAT2 and downregulated KMO genes expressions, along with a rise in KYNA/3-HK
in response to antidepressant exposure (Kocki et al., 2012).
Recent study showed that the detrimental effects of interleukin (IL)-1β on
neurogenesis might be related to the upregulated IDO, KMO and kynureninase
activity, and downregulated KAT(Zunszain et al., 2012). Furthermore, co-treatment
with KMO inhibitor, Ro 61-8048 partially reversed the deleterious effects of IL-1β
on neurogenesis (Zunszain et al., 2012). Given this growing body of evidence, it is
therefore plausible to argue that cytokine-induced activation of KYN pathway plays
an important role in immune-mediated mechanisms of depression through increased
production of neurotoxic metabolites such as QA and 3-HK. Although, the definitive
mechanism of action of ECT has still been unknown, animal studies and longitudinal
neuroimaging studies have suggested that ECT exerts neurotrophic properties, which
may (in addition to the neuronal cell types) be related to alterations in/of glial cells
(Abbott et al., 2014, Ongur and Heckers, 2004). Thus, the increased neuroprotective/
neurotoxic ratio in KYN pathway metabolites, as observed in our sample, might
be involved in mediating or moderating the neurotrophic effects of ECT. In this
regard, given KYN metabolism is shifted toward the neurotoxic arm in the presence
of immune activation, we can also speculate ECT might downregulate the immune
activation implicated in pathogenesis of depression. The results of studies examining
ECT-induced changes in immune functioning show repetitive ECT treatment may
lead to long-term down-regulation of immune activation in patients with depression,
albeit inconsistently (Guloksuz et al., 2014).

THE IMPACT OF ELECTROCONVULSIVE THERAPY ON THE TRYPTOPHANKYNURENINE METABOLIC PATHWAY

This study provides a critical perspective about the long-term effects of ECT on
the TRP-KYN metabolic pathway by using a repetitive data sampling that allowed
analyses of longitudinal changes. However, it should be noted that the sample size was
relatively small (particularly for prediction of treatment response), and our findings
suggesting a temporal association therefore warrant replication in larger samples that
include a control group of patients not receiving ECT. We furthermore cannot rule out
a potential confounding effect of medication on the TRP-KYN metabolites, although
such an effect is unlikely given that the dose of the antidepressant medication remained
stable over the ECT period in our study. Finally, the use of anesthetics and muscle
relaxants might also confound our findings; however, it was impossible to eliminate
these factors, as they were inherent to the ECT procedure.
Notwithstanding its limitations, this study highlights the impact of ECT on the
TRP-KYN pathway with a shift toward ‘neuroprotective’ side, which may play a role
in its mechanism of action.
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Obstetric complications (OC) increase the risk of mental disorders. Links between
schizophrenia candidate genes and hypoxia-response, including vascular factors have
been proposed. We investigated in a general population sample of 334 females in 180
twin pairs from the East-Flanders Prospective Twin Survey whether associations between
OC and expression of psychopathology were moderated by selected single nucleotide
polymorphisms (SNPs) in genes that were previously shown to be associated with hypoxiaresponse regulation and schizophrenia. 23 SNPs in AKT1, BDNF, CHRNA7, DTNBP1, GABRB2,
GRM3, NRG1, PLXNA2, RELN, RGS4, SNAP25, YWHAE were determined. Phenotyping was
performed using the Symptom Checklist-90-Revised (SCL-90), and neurocognitive tests for
episodic memory (EM), and information processing speed (IPS). Severe OC was defined using
the McNeil Sjöström Scale. Data were analyzed using multilevel linear regression analysis.
SNPs in AKT1 (rs1130233), BDNF (rs11030101), CHRNA7 (rs3087454), GABRB2 (rs1816072),
PLXNA2 (rs752016, rs841865, rs2478813), RELN (rs7341475), RGS4 (rs2661319), and YWHAE
(rs28365859) moderated the associations between OC and SCL-90 total scores. We also
found significant main genetic, and interactive effects on subscales of the SCL-90, but not
on EM or IPS. When SNPs per gene were analyzed together in one model per gene, only
the variants in AKT1 showed a statistically significant interaction with OC on SCL-90 total,
depression, and psychoticism scores. Our findings suggest that the interaction between
hypoxia-response genes and OC influences the expression of mental ill health in general,
and not just the expression of schizophrenia-specific psychopathological dimensions.

HYPOXIA-RESPONSE GENES MODERATE THE IMPACT OF PROSPECTIVELY
ASSESSED OBSTETRIC COMPLICATIONS ON PSYCHOPATHOLOGY
IN A GENERAL POPULATION FEMALE TWIN COHORT
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Introduction
Epidemiological data suggest that severe obstetric complications (OC) increase
the risk of mental disorders, and that such effects may be mediated by hypoxiaresponse(Mittal et al., 2008, Schmidt-Kastner et al., 2006). Earlier work has suggested
moderation of the impact of severe OC on schizophrenia risk by certain variants in
the schizophrenia candidate genes AKT1, BDNF, DTNBP1, GRM3 (Nicodemus et al.,
2008), and a recent systematic annotation of genes involved in hypoxia-response and
genes associated with schizophrenia has provided in silico evidence linking obstetric
complications, hypoxia-response and schizophrenia (Schmidt-Kastner et al., 2012).
Given evidence of extended phenotypes of subthreshold psychopathology that can
be detected throughout the population(van Os, 2013), it may be hypothesized that
obstetric complications impact on psychopathology in general (rather than specifically
schizophrenia) and that such associations between OC and psychopathology, as a geneenvironment interaction model, may also be studied in the general population(van Os
et al., 2010).
In the present study, we aimed to investigate whether prospectively collected
measures of OC are indeed associated with expression of mental ill health and whether
these associations are moderated by a set of genes a priori selected on the basis of
previous reports linking these genes with both hypoxia-response and schizophrenia
(Schmidt-Kastner et al., 2012) in a well characterized cohort of young adult female
twin pairs with increased risk for OC.

Materials and Methods
Study population
Data of the population based survey, the East Flanders Prospective Twin Survey
(EFPTS), which has prospectively recorded all multiple births in East Flanders
province since 1964, were used (Derom et al., 2013). One of the aims of the EFPTS
is to investigate the role of gene-environment interactions in the vulnerability for
psychiatric disorders, as described previously (Wigman et al., 2011). The original goal
of the sample used for the present analyses was to study the role of stress-sensitivity
in depression (Jacobs et al., 2006a). Only female twins were enrolled in the original
study based on early studies showing sex-specific differences in environmental
stressors associated with depression, and evidence for sex-specific genetic factors
for depression and stress-sensitivity as measured by the personality trait neuroticism
(Fanous et al., 2002).
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Clinical Assessment
The total score on the Symptom Checklist-90-Revised (SCL-90) was used for
symptomatic phenotyping (LR, 1977, Arrindel W, 1986), which contains 90 items,
scored on a 5-point severity scale, measuring 9 symptom dimensions named
“somatization,” “obsessive-compulsive,” “interpersonal sensitivity,” “depression,”
“anxiety,” “hostility”, “phobic anxiety,” “paranoid ideation,” and “psychoticism.”
Reliability and validity of the SCL-90-R were established previously (derogatis).
The time frame is the past 2 weeks. We also investigated the scores on the SCL-90
subscales on items related to psychoticism, paranoid ideation and depression in more
detailed analyses.
Neuropsychological assessment was directed to evaluate episodic memory (EM)
and information processing speed (IPS) for phenotyping of cognition. As described
previously (Simons et al., 2007), the EM factor was derived from the variables of the
Auditory Verbal Learning Task (AVLT) (Brand and Jolles, 1985, Lezak, 1995) and
the IPS factor was derived by using variables of the Stroop Color-Word Test (SCWT)
(Lezak, 1995), the Concept Shifting Test (CST)(Houx PJ et al., 1991), and the Letter
Digit Substitution Test (LDST)(Lezak, 1995).
The SCL-90 was assessed at each of the 5 evaluations, while the neuropsychological
assessment was only performed at baseline.

HYPOXIA-RESPONSE GENES MODERATE THE IMPACT OF PROSPECTIVELY
ASSESSED OBSTETRIC COMPLICATIONS ON PSYCHOPATHOLOGY
IN A GENERAL POPULATION FEMALE TWIN COHORT

Of the original EFPTS sample, prospective data of OC and genotyping were
available for 334 females in 180 twin pairs that comprised the current study
population. Zygosity was determined through sequential analysis based on sex, fetal
membranes, blood groups, and DNA fingerprints. All participants were Caucasian and
Belgian. Participants were evaluated with questionnaires for 5 times at approximately
3- to 4-monthly intervals over a period of 2.5 years. The study was approved by the
local Medical Ethics Committee, and carried out in accordance with the Declaration
of Helsinki. Written informed consent was obtained from each patient prior to
participation. The mean age of the population was 24.4 (SD = 5.2, min-max = 18-36)
years. Of the sample, 63.5% (n = 212) had a college or university degree, 36.5% (n
= 122) completed >3 years secondary education. Only 2% (n = 7) of the participants
were unemployed; 52% (n = 173) were employed and 46% (n = 153) were either
student or else.

Obstetric Complication
Using a subset of prospectively collected variables that were also used to generate
the McNeil Sjöström Scale (MSS) (McNeil et al., 1994), a dichotomous obstetric
complications (OC) variable was generated according to MSS severity scores. The
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MSS rates the severity of the several possible OCs from 1 = not harmful or relevant
to 6 = very great harm or deviation in offspring, and is considered as the most
sensitive scale to assess OC in schizophrenia (McNeil et al., 1994). We used MSS
score 5 to define severe OC in compliance with the previous study investigating
the interaction between OC and hypoxia-response genes. (Nicodemus et al., 2008)
Therefore, severe OC were defined as (1) birth-weight lower than 2 kilograms,
(2) birth-weight >20% lower than birth-weight of the sibling, (3) delivery mode
was version extraction, (4) face/forehead presentation of fetus during delivery, or
(5) umbilical cord complication. Twenty-three percent of the participants (n = 77)
suffered from severe OC at birth.
Gene Selection
Genes were a priori selected on the basis of our analyses linking these genes
with both hypoxia-response and schizophrenia(Schmidt-Kastner et al., 2012). A
total of 23 SNPs in AKT1, BDNF, CHRNA7, DTNBP1, GABRB2, GRM3, NRG1,
PLXNA2, RELN, RGS4, SNAP25, and YWHAE were analyzed (Table 1). The term
hypoxia-response genes was defined by including all previously used criteria for
annotation, including hypoxia-response, regulation by transcription factor hypoxiainducible factor 1 (HIF-1) and vascular expression or function(Schmidt-Kastner et
al., 2012).
DNA extraction and genotyping
A total of 23 SNPs located at 12 genes were determined. Table 1 presents the
list of genes, SNPs, and genotype frequencies. Genomic DNA was extracted from
placental tissue, whole blood or buccal cell samples as described previously (Jacobs
et al., 2006b) using QIAamp DNA Mini Kits (Qiagen, Venlo, the Netherlands)
according to the appropriate protocol for each sample type. SNPs were determined
with the Sequenom MassARRAY iPLEX platform at the facilities of the manufacturer
(Hamburg, Germany). None of the SNPs violated Hardy-Weinberg equilibrium.
Two SNPs in the BDNF gene (rs12273539 and rs57083135) were excluded from
the analyses due to very low minor allele frequencies. These SNPs had no variation
even after recoding them into one dummy (0,1) with combining the homogeneous
minor allele and heterogeneous subjects (Table 1) Thus, in total 21 SNPs were
analyzed.
Statistical analyses
Data were analyzed using the Stata 12.0.(StataCorp, 2011) Since data have a
hierarchical structure, multiple assessments (level 1) were clustered within subjects
(level 2), who were part of twin pairs (level 3), multilevel regression analyses were
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V-Akt murine thymoma viral
oncogene homolog 1

Brain-derived neurotrophic
factor

AKT1

BDNF

rs57083135

rs12273539

rs11030102

rs11030101

rs2049046

rs6265

rs3803300

rs1130233

Selected SNPs

Genotype
GG
AG
AA
Wald test
GG
AG
AA
Wald test
GG
AG
AA
Wald test
AA
AT
TT
Wald test
AA
AT
TT
Wald test
CC
CG
GG
Wald test
CC
CT
TT
Wald test
CC
CT
TT
Wald test
ref
0.04
0.07

81 (24.25)
177 (52.99)
76 (22.75)

329 (98.50)
5 (1.50)
0

332 (99.40)
2 (0.60)
0

193 (57.78)
120 (35.93)
21 (6.29)
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0.03
0.08

B

80 (23.95)
175 (52.40)
79 (23.65)

207 (62.35)
113 (34.04)
12 (3.61)

272 (81.44)
60 (17.96)
2 (0.60)

n (%)**
179 (53.59)
128 (38.32)
27 (8.08)

0.02; 0.07
0.03; 0.11
2(2) 16.66

0.002; 0.06
0.05; 0.12
2(2) 22.54

95%CI

NA

NA
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0.002
<0.001
0.0002*

0.034
<0.001
<0.0001*

NS

NS

NS

p

non-

NA

NA

NS

NS
0.515
<0.001
0.015
0.0002*

NS

NS

p
0.220
0.001
<0.001
<0.0001*

not analyzed; NS

-0.07; 0.03
0.03; 0.11
-0.15; -0.01
2(2) 17.43

95%CI
-0.02; 0.07
-0.11; -0.03
0.25; 0.50
2(2) 50.27

reference; NA

-0.02
0.07
-0.08

B
0.03
-0.07
0.38

SNPxOC interaction on SCL-90 (total)

HYPOXIA-RESPONSE GENES MODERATE THE IMPACT OF PROSPECTIVELY
ASSESSED OBSTETRIC COMPLICATIONS ON PSYCHOPATHOLOGY
IN A GENERAL POPULATION FEMALE TWIN COHORT

Results are reported if only p < 0.0026 (Bonferroni-corrected threshold of statistical significance) n number of subjects (percentage)
SNP single nucleotide polymorphism; OC severe obstetric complication; B regression coefficient; 95%CI 95% confidence interval; ref
significant; SCL-90 the Symptom Checklist-90-Revised uestionnaire

Gene name

Gene symbol

Main effects of SNPs on SCL-90 (total)

Table 1. Overview of the main effects of SNPs on SCL-90 total scores and the interactive effects between severe obstetric complication and
SNPs on SCL-90 total scores
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Dystrobrevin-binding protein 1

Gamma-aminobutyric acid
receptor, beta-2

Glutamate receptor,
metabotropic, 3

Neuregulin 1

CHRNA7

DTNBP1

GABRB2

GRM3

NRG1

rs10503929

rs7808623

rs6556547

rs1816072

rs3213207

rs875462

rs3087454

TT
GT
GG
Wald test
TT
CT
CC
Wald test
AA
AG
GG
Wald test
CC
CT
TT
Wald test
CC
AC
AA
Wald test
TT
GT
GG
Wald test
TT
CT
CC
ref
0.03
-0.06

176 (52.69)
131 (39.22)
27 (8.08)

ref
-0.06
-0.16

264 (79.04)
67 (20.06)
3 (0.90)
210 (62.87)
117 (35.03)
7 (2.10)

ref
-0.07
-0.08

288 (86.23)
43 (12.87)
3 (0.90)

51 (15.27)
154 (46.11)
129 (38.62)

259 (77.54)
68 (20.36)
7 (2.10)

ref
-0.05
-0.03

184 (55.26)
121 (36.34)
28 (8.41)

-0.08; -0.03
-0.21; -0.10
2(2) 39.31

-0.10; -0.03
-0.16; 0.001
2(2) 18.20

0.003; 0.06
-0.10; -0.01
2(2) 19.01

-0.08; -0.03
-0.07; 0.009
2(2) 18.96

<0.001
<0.001
<0.0001*

<0.001
0.053
0.0001*

NS

NS

0.032
0.009
0.0001*

<0.001
0.131
0.0001*

Results are reported if only p < 0.0026 (Bonferroni-corrected threshold of statistical significance) n number of subjects (percentage)
SNP single nucleotide polymorphism; OC severe obstetric complication; B regression coefficient; 95%CI 95% confidence interval; ref
significant; SCL-90 the Symptom Checklist-90-Revised uestionnaire

Cholinergic receptor, neuronal
nicotinic, alpha 7

non-

NS

NS

NS
<0.001
<0.001
0.190
<0.0001*

NS

0.882
<0.001
<0.001
<0.0001*

not analyzed; NS

0.09; 0.24
-0.09; -0.03
-0.02; 0.10
2(2) 27.69

-0.05; 0.04
0.05; 0.14
-0.22; -0.10
2(2) 40.76

reference; NA

0.16
-0.06
0.04

-0.004
0.10
-0.16

Table 1. Overview of the main effects of SNPs on SCL-90 total scores and the interactive effects between severe obstetric complication and
SNPs on SCL-90 total scores
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rs7341475

rs2661319

rs362584

rs28365859

Reelin

Regulator of G protein
signaling 4

Synaptosomal-associated
protein, 25 kDa

Tyrosine 3-monooxygenase/
tryptophan 5-monooxygenase
activating protein, epsilon

RELN

RGS4

SNAP25

YWHAE

ref
-0.03
0.20

231 (69.37)
89 (26.73)
13 (3.90)

35 (10.48)
150 (44.91)
149 (44.61)

32 (9.58)
122 (36.53)
180 (53.89)
ref
-0.04
-0.08

ref
-0.03
-0.09

230 (68.86)
87 (26.05)
17 (5.09)
91 (27.49)
143 (43.20)
97 (29.31)

ref
-0.07
0.24

269 (80.54)
58 (17.37)
7 (2.10)

294 (91.59)
25 (7.79)
2 (0.62)

ref
-0.03
0.28

243 (73.19)
79 (23.80)
10 (3.01)

-0.08; -0.01
-0.11; -0.04
2(2) 18.52

-0.06; -0.001
-0.14; -0.05
2(2) 20.93

-0.11; -0.04
0.14; 0.34
2(2) 42.51

-0.06; -0.01
0.11; 0.30
2(2) 28.86

-0.06; -0.0004
0.16; 0.40
2(2) 25.18

0.012
<0.001
0.0001*

NS

NS

0.044
<0.001
<0.0001*

<0.001
<0.001
<0.0001*

NS

0.009
<0.001
<0.0001*

0.047
<0.001
<0.0001*

NS

non-

NS
<0.001
0.002
0.083
<0.0001*

NS
0.001
<0.001
0.001
0.0009*
0.049
0.480
0.003
0.0008*
0.878
<0.001
<0.001
<0.0001*

NS
0.001
0.073
0.001
0.0020*
<0.001
<0.001
<0.001
<0.0001*

not analyzed; NS

0.07; 0.23
-0.09; -0.02
-0.008; 0.13
2(2) 22.54
reference; NA

0.15
-0.05
0.06

0.02; 0.09
-0.20; -0.07
0.02; 0.09
2(2) 26.58
0.04
0.00008; 0.07
0.02
-0.04; 0.08
-0.09
-0.15; -0.03
2(2) 14.11
-0.004
-0.05; 0.05
-0.09
-0.12; -0.05
0.22
0.15; 0.30
2(2) 48.92

0.05
-0.13
0.05

0.02; 0.08
-0.13; 0.006
0.02; 0.08
2(2) 9.54
0.08
0.04; 0.11
-0.10
-0.16; -0.05
-0.10
-0.16; -0.05
2(2) 32.61

0.05
-0.06
0.05

HYPOXIA-RESPONSE GENES MODERATE THE IMPACT OF PROSPECTIVELY
ASSESSED OBSTETRIC COMPLICATIONS ON PSYCHOPATHOLOGY
IN A GENERAL POPULATION FEMALE TWIN COHORT

Results are reported if only p < 0.0026 (Bonferroni-corrected threshold of statistical significance) n number of subjects (percentage)
SNP single nucleotide polymorphism; OC severe obstetric complication; B regression coefficient; 95%CI 95% confidence interval; ref
significant; SCL-90 the Symptom Checklist-90-Revised uestionnaire

rs2478813

rs1327175

Plexin A2

PLXNA2

rs841865

rs752016

Wald test
TT
CT
CC
Wald test
GG
AG
AA
Wald test
CC
CG
GG
Wald test
CC
CT
TT
Wald test
GG
AG
AA
Wald test
AA
AG
GG
Wald test
AA
AG
GG
Wald test
CC
GC
GG
Wald test

Table 1. Overview of the main effects of SNPs on SCL-90 total scores and the interactive effects between severe obstetric complication and
SNPs on SCL-90 total scores
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conducted. Multilevel linear regression (using the Stata XTMIXED command) is
ideally suited for the analysis of such structured data, yielding twins clustered in twin
pairs. Effect sizes of explanatory variables were expressed as regression coefficients
(B) or odds ratios (OR), and can be interpreted identically to unilevel regression
results.
First, main effects of SNPs (tested in separate models) and OC on SCL-90
measures, EM and IPS were analyzed. To check for gene-environment correlation,
association between OC and SNPs was examined. Subsequently, for each SNP the
interaction term OC*SNP was added to the model, where all SNPs were tested in
separate models. The SNP variables were recoded into dummies (0, 1, 2) when testing
for main effects and interaction. When any of the interaction terms was statistically
significant, the Stata LINCOM procedure was used to calculate regression coefficients
for all categories of the SNP.
Given the number of statistical tests involved, we applied Bonferroni corrections
for multiple testing to determine statistical significance. As most SNPs within one
gene were significantly correlated (e.g., indicating that the SNPs are not independently
inherited), and can therefore not be regarded as independent predictors in statistical
analyses, we estimated the number of effective tests by the methods of Li and Ji(Benros
et al., 2014) and Galway (Meyer, 2014), as being 19, thereby resulting into a critical
alpha level of 0.0026.
In addition, whole gene analysis was performed in order to capture the combined
effect of SNPs located in one gene. Whole gene analysis is a procedure in which only
the most extreme p-value of the SNPs per gene is extracted using permutation testing.
An additional advantage is that permutation methods are in principal distribution free.
In brief, when any of the SCL-90 measures was the dependent variable, each two
blocks (twin 1 and twin 2) of five assessments were permutated to a different twin
pair, while within the twin pair twin 1 and twin 2 were reshuffled. For each SNP of
the respective gene, the interaction between OC, as main independent variable, and
SNP was analyzed and the p-value of the most significant SNP was copied to an empty
database. This process of random permutation and analysis was performed 10000
times, resulting in a database with 10000 p-values representing the distribution of
p-values under the null-hypothesis(Laird and Lange, 2011). On the other hand, the
smallest p-value of all included SNPs of that particular gene was selected. As a final
step, the p-value of the analysis in the original data was compared to distribution of
p-values under the null-hypothesis (Laird and Lange, 2011). This was repeated for
all 12 genes. A similar procedure was followed when cognition was the outcome,
but twin pairs rather than two blocks of five assessments were permutated because
cognition was only available from one time point.

B

95%CI

p

SCL-90 (total)

0.02

-0.06; 0.09

0.67

SCL-90 (depression)

0.03

-0.07; 0.14

0.55

SCL-90 (psychoticism)

-0.01

-0.05; 0.04

0.79

SCL-90 (paranoid ideation)

-0.04

-0.14; 0.07

0.49

Episodic memory

0.05

-0.17; 0.28

0.64

Information processing speed

-0.02

-0.27; 0.24

0.87

B
regression coefficient; 95%CI
questionnaire

95% confidence interval; SCL-90

the Symptom Checklist-90-Revised

Results
Main Effects
We found no statistically significant main effect of OC on psychopathology
phenotypes (Table 2). There was no association between any of the SNPs and OC,
thereby ruling out gene-environment correlation (results not shown). After controlling
for multiple testing (with a conservative threshold of alpha=0.0026), we found main
genetic effects of BDNF (rs2049046, and rs11030101), CHRNA7 (rs3087454),
DTNBP1 (rs875462), GABRB2 (rs6556547), GRM3 (rs7808623), PLXNA2 (rs752016,
rs841865, and rs2478813), RELN (rs7341475), and YWHAE (rs28365859) genotypes
on SCL-90 total scores (Table 1), but did not identify statistically significant main
effects of SNPs on cognitive phenotypes (results not shown).

HYPOXIA-RESPONSE GENES MODERATE THE IMPACT OF PROSPECTIVELY
ASSESSED OBSTETRIC COMPLICATIONS ON PSYCHOPATHOLOGY
IN A GENERAL POPULATION FEMALE TWIN COHORT

Table 2. Main effects of severe obstetric complication on SCL-90 and cognitive phenotypes

Interaction effects
Interaction analyses revealed that, after correction for multiple testing, SNPs
in AKT1 (rs1130233), BDNF (rs11030101), CHRNA7 (rs3087454), GABRB2
(rs1816072), PLXNA2 (rs752016, rs841865, rs2478813), RELN (rs7341475), RGS4
(rs2661319), and YWHAE (rs28365859) moderated the associations between severe
OC and SCL-90 total scores (Fig 1). We found, after correction for multiple testing,
no significant gene-environment interactions on the cognitive phenotypes (results not
shown). Results for main genetic, and interactive effects on subscales of the SCL90 (psychoticism, paranoid ideation, and depression) are provided in Supplementary
Tables S1 and S2.
Whole gene interaction analysis
Whole gene permutation analyses revealed that, when SNPs per gene were
analyzed together in one model per gene, the variants in AKT1 but not in PLXNA2,
127

BDNF, DTNBP1, or GABRB2 showed a statistically significant interaction with
severe OC on SCL-90-total, SCL-90-depression, and SCL-90-psychoticism
(Table 3).
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Figure 1. Interactive effects between severe obstetric complication and SNPs on SCL-90
total scores.
Results are reported if only p < 0.0026 for (Bonferroni-corrected threshold of statistical
significance) interactive effect. Y-axis represents the B (unstandardized regression coefficient)
for obstetric complication at each genotype of the SNP.

Table 3. Whole gene permutation analyses: effects of the interaction between severe
obstetric complication and whole genes on SCL-90
SCL-90
(total)

SCL-90
SCL-90
SCL-90
Episodic
(depression) (psychoticism) (paranoid ideation) memory

Information
processing speed

AKT11

p=0.0151

p=0.0156

p=0.0176

p=0.2167

p=0.3885

p=0.5635

BDNF

3

p=0.7935

p=0.8181

p=0.6716

p=0.9035

p=0.2597

p=0.2343

DTNBP1

p=0.9211

p=0.6861

p=0.8193

p=0.6893

p=0.1897

p=0.2187

GABRB2

1

p=0.1473

p=0.3338

p=0.3338

p=0.1934

p=0.1856

p=0.8473

1

p=0.0831

p=0.1023

p=0.1424

p=0.2989

p=0.6874

p=0.5119

2

PLXNA2

rs3803300 (AKT1), rs6556547 (GABRB2), rs841865 (PLXNA2) rs2478813 (PLXNA2) rs1327175 (PLXNA2) rs752016
(PLXNA2) SNPs were recoded 2=1
2
rs12273539 (BDNF) was excluded
3
In one of 10000 analyses: convergence not achieved.
AKT1 includes rs1130233 and rs3803300
BDNF includes rs6265, rs2049046, rs11030101, rs11030102, rs57083135
DTNBP1 includes rs875462, rs3213207
GABRB2 includes rs1816072, rs6556547
PLXNA2 includes rs752016, rs841865, rs1327175, rs2478813
SCL-90 = the Symptom Checklist-90-Revised questionnaire
1
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AA
AT
TT
Test
CC
CG
GG
Test
TT
GT
GG
Test
TT
CT
CC
Test
AA
AG
GG

ref
-0.03
-0.04

ref
0.04
-0.02

ref
-0.03
-0.01

ref
0.02
0.06

ref
0.01
0.06
0.101
<0.001
0.0003*
<0.001
0.501
0.0003*

-0.003; 0.04
0.03; 0.09
2(2) 16.42
-0.05; -0.02
-0.05; 0.03
2(2) 16.16

<0.001
0.158
<0.0001*
0.003
0.030
0.0014*

0.02; 0.06
-0.05; 0.01
2(2) 27.02
-0.05; -0.01
-0.08; -0.004
2(2) 13.13

NS

0.169
<0.001
0.0001*

-0.01; 0.04
0.03; 0.09
2(2) 18.32

ref
0.09
-0.01

ref
-0.09
-0.08

ref
0.05
0.14

ref
0.05
0.15

B

0.05; 0.13
-0.08; 0.05
2(2) 24.99

-0.13; -0.04
-0.15; -0.008
2(2) 18.67

0.004; 0.10
0.08; 0.20
2(2) 23.27

0.001; 0.09
0.09; 0.21
2(2) 23.15

95%CI

NS

<0.001
0.646
<0.0001*

NS

<0.001
0.03
0.0001*

0.033
<0.001
<0.0001*

0.047
<0.001
<0.0001*

NS

p

SCL-90 (paranoid ideation)

ref
0.08
-0.08

ref
-0.07
-0.03

B

0.04; 0.12
-0.15; -0.002
2(2) 27.68

-0.11; -0.04
-0.09; 0.04
2(2) 16.59

95%CI

SCL-90 (depression)

NS

<0.001
0.045
<0.0001*

<0.001
0.405
0.0002*

NS

NS

NS

NS

p

259 (1182)
68 (306)
7 (33)

176 (803)
131 (587)
27 (131)

184 (838)
121 (547)
28 (131)

193 (871)
120 (554)
21 (96)

81 (363)
177 (817)
76 (341)

80 (358)
175 (811)
79 (352)

179 (827)
128 (570)
27 (124)

(assessments)**

n

HYPOXIA-RESPONSE GENES MODERATE THE IMPACT OF PROSPECTIVELY
ASSESSED OBSTETRIC COMPLICATIONS ON PSYCHOPATHOLOGY
IN A GENERAL POPULATION FEMALE TWIN COHORT

Table S1 summarizes the results of main effects of SNPs on SCL-90 scores. Results are reported if only p < 0.0026 (Bonferroni-corrected threshold of statistical significance) n number
of subjects (number of SCL-90 assessments)
ref reference; B regression coefficient; 95%CI 95% confidence interval; NS non-significant; SCL-90 the Symptom Checklist-90-Revised uestionnaire; SNP single nucleotide
polymorphism

DTNBP1
rs3213207

DTNBP1
rs875462

CHRNA7
rs3087454

BDNF
rs11030102

BDNF
rs11030101

BDNF
rs2049046

<0.001
0.107
0.0012*

ref
0.03
0.03

AKT1
rs1130233

p

0.01; 0.05
-0.01; 0.06
2(2) 13.41

95%CI

B

Selected SNPs

GG
AG
AA
Test
AA
AT
TT

SCL-90 (psychoticism)

Gene symbol

Table S1. Main effects of SNPs on SCL-90 subscales
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CC
AC
AA
Test
TT
GT
CC
Test
TT
CT
CC
Test
GG
AG
AA
Test
CC
CG
and
GG
Test
CC
CT
TT
Test
GG
AG
AA
Test
CC
CG
GG
Test

ref
-0.06
-0.09

ref
-0.03
-0.06

ref
-0.04
0.17

ref
0.01
0.10

ref
-0.01
0.17

ref
-0.04
-0.05

0.244
<0.001
0.0013*

-0.01; 0.03
0.05; 0.16
2(2) 13.26

0.004
<0.001
0.0001*
<0.001
<0.001
<0.0001*

-0.09; -0.03
-0.12; -0.06
2(2) 38.64

<0.001
<0.001
<0.0001*

-0.05; -0.01
-0.09; -0.03
2(2) 17.61

-0.06; -0.02
0.10; 0.23
2(2) 47.49

0.117
<0.001
<0.0001*

-0.03; 0.004
0.10; 0.23
2(2) 28.90

NS

<0.001
<0.001
<0.0001*

-0.06; -0.02
-0.07; -0.03
2(2) 30.79

NS

ref
-0.08
-0.22

ref
-0.11
0.26

0.21

ref

ref
0.01
0.26

ref
-0.01
0.39

-0.13; -0.03
-0.28; -0.16
2(2) 52.57

-0.16; -0.07
0.13; 0.40
2(2) 46.33

2(2) 14.98

0.10; 0.32

-0.04; 0.07
0.12; 0.41
2(2) 12.73

-0.07; 0.04
0.17; 0.60
2(2) 13.15

8

NS

0.001
<0.001
<0.0001*

<0.001
<0.001
<0.0001*

0.0001*

<0.001

0.553
<0.001
0.0017*

0.605
<0.001
0.0014*

NS

NS

ref
-0.10
0.44

ref
-0.06
0.27

ref
-0.07
0.37

ref
-0.08
-0.12

-0.16; -0.05
0.30; 0.59
2(2) 48.68

-0.11; -0.02
0.16; 0.38
2(2) 31.50

-0.12; -0.02
0.24; 0.51
2(2) 45.46

-0.12; -0.04
-0.24; 0.001
2(2) 15.37

NS

NS

<0.001
<0.001
<0.0001*

NS

0.007
<0.001
<0.0001*

0.004
<0.001
<0.0001*

<0.001
0.052
0.0005*

NS

35 (163)
150 (681)
149 (677)

230 (1034)
87 (405)
17 (82)

269 (1230)
58 (257)
7 (34)

27 (112)

296 (1356)

231 (1055)
89 (404)
13 (57)

243 (1115)
79 (354)
10 (42)

264 (1196)
67 (310)
3 (15)

288 (1301)
43 (205)
3 (15)

Table S1 summarizes the results of main effects of SNPs on SCL-90 scores. Results are reported if only p < 0.0026 (Bonferroni-corrected threshold of statistical significance) n number
of subjects (number of SCL-90 assessments)
ref reference; B regression coefficient; 95%CI 95% confidence interval; NS non-significant; SCL-90 the Symptom Checklist-90-Revised uestionnaire; SNP single nucleotide
polymorphism

YWHAE
rs28365859

RELN
rs7341475

PLXNA2
rs2478813

rs1327175

PLXNA2

PLXNA2
rs841865

PLXNA2
rs752016

GRM3
rs7808623

GABRB2
rs6556547

Table S1. Main effects of SNPs on SCL-90 subscales
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GG
AG
AA
Test
AA
AT
TT
Test
CC
CG
GG
Test
TT
GT
GG
Test
CC
CT
TT
Test
TT
CT

-0.03; 0.04
-0.09; -0.04
0.11; 0.33
28.81
-0.06; 0.01
0.0001;0.06
-0.12; -0.02
13.11

-0.05; 0.02
0.02; 0.08
-0.18; -0.10
2(2) 46.34
0.05
0.003; 0.10
-0.06
-0.08; -0.04
0.03
-0.01; 0.07
2(2) 24.66

-0.01
0.05
-0.14

0.005
-0.07
0.22
2(2)
-0.02
0.03
-0.07
2(2)

NS
0.412
0.002
<0.001
<0.0001*
0.036
<0.001
0.137
<0.0001*

0.775
<0.001
<0.001
<0.0001*
0.203
0.049
0.005
0.0014*

p

95%CI

-0.18; -0.04
0.05; 0.18
-0.37; -0.12
2(2) 35.63
0.12
0.005; 0.24
-0.13
-0.19; -0.07
-0.004
-0.08; 0.07
2(2) 14.28

-0.11
0.11
-0.25

-0.11; 0.01
-0.14; -0.02
0.10; 0.51
2(2) 12.25
0.003
-0.08; 0.08
0.007
-0.06; 0.07
-0.18
-0.27; -0.09
2(2) 11.89

-0.05
-0.08
0.31

B

NS
0.002
0.001
<0.001
<0.0001*
0.041
<0.001
0.912
0.0008*

0.110
0.007
0.004
0.0022*
0.946
0.835
<0.001
0.0026*

p

SCL-90 (paranoid ideation)

0.20
-0.08
0.09

-0.04
0.18
-0.17

0.06
0.003
-0.27

-0.05
0.09
-0.02

0.06
-0.11
0.53

B

2(2)

2(2)

2(2)

2(2)

2(2)

0.001; 0.13
-0.18; -0.04
0.34; 0.73
49.73
-0.13; 0.04
0.03; 0.15
-0.12; 0.09
8.00
0.006; 0.12
-0.07; 0.08
-0.41; -0.13
19.05
-0.10; 0.02
0.10; 0.26
-0.28; -0.07
30.73
0.09; 0.31
-0.14; -0.03
0.004; 0.18
25.63

95%CI

SCL-90 (depression)
0.045
0.002
<0.001
<0.0001*
0.281
0.004
0.751
0.0183
0.030
0.929
<0.001
0.0001*
0.231
<0.001
0.001
<0.0001*
<0.001
0.001
0.04
<0.0001*

p

243 (1115)
79 (354)

51 (228)
154 (684)
129 (609)

184 (838)
121 (547)
28 (131)

193 (871)
120 (554)
21 (96)

81 (363)
177 (817)
76 (341)

179 (827)
128 (570)
27 (124)

(assessments)**

n
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Table S2 summarizes the results of interactive effects of SNPs on SCL-90 scores. Results are reported if only p < 0.0026 (Bonferroni-corrected threshold of statistical significance) n
number of subjects (number of SCL-90 assessments)
B regression coefficient; 95%CI 95% confidence interval; NS non-significant; SCL-90 the Symptom Checklist-90-Revised uestionnaire; SNP single nucleotide polymorphism

PLXNA2
rs752016

GABRB2
rs1816072

CHRNA7
rs3087454

BDNF
rs11030102

BDNF
rs11030101

AKT1
rs1130233

95%CI

Selected SNPs

B

SCL-90 (psychoticism)

Gene symbol

Table S2. Effects of the interaction between severe obstetric complication and SNPs on SCL-90 subscales
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-0.06; 0.01
-0.08; -0.03
0.06; 0.16
2(2) 38.77

NS

NS
0.222
<0.001
<0.001
<0.0001*

0.0009*
0.291
<0.001
0.291
0.0001*

2(2) 10.93
0.01
-0.01; 0.03
-0.07
-0.11; -0.03
0.01
-0.01; 0.03
2(2) 14.43

-0.02
-0.06
0.11

0.003

-0.003; 0.04
-0.10; -0.02

-0.06

0.02

NS
0.093

2(2) 11.27

-0.23; -0.07

-0.03; 0.08

-0.20; -0.03
-0.20; -0.09
0.14; 0.35
2(2) 43.42
0.32
0.17; 0.47
-0.10
-0.15; -0.04
0.10
0.007; 0.20
2(2) 33.89

-0.11
-0.15
0.24

-0.15

0.02

NS
0.010
<0.001
<0.001
<0.0001*
<0.001
0.001
0.034
<0.0001*

NS

0.0008*

<0.001

NS
0.361
-0.21; -0.03

0.05; 0.16

-0.11; 0.08
-0.14; -0.03
0.18; 0.39
2(2) 37.89
0.32
0.17; 0.47
-0.10
-0.15; -0.04
0.10
0.007; 0.20
2(2) 33.89

-0.02
-0.08
0.28

2(2) 20.16
0.09
0.04; 0.14
-0.18
-0.27; -0.08
0.09
0.04; 0.14
2(2) 23.05

-0.12

0.10

NS
0.747
0.001
<0.001
<0.0001*
<0.001
0.001
0.034
<0.0001*

<0.0001*
0.001
<0.001
0.001
<0.0001*

0.007

NS
<0.001

35 (163)
150 (681)
149 (677)

91 (434)
143 (637)
97 (438)

230 (1034)
87 (405)
17 (82)

269 (1230)
58 (257)
7 (34)

102 (461)

231 (1055)

10 (42)

Table S2 summarizes the results of interactive effects of SNPs on SCL-90 scores. Results are reported if only p < 0.0026 (Bonferroni-corrected threshold of statistical significance) n
number of subjects (number of SCL-90 assessments)
B regression coefficient; 95%CI 95% confidence interval; NS non-significant; SCL-90 the Symptom Checklist-90-Revised uestionnaire; SNP single nucleotide polymorphism

YWHAE
rs28365859

RGS4
rs2661319

RELN
rs7341475

PLXNA2
rs2478813

rs841865

PLXNA2

CC
Test
GG
AG
and
AA
Test
CC
CT
TT
Test
GG
AG
AA
Test
AA
AG
GG
Test
CC
CG
GG
Test

Table S2. Effects of the interaction between severe obstetric complication and SNPs on SCL-90 subscales
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To our knowledge, this is the first study investigating the interacting influence of
OC and hypoxia-response genes on mental symptoms in the general population. We
found that SNPs in AKT1 (rs1130233), BDNF (rs11030101), CHRNA7 (rs3087454),
GABRB2 (rs1816072), PLXNA2 (rs752016, rs841865, rs2478813), RELN (rs7341475),
RGS4 (rs2661319), and YWHAE (rs28365859) interacted with OC for self-reported
subclinical symptoms of psychopathology. Furthermore, whole gene analysis revealed
that AKT1 moderated the effect of OC on the SCL-90.
AKT1 is highly expressed in the central nervous system (CNS), and plays a
pivotal role in apoptosis, cell growth and differentiation (Dudek et al., 1997). AKT1,
located on chromosome 14q32.32, has been associated with schizophrenia(Emamian
et al., 2004, Ikeda et al., 2004, Schwab et al., 2005, Bajestan et al., 2006, Norton
et al., 2007, Xu et al., 2007, Karege et al., 2010, Mathur et al., 2010, Thiselton et
al., 2008, Shi et al., 2008), bipolar disorder (Karege et al., 2012), depressive and
manic symptoms in patients with schizophrenia (Thiselton et al., 2008), suicidal
behavior (Magno et al., 2010), antipsychotic treatment response(Ikeda et al., 2008),
and cognitive functioning (Tan et al., 2008, van Winkel et al., 2011b, Ohi et al., 2013,
Pietilainen et al., 2009). We demonstrated that the AA genotype of SNP rs1130233
in AKT1 increased the association between severe OC and psychopathology load
across all symptom dimensions assessed with the SCL-90. These findings are in line
with a previous gene-environment interaction study reporting a 4-fold increased risk
for schizophrenia in individuals with severe OC history, and having transmitted the
minor allele of rs1130233 (A) (OR=3.97 95%CI = 1.13, 13.92)(Nicodemus et al.,
2008). However, the other SNP in AKT1 (rs3803300), which was previously shown
to be moderating the impact of severe OC on schizophrenia phenotype(Nicodemus
et al., 2008), failed to produce statistically significant gene-environment interaction
moderating psychopathology in the present study. A Korean study investigating six
SNPs in the AKT1 gene in patients with schizophrenia, demonstrated that rs1130233
was associated with the severity of the OC (assessed using the Lewis scale) in the
subgroup of female patients, but not in the entire sample(Joo et al., 2009). A recent
research using functional and structural magnetic resonance imaging showed that
the minor allele of rs1130233 (A) impaired hippocampus-mediated plasticity related
to memory encoding, and reduced medial temporal lobe development through
epistatic interaction with BDNF and COMT variants in healthy controls. Furthermore,
this deleterious impact of AKT1 (rs1130233) on cognition and neuroplasticity in
schizophrenia patients appeared to be relatively reduced by AKT1 activators such as
lithium and valproate (Tan et al., 2012a). The A allele of rs1130233 was associated
with reduced AKT1 expression, reduced prefrontal–subcortical inhibitory effective

HYPOXIA-RESPONSE GENES MODERATE THE IMPACT OF PROSPECTIVELY
ASSESSED OBSTETRIC COMPLICATIONS ON PSYCHOPATHOLOGY
IN A GENERAL POPULATION FEMALE TWIN COHORT

Discussion

133

8
CHAPTER

134

connectivity, and less IQ change but only in association with higher anti-psychotic
doses in schizophrenia, as well as disturbed inhibitory prefrontal-to-striatal effective
connectivity in healthy controls (Tan et al., 2012b). Recent studies indicating that the
influence of cannabis use on the expression of psychosis (van Winkel et al., 2011a)
as well as cognitive functioning in psychotic disorders (van Winkel et al., 2011b)
was moderated by genetic variation in AKT1 –including rs1130233– lend further
support to the premise of AKT1 variants as moderators of the impact of environmental
exposures on mental health and psychopathology. Although, our findings warrant
further confirmations from other prospective cohorts, we can at least speculate that
AKT1 might influence the deleterious impact of severe OC on the developing CNS
under ischemia-hypoxia conditions, which in turn leads to emergence of mental
symptoms in the adulthood.
In our study, RGS4 variant rs2661319 also emerged as a promising SNP showing
potentially relevant interactions with OC to moderate psychopathology consistently
across symptom dimensions. The GG genotype of rs2661319 increased the association
between severe OC and psychopathology load across all symptom dimensions
assessed with the SCL-90, whereas the AG genotype appeared to be reducing
this association. The RGS4 gene has been associated with schizophrenia, albeit
inconsistently (Talkowski et al., 2006, Levitt et al., 2006, Nicodemus et al., 2007).
Studies using endophenotypes such as schizotypy(Stefanis et al., 2008), prefrontal
cortex abnormalities (Prasad et al., 2005), oculomotor parameters (Kattoulas et al.,
2012), cognitive impairment (Stefanis et al., 2008, Prasad et al., 2010) as outcomes
in both patient and general populations have shown that variants of RGS4 are linked
to the extended psychosis phenotype. Both statistical (Nicodemus et al., 2007) and
functional epistasis(Buckholtz et al., 2007) between RGS4 and COMT influencing
prefrontal cortex functioning were demonstrated. Overall, findings suggest, in a similar
vein to those of AKT1, that altered RGS4 expression impacts global functioning of
the CNS through regulation of signal transduction of several neurotransmitters (i.e.
dopamine, glutamate, serotonin, and gamma aminobutyric acid), thereby linking to a
broad spectrum of overlapping phenotypes that are across diagnostic categories.
The outcomes of the study should be interpreted in the light of its strengths and
limitations. The cohort is relatively small in size (at least for genetic studies) and the
current findings re uire replication. However, the study was sufficiently powered to
discover statistically significant associations, owing to (a) the prospectively collected
obstetric data (thereby eliminating recall bias) (b) in a population with an increased
frequency of obstetric complications, (c) the multiple phenotypical assessments per
individual, and (d) controlling each hypothesis for multiple testing that yielded a
stringent threshold for alpha (thereby avoiding possible Type-I errors).
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Future studies may use cumulative risk scores of certain biologically informative
(for example genes involved in the hypoxia-response) gene sets and test for main and
interactive effects with environmental exposures, among which records of obstetric
complications (European Network of National Networks studying Gene-Environment
Interactions in et al., 2014).
Overall, this study shows that there is an interaction between genes meeting the
criteria for a link to hypoxia-response, including vascular factors, and severe OC to
moderate several dimensions related to psychopathology in a female twin cohort from
the general population. The findings of this study, along with the previous evidence,
suggest that an interaction between hypoxia-response genes and OC influences the
expression of mental ill health in general, and not solely specific to schizophrenia.
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The overall aim of this thesis was to investigate the role of immune-related
pathways in the pathogenesis of mood disorders. My research has addressed several
research questions related to this overall aim and used several approaches. I have
furthermore extended this work with a study on links between hypoxia-related
genes and the impact of obstetric complications on expression of psychopathology.
The background of these research questions and the outcomes of these studies are
summarized below, and are followed by a discussion of methodological issues as well
as future directions and conclusion.

To date, aberrant immune functioning in bipolar disorder (BD) has been widely
acknowledged (Berk et al., 2011, Stertz et al., 2013). Numerous studies demonstrate
that pro-inflammation emerges during manic episodes evidenced by an increase in
circulating pro-inflammatory immune markers, such as tumor necrosis factor alpha
(TNF-α) (O’Brien et al., 2006, Brietzke et al., 2009, Kim et al., 2004), interleukin
(IL-6) (Kim et al., 2004, Brietzke et al., 2009), interferon gamma (IFN-γ) (Kim et
al., 2004), chemokines (Barbosa et al., 2013), C-reactive protein (CRP) (Cunha et al.,
2008), and oxidative stress (Berk et al., 2011). Similarly, bipolar depression is likely
associated with escalated inflammation, but more research is re uired to reach a firm
conclusion as relatively few studies have thus far focused on depressive episodes
(Brietzke et al., 2009, Ortiz-Dominguez et al., 2007, O’Brien et al., 2006, Breunis
et al., 2003). Certainly, one of the most intriguing uestions remaining unresolved is
whether these immune changes persist into the euthymic period, and could therefore
be used as trait markers underpinning the immune-related pathogenesis of BD.
However, the multi-faceted nature of BD hinders further progress in understanding of
the underlying immune-related pathophysiological mechanisms.
As TNF-α concentrations were persistently increased up to 6 weeks even after
treatment for manic symptoms, it has been argued that TNF-α might be a trait marker
(Kim et al., 2007). Furthermore, there are some studies showing higher TNF-α and
soluble tumor necrosis factor receptor-1 (TNFR-I) concentrations in euthymic patients
compared to those in healthy controls (Brietzke et al., 2009, Barbosa et al., 2011).
Nevertheless, it should be taken into account that several confounding factors
may have an impact on these immune markers. For instance, weight gain has been
linked to pro-inflammation via disturbed TNF-α mediated pathways (Hotamisligil
et al., 1994, Hotamisligil et al., 1993). Likewise, increased pro-inflammation, with
respect to increased TNF-α after antipsychotic treatment, has been attributed to antipsychotic induced weight gain (Pollmacher et al., 1996, Hinze-Selch et al., 2000,
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Kluge et al., 2009). However, this theory has been challenged because of the lack
of strong evidence implying causality, with the exception of temporal direction. It is
therefore possible that increased TNF-α might be merely a conse uence of weight gain
(Baptista and Beaulieu, 2002). In both scenarios, body mass index (BMI) stands as
an important factor while investigating the circulating immune markers in psychiatric
disorders (Haack et al., 1999). Nearly all of the current psychiatric medications are
indeed shown to be influencing circulating cytokine concentrations (Pollmacher et al.,
2000, Haack et al., 1999). Immune-modulatory effects of lithium have been widely
recognized for a long period of time and tested for the treatment of several medical
conditions associated with immune deregulation (Rybakowski, 2000). Evidence
suggests, albeit inconclusively, that mood stabilizers such as valproate (Ichiyama
et al., 2000) and carbamazepine (Himmerich et al., 2005) may also have immunemodulating effects. Similarly, numerous studies revealed that antipsychotics, with
the exception of haloperidol (Pollmacher et al., 1997), influence circulating cytokine
concentrations either through weight gain or other possible mechanisms that require
further investigation (Miller et al., 2011). Age and sex also alter peripheral cytokine
concentrations (Himmerich et al., 2006, Haack et al., 1999). These confounders should
therefore be taken into account when investigating whether immune activation is an
authentic disease-related trait/state marker of BD or merely an artifact of confounders.
Chapter 2 aims to explore this topic through measuring serum cytokine
concentrations (IFN-γ, TNF-α, IL- 2, IL-4, IL-5, and IL-10) in a carefully selected
homogeneous sample of patients with BD to address the confounding factors
(age, sex, BMI and medication). For the first time in the field, the study recruited
a subsample consisting of medication-free euthymic bipolar patients using the
advantage of utilizing the largest number of patients registered at a tertiary referral
mood disorders outpatient unit in Turkey with high quality medical record keeping
procedures as prescribed by the SKIP-TURK nationwide mood disorder follow-up
program (Tirpan et al., 2004). Subse uently, age and sex matched bipolar patients
who had been on lithium monotherapy for more than 8 weeks, and healthy controls
without psychiatric illness were recruited for comparison. There were no differences
in cytokine concentrations between medication-free euthymic bipolar patients and
healthy controls, but both TNF-α and IL-4 were higher in lithium treated patients than
in both medication-free euthymic bipolar patients and healthy controls. These findings
suggest that the aberrant immune functioning in BD resolves during euthymia, and
that pro-inflammation might be a state rather than a trait.
However, it should be noted that these medication-free euthymic bipolar patients
might be at the less severe end of the spectrum, and it is likely that more severe
clinical prognoses might be more closely linked to immune deregulation (Kapczinski
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et al., 2009). Inflammation may even remain present throughout the euthymic period
in treatment resistant cases with ongoing residual symptoms or in cases with a shorter
euthymic period as a result of frequent relapses.
This is in line with the results presented in chapter 3 suggesting that plasma
TNF-α concentrations were higher in patients with poor lithium response compared
to those with good response after controlling for confounders. Furthermore, TNF-α
concentrations were negatively associated with ALDA lithium response scores. These
findings further support the idea of ongoing subthreshold inflammation in more severe
cases. However, the study failed to demonstrate any difference in sTNF-R1, sIL6R and sIL-2R concentrations between euthymic bipolar patients with and without
subsyndromal symptoms (see Chapter 4). Unfortunately, the cross-sectional design
of these studies precluded conclusive interpretations.
After chapter 2, 3 and 4 were published, three meta-analytical reviews focusing
on circulating cytokine alterations in BD were performed. The first meta-analysis
including both in vivo and in vitro studies (30 studies with a total of 2599 participants)
demonstrated that IL-4, IL-10, sIL-2R, TNF-α, sTNF-R1, IL-1 receptor antagonists
were higher in BD (euthymia, mania and depression combined) than in healthy
controls (Modabbernia et al., 2013). Second, Munkholm et al. found that sIL-2R,
TNF-α, sTNF-R1, sIL-6R, IL-4 were higher in BD than in healthy controls in their
meta-analysis including only in vivo studies (18 studies including a total of 761 bipolar
patients and 919 healthy controls (Munkholm et al., 2013). These two meta-analytical
reviews provide some evidence that circulating cytokine concentrations are increased
in BD regardless of the mood state. However, both of them also point out that the
majority of studies have not addressed the influence of confounding factors (e.g.,
BMI, age, and medication). Therefore this limitation, along with the heterogeneity of
samples, severely impeded their capacity to infer more conclusive evidence from the
current data.
Overall, substantial evidence confirms the existence of pro-inflammation in BD,
but the uestion whether this inflammatory state persists through the euthymic period
still remains unanswered.

Impact of lithium on immune system: Does it have a role in the
therapeutic efficacy of lithium in bipolar disorder?
Due to its immune-modulatory effects, lithium could be successfully used to treat
Herpes Simplex Virus infections (Amsterdam et al., 1990) and medication induced
leukopenia (Mattai et al., 2009). Numerous studies investigating the in vivo and in
vitro effects of lithium on immune system in patients with BD have established that
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lithium moderates several pathways in a bidirectional manner to regulate immune
response (Rapaport et al., 1999, Rapaport and Manji, 2001, Boufidou et al., 2004,
Maes et al., 1999). However, these studies do not particularly focus on the possible
role of these alterations as a therapeutic mechanism of action of lithium.
To extend the current knowledge, Chapter 3 focuses on the role of TNF-α as
a biological indicator for the long-term lithium response. An inverse correlation
between TNF-α and total ALDA lithium response scale scores, and higher TNF-α
concentrations in poor lithium responders than in good responders were demonstrated.
Given that, it is plausible to speculate that downregulation of the activated immune
response, which in this case was estimated by circulating TNF-α concentrations,
likely plays a role in lithium’s long-term mood stabilizing effects along with several
other postulated mechanisms.
Additionally, our findings showing no difference in unstimulated serum
concentrations of IFN-γ, TNF-α, IL- 2, IL-4, IL-5, and IL-10 between well-controls and
medication-free bipolar patients, who were euthymic for a mean period of 133.7 weeks
(SD 137.5) without medication, show that the restoration of immune balance might
be essential for the mood stabilization (see Chapter 2). Interestingly, in comparison
to well-controls and medication-free bipolar patients, lithium monotherapy bipolar
patients, who were also euthymic for a similar time period (M 190.4, SD 181.4
weeks), with a mean duration of lithium use for 155.1 (SD = 183.1) weeks, had higher
levels of TNF-α (a major pro-inflammatory cytokine) and IL-4 (an anti-inflammatory
cytokine counterbalancing the effect of pro-inflammatory mediators).
The findings from our studies combined with the current literature suggest that
immune regulatory effects of lithium might have a role in its mechanism of action.
However, the lack of prospective data once more prevents us from proposing a more
solid statement.

Effects of anti-inflammatory medications on mood symptoms
in inflammatory diseases: new hope for the treatment of mood
disorders?
Abundant evidence shows the link between immune activation and depressive
symptoms in chronic inflammatory diseases with a relapsing-remitting course, i.e.
Crohn’s Disease (CD) (Fuller-Thomson and Sulman, 2006, Loftus et al., 2011) and
Rheumatoid Arthritis (RA) (Dickens et al., 2002). Furthermore, clinical drug trials
show that anti-inflammatory medications used to treat these conditions, such as TNF-α
antagonists, display distinctive antidepressant effects (Persoons et al., 2005, Kurz et
al., 2011). Overall, these studies highlight the critical role of underlying immune146
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mediated mechanisms involved in depressive symptoms which are commonly
observed in chronic inflammatory disorders, and thereby paving the way for novel
anti-inflammatory treatment of mood disorders.
Chapter 5 investigated the impact of anti-TNF-α (infliximab) infusion on
depressive symptoms, in association with immune markers (acute phase proteins
APP and zinc) and tryptophan availability in CD as an inflammatory disease model,
in order to elucidate the underlying mechanisms linking depressive symptoms and
the immune activation in chronic inflammatory diseases. This study showed that
infliximab reduced depressive symptoms, and that both the level and the percentage
of gamma fraction were associated with the Symptom Checklist (SCL-90) depression
scores over time, even after correction for the disease activity assessed by the HarveyBradshaw Index (HBI). Additionally, patients with a current/past depressive disorder
displayed increased positive APP (levels of γ, α2, β fractions; and percentages of γ, α2
fractions) and lower negative APP (the level of albumin fraction, and the percentage
of albumin fraction) and zinc, again even after correction for the disease activity.
These findings support the notion that the immune activation may play a role in
the pathogenesis of comorbid depression in CD, and that anti-TNF-α (infliximab)
is beneficial in reducing depressive symptoms, in part independent of its effect on
the disease activity. Given that, it is plausible to speculate that anti-inflammatory
medications such as anti-TNF-α might be useful in the treatment of depressive
disorders, particularly in treatment-resistant cases.
The majority of psychotropics have immune-modulatory effects, and a metaanalysis demonstrated that antidepressants reduce circulating pro-inflammatory
cytokine (IL-1β and IL-6) concentrations, with serotonin reuptake inhibitors
decreasing TNF-α as well (Hannestad et al., 2011). However, it remains elusive
whether these immune-modulatory effects also contribute to the therapeutic efficacy
of antidepressants in depression.
Furthermore, Raison et al. demonstrated that infliximab was effective for treatmentrefractory depression in a subgroup of patients with increased baseline concentrations
of immune markers. However, infliximab failed to produce a significant effect over
placebo in the rest of the sample (Raison et al., 2012). Although recent evidence is
promising for anti-inflammatory treatment in mood disorders, an extensive series of
double-blind randomized controlled drug trials should be conducted before introducing
these medications as safe and efficacious treatment options in routine clinical practice.
In this regard, several studies have studied the efficacy of medications with TNF-α
antagonism (infliximab and minocycline) for treatment-refractory depression and
bipolar depression, in association with inflammatory markers, with some encouraging
findings (Savitz et al., 2012, Miyaoka et al., 2012, Dean et al., 2014).
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ECT & immune functioning: can we observe links between
markers of the immune system and the therapeutic efficacy of
ECT?
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Electroconvulsive therapy (ECT) has remained the most effective and the fastest
acting treatment for mood disorders over almost a century. However, the mechanism
of action of ECT remains elusive. Interestingly, despite growing evidence that
suggests the importance of aberrant immune functioning in the pathophysiology of
mood disorders, the role of immune-related pathways in the mechanism of action
of ECT has received little attention. Few studies investigating the impact of ECT on
circulating immune markers indicate that ECT induces a transient immune activation
immediately after a single ECT session, whereas repeated ECT might downregulate
immune activation (see Chapter 6).
Immune mediated tryptophan catabolism has been suggested to play a pivotal
role in bridging the aberrant immune functioning and neurotransmitter deregulation
involved in the pathophysiology of depression. Research shows circulating
kynurenine (KYN)/tryptophan (TRP) (tryptophan turnover ratio) concentrations were
higher, whereas kynurenic acid (KYNA) (a putative neuroprotective molecule with
N-methyl-D-aspartate (NMDA) receptor antagonism), kynurenic acid/ kynurenine
(kynurenine to kynurenic acid conversion ratio), and tryptophan/large neutral amino
acids (tryptophan availability) were lower in medication-free patients with major
depression than in normal controls.
Given that, Chapter 7 aims to investigate the impact of ECT treatment on the
tryptophan-kynurenine metabolic pathway – as a means of exploring the connection
between brain and immunity– in patients with unipolar or bipolar depression. The
study examined whether circulating metabolites on the tryptophan-kynurenine
pathway change over the treatment period and the following 6 weeks, in association
with depression scores, and whether these metabolite concentrations at baseline
predict the response to ECT. This study provides first line evidence for the longterm impact of ECT on the tryptophan-kynurenine metabolic pathway, with results
showing that KYNA, KYNA/3-HK, KYNA/KYN, and KYN/TRP levels increased
after ECT, and that levels of KYN and KYN/TRP were negatively associated with
total depression scores. These findings demonstrate that ECT influences the TRPKYN pathway with a shift toward the ‘neuroprotective’ side. Although these results
provide a perspective about the long-term effects of ECT on the TRP-KYN metabolic
pathway, and therefore yield further support for the hypothesis that the impact of ECT
on immune-regulated processes might play a role in its working mechanism, more
research that measures both direct and remote indicators of inflammation in large

samples needs to be undertaken before the link between ECT and the immune system
is more clearly understood.

Findings from large epidemiological studies have now established that obstetric
complications (OC) increase the risk for psychiatric syndromes, particularly
psychosis. However, efforts to take this statistical association one step further and
eventually identify underlying mechanisms have thus far been unsuccessful. While
it has been long recognized that most psychiatric disorders are highly heritable,
indicating a strong contribution of genetic variation to etiopathogenesis, many studies
have consistently shown that exposure to environmental risk factors, for instance
obstetric complications, also plays a significant role in the process. Considering
that, it is plausible to apply a gene-environment interaction model to investigate
the biological mechanisms underlying the link between obstetric complications and
psychopathology. Nicodemus et al., analyzing a set of genes involved in hypoxiaresponse in a case-control sample, successfully identified that several variants in the
schizophrenia candidate genes (AKT1, BDNF, DTNBP1, GRM3) interact with severe
obstetric complications to increase the risk of schizophrenia (Nicodemus et al., 2008).
A systematic review and analysis of current genetic literature –exploring the link
between hypoxia-response and schizophrenia on a theoretical level identified that
55% of the schizophrenia candidate genes also matched criteria for hypoxia-response
(Schmidt-Kastner et al., 2012).
In the light of this evidence, Chapter 8 intends to elucidate the role of geneenvironment interactions underlying the association between obstetric complications
and psychopathology in a deeply phenotyped cohort of young adult female twin pairs
with increased risk for OC. Of 23 SNPs in 12 genes a priori selected on the basis
of previous evidence linking them with both hypoxia-response and schizophrenia,
SNPs in AKT1 (rs1130233), BDNF (rs11030101), CHRNA7 (rs3087454), GABRB2
(rs1816072), PLXNA2 (rs752016, rs841865, rs2478813), RELN (rs7341475), RGS4
(rs2661319), and YWHAE (rs28365859) interacted with prospectively collected
measures of OC to influence self-reported subclinical symptoms of psychopathology
(SCL-90 total). Among significant SNPs, AKT1 variant rs1130233 and RGS4 variant
rs2661319 emerged as the most promising SNPs that show potentially relevant
interactions with OC to moderate psychopathology consistently across symptom
dimensions. In accordance, whole gene analysis revealed that AKT1 moderated the
effect of OC on the SCL-90. Although these results (AKT1) are in agreement with
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those of Nicodemus et al. (2001), the present study failed to replicate the finding of
gene-environment interaction for other SNPs (AKT1 rs3803300 BDNF rs2049046
DTNBP1 rs875462 GRM3 rs7808623 ).
Overall, our findings further support the idea of GxE interaction, where hypoxiaresponse genes operate in synergy with obstetric complications to influence the
expression of mental ill health in general in adulthood.
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Methodological issues
Despite numerous studies implicating the role of the aberrant immune functioning
in mood disorders, we are still far from translating these findings to be applied in
clinical practice –identifying biomarkers and novel molecules that target immunemediated mechanisms for the treatment of mood disorders. The complex nature of the
immune system composed of intertwined pathways and the difficulty of identifying
disease phenotypes hinder further progress.
Furthermore, the vast majority of previous studies have several limitations that
need to be addressed in future research. While several confounders (e.g. BMI, age,
sex) can be controlled rather easily either by matching patients with healthy controls
or applying statistical adjustments, absolute elimination of the confounding effect
of psychotropic medications is almost unattainable as finding a large group of
medication-na ve patients would be extremely difficult.
To date, sample sizes of the studies carried out in the field of psychoneuroimmunology
have been relatively small. Additionally, the scarcity of prospective studies severely
hampers the ability to reach a firm conclusion on whether immune system disturbances
are causally linked to the pathophysiology of mood disorders.
The majority of the studies pragmatically measured circulating immune marker
concentrations given peripheral concentrations of immune markers have a value in
estimating the inflammation in the CNS, and obtaining cerebrospinal fluid (CSF)
through lumbar puncture is an invasive techni ue with well-defined risks that might
exceed the benefit of using a more direct approach.

Conclusion and Future Perspectives
Despite efforts, psychiatry –in contrast to the rest of medicine– has not taken
further steps towards elucidating the etiopathogenesis of psychiatric disorders which
are currently classified based on a grouping of several behavioral symptoms and
signs. One of the main reasons is that not just a single biomarker has been identified in
150
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psychiatry. To understand psychopathology, clinicians solely rely on their psychiatric
interview skills to gather subjective self-report information, which is generally
ade uate to make the initial diagnosis based on psychiatric classification systems.
There is a certain need to identify biomarkers for reliable diagnosis of psychiatric
disorders that would eventually lead to a better biological understanding. In addition
to diagnostic markers, surrogate markers –similar to those widely used in medicine,
such as HbA1C predicting microvascular complications in diabetes or viral load
predicting survival in chronic HIV– could be extremely useful to measure the effects
of a specific treatment.
Numerous studies have shown, albeit inconsistently, that anti-inflammatory drugs
such as aspirin, celecoxib, omega-3 fatty acids, and minocycline may be beneficial as
an augmentation treatment (Rosenblat et al., 2014). Taking into account that the data
showing that higher TNF-α was associated with poor response to lithium prophylaxis
in bipolar disorder (see Chapter 3), and that infliximab (a TNF-α antagonist) was
efficacious in treating depressive symptoms of only patients with high baseline
inflammatory biomarkers (Raison et al., 2012), it is plausible to argue that this
inconsistency might arise from the collective analysis of heterogeneous samples in
terms of immune profiles. The next step should therefore be to test whether broad
immune profiling of patients with mood disorders at baseline predicts treatment
response and remission, which might be helpful to define patients who can benefit
from add-on anti-inflammatory treatment in the long run. Identifying these different
subtypes, such as inflamed depression, might give us the advantage of tailoring
individualized treatments.
Current studies investigating the relationship between inflammation and mood
disorders have only used single platform measures, particularly blood bioassays
measuring circulating inflammatory markers. Research in this area clearly needs
to move beyond this and adapt a multimodal approach that combines different
techniques (e.g., genetics and neuroimaging) to connect the dots between peripheral
immune alterations and the neuroinflammation. Using the peripheral benzodiazepine
receptor radioligand 11C -(R)-PK11195, microglial/astrocytic activation can now
be successfully and reliably imaged by positron emission tomography. For instance,
while underpowered, the single study investigating neuroinflammation in vivo in BD
demonstrated the statistically significant increased binding potential of 11C -(R)PK11195 in the right hippocampus of euthymic bipolar patients compared to healthy
controls (Haarman et al., 2014).
Accumulating evidence indicates that there are no clear boundaries between
categorical diagnoses in psychiatry. In accordance, a recent meta-analytical
comparison of blood cytokine concentrations across major psychiatric disorders in
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reference to the general population showed a similar pattern for cytokine alterations
in bipolar disorder, major depression, and schizophrenia(Goldsmith et al., 2015).
The introduction of transdiagnostic approaches, independent from the current
classification systems, such as the National Institute of Mental Health initiative the
Research Domain Criteria Project (RDoC)(Insel et al., 2010), would allow us to better
understand shared pathways of aberrant immune functioning in psychopathology.
In conclusion, major strides have been made during the last decade in our
understanding of the underlying immune mechanisms of mood disorders. However,
this is only a successful start to an arduous journey.
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SUMMARY

In chapter 1, a brief summary about phenomenology, classification and
epidemiology of mood disorders was provided. Furthermore, the pathoetiology of
mood disorders, with a focus on immune-related mechanisms, was discussed. First,
the close relationship between immune-related diseases and mood disorders was
discussed. Second, evidence implicating the role of disturbed cytokine network in
mood disorders was provided. Third, tryptophan metabolic pathway, linking immune
system to central nervous system, was promoted. Fourth, the potential of antiinflammatory medications for the treatment of mood disorders is discussed. Fifth, the
importance of hypoxia ischaemia as a mechanism underlying psychiatric syndromes,
in association with the maternal immune activation and microglial activity, and its
link to the immune system disturbance was discussed. Finally, the aims and outline of
the thesis were presented.
Chapter 2 presents a cross-sectional study, in which peripheral pro- and antiinflammatory cytokine balance (IFN-γ, TNF-α, IL-2, IL-4, IL-5, and IL-10) was
examined using flow cytometry in euthymic bipolar patients (medication-free (n 16)
and lithium-monotherapy (n 15)), in comparison to age and gender matched healthy
controls (n 16). While there was no difference between medication-free and healthy
controls in circulating cytokine profile, TNF-α and IL-4 concentrations in euthymic
bipolar patients on lithium-monotherapy were higher than in both the medication-free
euthymic bipolar patients and healthy controls. Given that, it is plausible to speculate
that the pro-inflammatory state reported in manic and depressive episodes resolves
in euthymia, and lithium exerts a complex immune-modulatory action by increasing
both pro- and anti-inflammatory cytokines, thereby also emerging as a confounding
factor while investigating the disease-related pathogenesis of bipolar disorder.
Chapter 3 presents a study investigating the possible association between circulating
TNF-α concentration assessed using enzyme-linked immunosorbent assay and longterm lithium response assessed using ALDA lithium response scale in 60 euthymic
bipolar patients (17 with good lithium response, 23 with partial lithium response, 20
with poor lithium response). TNF-α concentrations in patients with a poor response
to lithium were higher than in patients with a good response; both Criterion A (the
degree of improvement over the course of lithium treatment) and total ALDA lithium
response scale scores (Criterion A subtracted by Criterion B assessing the causality
between improvement and lithium treatment) were negatively associated with TNF-α
concentrations after controlling for the a priori selected confounders. These findings
indicate that circulating TNF-α concentration may impact on the clinical response
to lithium and a continuous immune imbalance in poor lithium responders may be
related to treatment resistance.
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Chapter 4 presents a study investigating the possible association between
peripheral markers of an ongoing chronic pro-inflammatory process (soluble tumor
necrosis factor receptor-1 (sTNF-R1), soluble interleukin-6 receptor (sIL-6R) and
soluble interleukin-2 receptor (sIL-2R)) and persistent subsyndromal symptoms in
bipolar disorder in a sample consisted 22 euthymic bipolar patients with subsyndromal
symptoms and 23 euthymic bipolar patients without subsyndromal symptoms and 23
well controls. sTNF-R1 and sIL-6R concentrations were increased in both patients
with and without and without subsyndromal symptoms in comparison to that in
well controls, also after controlling age and sex, however there was no difference in
sTNF-R1 and sIL-6R concentrations between patients with and without subsyndromal
symptoms. These findings indicate that the pro-inflammatory shift might be evident
in bipolar patients compared to well controls, but subsyndromal symptoms are not
associated with additive increasing effects.
Chapter 5 presents an 8-week, prospective study investigating the impact of antiTNF-α (infliximab) infusion on disease activity, uality of life, fatigue and depressive
symptoms along with its possible relation to immune parameters, and the tryptophan
availability (tryptophan/competing amino acids) in 15 patients with Crohn’s Disease.
The findings were: (i) scores of depression scales were decreased after anti-TNF-α
infusion and this effect was to a degree, but not entirely, reducible to disease activity;
(ii) there was no change in the tryptophan availability after anti-TNF-α infusion and
neither scores of depression scales, nor immune parameters were associated with
tryptophan availability; (iii) immune activation was higher in patients with current/
past depressive disorder. These findings indicate that anti-TNF-α infusion in patients
with Crohn’s Disease reduces depressive symptoms, in part independently of disease
activity, and that the effect on depressive symptoms is not associated with immuneinduced changes in tryptophan availability to the brain, as estimated indirectly by
serum tryptophan/competing amino acids ratio.
Chapter 6 presents a literature overview on the effect of electroconvulsive therapy
(ECT) on the immune system. The literature search identified limited number of
studies. Although inconsistency in findings and methodological issues statistical
power and consideration of confounding factors impacting cytokine concentrations
preclude definitive conclusion; the findings suggest that a single session of ECT
induces an acute, transient immune activation, whereas repetitive ECT treatment
results in long-term down-regulation of immune activation.
Chapter 7 presents a prospective study investigating the impact of ECT on the
metabolites in tryptophan-kynunerine pathway (tryptophan (TRP), kynunerine (KYN),
kynurenic acid (KYNA), 3-hydroxykynurenine (3-HK), 3-Hydroxyanthranilic acid (3HAA), 5-Hydroxyindoleacetic acid (5-HIAA), KYN/TRP, KYNA/KYN, KYNA/3-
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HK, 5-HIAA/ KYN), in association with ECT-related alterations in depressive
symptoms in 23 patients with unipolar or bipolar depression. The findings were: (i)
KYNA, KYNA/3-HK, KYNA/KYN and KYN/TRP concentrations increased over
time; (ii) KYN and KYN/TRP were negatively associated with total HDRS scores;
(iii) Baseline TRP metabolite concentrations did not predict time to ECT response.
Notwithstanding its limitations, this study highlights the impact of ECT on TRPKYN pathway with a shift toward neuroprotective side, which may play a role in its
mechanism of action.
Chapter 8 presents a gene-environment interaction study investigating in a general
population sample of 334 females in 180 twin pairs whether associations between
obstetric complications (OC) and expression of psychopathology were moderated
by selected single nucleotide polymorphisms (SNPs) in genes that were previously
shown to be associated with hypoxia-response regulation and schizophrenia. SNPs
in AKT1 (rs1130233), BDNF (rs11030101), CHRNA7 (rs3087454), GABRB2
(rs1816072), PLXNA2 (rs752016, rs841865, rs2478813), RELN (rs7341475), RGS4
(rs2661319), and YWHAE (rs28365859) moderated the associations between OC and
the Symptom Checklist-90-Revised (SCL-90) total scores. In addition, there were
significant main genetic, and interactive effects on subscales of the SCL-90, but not
on neurocognitive tests. When SNPs per gene were analyzed together in one model
per gene, only the variants in AKT1 showed a statistically significant interaction with
OC on SCL-90 total, depression, and psychoticism scores. The findings suggest that
the interaction between hypoxia-response genes and OC influences the expression
of mental ill health in general, and not just the expression of schizophrenia-specific
psychopathological dimensions.
Chapter 9 provides an overview of the findings and discusses them in the light of
the current evidence. The findings derived from the studies in this thesis investigating
the role of aberrant immune functioning in mood disorders from different perspectives
are integrated to elucidate possible underlying immune-related mechanisms in the
pathogenesis of mood disorders; and to provide directions for future research.
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Relevance
Converging evidence has moved the scientific community to view inflammation
as a key process that might improve understanding of the pathoetiology of mood
disorders. Insight into the aberrant immune functioning as a complementary
mechanism underlying mood disorders can deliver important prognostic information
to personalize and optimize treatment. From a general perspective, this thesis seeks to
deliver the next step in this translational aim.
The findings add important and potentially transformative data to explain the
relationship between inflammation and mood disorders. To date, inflammation
in the acute phase of mood disorders (e.g. mania, depression) has been widely
acknowledged. However, few studies, usually not taking into account the effect
of medication on immune markers, have examined whether the aberrant immune
functioning in bipolar disorder resolves during euthymia. This thesis, examining the
circulatory immune profile of medication-free euthymic bipolar patients and the role
of immune modulation as a mechanism of action of lithium, has therefore filled an
important gap in the scientific field. In combination with recent evidence, this suggest
that inflammatory state likely resolves in euthymic period of bipolar disorder, and
that the immune-balancing effects of lithium, along with several other postulated
mechanisms, may be essential for its long-term mood stabilizing effects.
This thesis also provides important evidence towards the role of immunerelated pathways (immune mediated tryptophan catabolism) in the mechanism of
action of ECT, which has thus far received little attention. Current knowledge about
antidepressant effects of infliximab (an anti-inflammatory drug) in Crohn’s Disease

VOLARIZATION

Mood disorders (bipolar disorder and major depressive disorder) are highly prevalent,
and are associated with increased morbidity and mortality. Although treatment of
depression has advanced, current medications do not meet expectations – only onethird of patients diagnosed with major depression respond to first level treatment.
Likewise, polypharmacy is a rule rather than an exception for treatment of bipolar
disorder even lithium, closest to the definition of an ideal mood stabilizer aside from
its side-effects, has limited success as a monotherapy. It appears that the monoamine
theory, solely, cannot explain all features of mood disorders, and accordingly, current
antidepressants targeting monoamine systems are efficient in only a subgroup
of patients. Novel treatment options are urgently needed. To improve treatment,
pathoetiology of mood disorders should be elucidated. Understanding pathoetiology
–in contrast to serendipitous drug discoveries– would enable us to design disorderspecific drugs and optimize treatment by measuring target engagement.
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is extended, thereby facilitating the concept of anti-inflammatory treatment of mood
disorders. Recent data suggest that prenatal and perinatal complications impact on
the maternal immune activation and microglial activity, and this work was further
extended with a study investigating whether hypoxia-related genes moderate the
impact of obstetric complications on expression of psychopathology. The findings
further support the idea of gene X environment interaction, whereby hypoxia-response
genes operate in synergy with obstetric complications to influence the expression of
mental ill health in general in adulthood.
The exploration of inflammation and the pathoetiology of mood disorders
is an active area of investigation in the scientific community. This thesis offers
some insight into indices of inflammation underlying mood disorders, and delivers
translational information about the role of inflammation in treatment of mood
disorders. Although further longitudinal studies are re uired, these findings, from
a broad perspective, suggest that immune stratification of patients with mood
disorders such as, from the most basic perspective, categorizing patients into low
and high inflammation groups might be helpful in predicting treatment response
and remission. In addition, identifying subtypes, such as inflamed depression,
may open up new avenues leading to individually tailored treatment with better
outcomes.
Social and economic burden of mood disorders include disability, decreased work
productivity, and increased health services utilization. A more effective treatment
would not only decrease mood symptoms, but also improve quality of life and restore
functioning. Although treatment of mood disorders has improved substantially, the rate
of complete remission is low –indicating a need for treatment with novel mechanisms
of action. There is some evidence to suggest that anti-inflammatory drugs (i.e. aspirin,
celecoxib, omega-3 fatty acids, and minocycline) are beneficial as an augmentation
treatment for mood disorders. However, study results are inconsistent. This is likely
due to collective analysis of immunologically heterogeneous samples. Therefore,
immune profiling may be essential to define patients who may benefit more from
adjuvant anti-inflammatory treatment.
Although reported findings can be considered as another brick in the wall, even
the Great Wall of China was built laying one brick at a time. Studies investigating
immune hypotheses have thus far provided substantial evidence suggesting that
measurement of immune alterations may serve as biomarkers in mood disorders.
However, we are still far from translating these findings to be applied in clinical
practice because further prospective, controlled investigations are needed. Studies
should aim to investigate large samples and carefully take into account various

confounders that can easily distort results, such as medication effect demonstrated
in this thesis.

Considering that the impact of mood disorders spread across the society, with
various effects, from patients to family members and from organizations to taxpayers,
a wide range of people can benefit from optimization of diagnosis and treatment of
mood disorders, either directly or indirectly. Therefore, the findings of this thesis
extending the knowledge to pave the way to advanced diagnostic panels and better
treatment options may be of use to a broader population. In psychiatric practice,
healthcare professionals usually struggle to identify future treatment-resistant cases,
and this results in inadequate treatment initially, followed by several drug trials until
optimal treatment is achieved. Not to mention that extended duration of inadequate
treatment is associated with disability, but it also poses a great risk to patients by
increasing the likelihood of suicide. Unfortunately, there exists no biomarker that
can help healthcare professionals to predict response or remission in patients with
mood disorders. Given that, healthcare professionals can certainly benefit from
tracking immune markers to develop personalized treatment strategies, which
eventually reduce duration of inadequate treatment. This decrease of time lost by
inade uate treatment, will subse uently decrease service utilization and costs. These
are also important objectives that policy makers seek to achieve for improving costeffectiveness. However, it would be an overstatement to claim that immune markers
are ready for use in everyday clinical practice. Circulatory immune markers are
prone to the impact of confounding factors, unreliable at times, and still expensive
to measure with available methods. Rapidly advancing measurement technologies
delivered assays that allow measurement of multiple immune markers using a single
kit and, therefore, led to a dramatic reduction in costs. This downward trend in costs
will accelerate even more in the forthcoming years.
Obviously, the present findings support the development of anti-inflammatory
therapy for mood disorders. There is already some evidence that augmentation
treatment with potent anti-inflammatory therapies might increase response rates
and reduce time to response, particularly in treatment-refractory cases. However,
side effects that include increased risk of serious infections limit their use.
Hopefully, the next generation of anti-inflammatory drugs, targeting specific
molecular pathways, with fewer side effects may add to clinicians’ arsenal for
treatment-resistant cases.
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Innovation
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This thesis delivers actionable and reliable information for future studies, and it is
innovative in several specific ways. First, it used several approaches in a variety of
samples to delineate putative role of inflammation in pathoetiology of mood disorders.
Second, it shed light on neglected areas in the literature on psychoneuroimmunology,
such as the role of immune-related pathways in the mechanism of action of ECT.
Third, it analyzed data derived from uni ue patient populations, such as unmedicated
euthymic bipolar patients and euthymic bipolar patients with subthreshold symptoms.
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