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1. Introduction 

1.1 Affective disorders 

Affective disorders consist of the counterstanding types depression and mania that can occur 

independently or in a plurality of interactions (Angst, 1978; Fig. 1A). Major depression, also 

termed unipolar depression, is characterized by classical depressive symptoms (American 

Psychiatry Association, 2000; World Health Organization, 2007a). In contrast, the disease is 

classified as bipolar if depressive episodes alternate with phases characterized by manic 

behaviour. Beyond these two main forms also other subconstellations are found (Winogur, 1973; 

Fig. 1B). Dysthymia is a chronic form with constant or fluctuating depressive symptoms (Hersen 

et al., 2007). Cyclothymia is characterized by consistent mood instability with low manic or 

depressive symptoms (Williams and Wilkins, 1993). In contrast to cyclothymia, the changes 

between manic and depressive phases in rapid cycle disease are more abrupt (Calabrese et al., 

2001). The introduction on mania will be restricted (for an introduction see the review by 

Miklowitz and Johnson, 2006).  

 

 

 

 
  
 
 
 
 
 
 
 
 
 
 
 
Fig. 1: (A) Affective disorders consist of depression and mania (B) Different course types of 
depression. (A) Affective disorders include depression and mania that build two counterstanding poles 
related to their behavioural differences. (B) Main subconstellations of affective disorders and their 
association in the course of diseases (images from Bauer, Charité Berlin).  
 

(A) (B) 
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1.2 Depression 

1.2.1 Clinical diagnostics 

Depression is characterized by changes in mood, psychomotor motivation and somatic states 

including both somatic and vegetative symptoms (Richard and Lyness, 2006). Also a variety of 

cognitive disturbances, like i.e. impaired working memory functions and attention performances 

are observed that sum up in a generalized mental slowing (Burt et al., 1995; Robbins et al., 1992). 

The classification of the present depressive disorder is based on the symptomatology described 

by the patient supplemented with the behavioural, psychosomatic, and cognitive alterations 

observed by the clinician. Because there are no biological markers of depression available, these 

alterations are primarily used for the clinical diagnostics based on the catalogue of symptoms that 

are most prominent. One supportive clinical tool for the diagnosis of depression is the “mental 

status examination” or MSE. It is an important part of the clinical assessment process in 

psychiatric practice. The MSE implies a structured way of observing and describing a patient's 

current state of mind under the domains of appearance, attitude, behavior, mood and affect, 

speech, thought process, thought content, perception, cognition, insight and judgement (Trzepacz 

and Baker, 1993).  

Other clinical tests, like the Hamilton Rating Score of depression HAM-D (Hamilton, 1960) or 

the Beck’s depression inventory BDI (Beck, 1979), are widely used to assess depressive 

symptom severity and to monitor the therapeutical course of depressed clinical inpatients during 

therapeutical treatment. 

Depression affects patients’ life quality and also has a strong impact on the social interaction and 

integration due to the symptomatology characterized by the disease (Table 1). Traditionally, three 

main categories of depression, divided by the causes of the disease, have been established. The 

categories consist of psychogenic depression, endogeneous depression and somatogenic 

depression (Kielholz, 1979). This traditional classification has lost its relevancy due to the 

understanding that the disease is based on different causes that have an alternating weighted 

influence on the onset although they all interact and result in depression. It is important to note 

that the cause of depression does not have any influence on the therapeutical strategy that is used 

to treat affected patients.  
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Today the most widely used standardized criteria for diagnosing depression come from the 

American Psychiatric Association’s Diagnostic and Statistical Manual of Mental Disorders (latest 

version: DSM-IV-TR, 2000; mostly used in the United States as well as in most clinical studies), 

and the World Health Organization’s International Statistical Classification of Diseases and 

Related Health Problems, the ICD-10 catalogue (1992; mostly used on the European continent). 

Because of the more prevalent use in clinical studies DSM-IV-TR will be focused (see appendix 

9.2 for ICD-10 catalogue of affective disorders).  

DSM-IV-TR (American Psychiatry Association, 2000) has divided depression into two major 

classifications (Fig. 1A). The first is unipolar depression, which is major depressive episode 

(without any history of hypomania or mania) or dysthymia in which patients have two years (one 

in children and adolescents) of depressive symptoms without ever meeting the criteria of major 

depressive episode. The second is bipolar depression, which can be bipolar I depression (history 

of mania), or bipolar II depression (history of hypomania), or cyclothymic depression (alternating 

hypomanic and brief depressive episodes). DSM-IV-TR has also enlisted cross-sectional 

specifiers of major depressive episode (catatonic, melancholic, seasonal, atypical, postpartum) 

and longitudinal specifiers (chronic, seasonal, rapid cycling) (Table 1). Depression is also graded 

on the basis of depression severity (mild, moderate, severe, psychotic). Besides DSM-IV-TR 

classification some subtypes of depression, like depression with anger episodes (Perlis et al., 

2004) or agitated depression (Fava, 2003), have been identified in clinical practice and also 

studied in research settings. 

 

 
 
 
 
 
 
 
 
 
 
 



 Introduction   
 

  -4- 
 

Table 1: Diagnostic criteria for depression according to the revised fourth edition of the 
Diagnostic and Statistical Manual of Mental Disorders (DSM-IV-TR, American Psychiatry 
Association, 2000). 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.2.2 Symptomatology 

The diagnosis of depression is based on the appearance of specific symptoms and behavioural 

alterations that include a change of mood, dominated by sadness or irritability, that is 

accompanied by at least several psychophysiological changes (Akiskal, 2004; DSM-IV-TR, 

American Psychiatric Association, 2000). Additionally, feelings of guilt or low self-worth, 

disturbed sleep or appetite, a loss of interest or pleasure, low energy, disturbances in sexual 

desire, and poor concentration are reported by the patient. These given changes must persist a 

minimum of two weeks and interfere considerably with social and family relations. Depressed 

Atypical                                         Reverse vegetative symptoms (increase of sleep or apetite), leaden 
                                                       paralysis (heavy (tired) feeling in limbs, and interpersonal rejection 
                                                       sensitivity). 
 
Melancholic                           Loss of pleasure, lack of mood reactivity, psychomotor change, 

anorexia; psychosis is common.  
 
Seasonal Affective Disorder          Temporal relationship of depressive  symptoms with specific          
                                                        time and seasons of the year. 
 
Dysthymic Disorder                       Presence of persistent depressive symptoms for one year in children 
                                                        or adolescents and two years for adults. Prominent symptoms can 
                                                        be depressed mood, low energy, low self-esteem, feeling of 
                                                        hopelessness. 
 
Catatonic                                        rare and severe form. Patients show disturbances in motor behaviour 
                                                       and other related symptoms. Patients are mute and almost stuporose. 
 
Postpartum                                     associated with the puerperium. Intense, sustained and sometimes 
                                                       disabling depression exclusively reported by women after giving  
                                                       birth with an incidence rate of 10-15 %. Onset to occur within one 
                                                       month of delivery. Duration of episode up to three months post         
                                                       partum. 

Type                   Key features 
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patients also often lose the ability to experience pleasure in work or with friends and family 

members that results in constipational behaviour (Klein, 1974). These problems can become 

continuing or recurrent and lead to substantial impairments in the individual’s ability to take care 

of his or her everyday responsibilities. Depressed patients often show concurrent suicidal 

tendencies (Inskip et al., 1998; Harris and Barraclough, 1997) and experience crying without a 

given reason (Hastrup et al., 1986). 

 

 

1.2.3 Historical overview 

Although the understanding of depression is, in comparison to other diseases, still relatively poor, 

the clinically relevant symptoms of the disease have been already described ages ago and 

therefore show a long clinical tradition (Lewis, 1936; Compton et al., 2006; Rousseau, 2000). 

Hippocrates was a greek physician who first described a syndrome of melancholia already more 

than 2000 years ago. He termed the disease melancholia based on his hypothesis of a 

dysregulation of body fluids (µελας= black, + χολη= gall). He reported all “fears and 

despondencies, if they last a long time” being symptomatic of the disease (Hippocrates, 

Aphorism, Section 6.23). Although his concept was in line with modern concepts about 

depression, his model was much broader and relatively unspecific. Prominence was given to a 

clustering of symptoms including sadness, dejection, and despondency, often accompanied by 

anger, fear, delusions and obsessions (Radden, 2003). 

The later term depression was derived from the Latin verb deprimere (to “press down”; Online 

Etymology Dictionary, 2008). Since the 19th century the term depression was not mainly 

associated with clinical association of a psychiatric syndrome but also found usage in i.e. 

economic and physiology (Davison, 2006). Therefore melancholia remained the dominant 

diagnostic term for a long time. 

Emil Kraepelin (*1856 - †1926), a German psychiatrist, is supposed to primarily have used the 

term depression referring to different kinds of melancholia as depressive states (Davison, 2006). 

The first documented usage of the term depression as a psychiatric symptom is documented in 

the year 1856 by the French psychiatrist Louis Delasiauve (*1804 - †1893). First listings of 
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depression in medical dictionaries followed by the 1860s to refer to a physiological and 

metaphorical lowering of emotional function (Berrios, 1988). Until the middle of the 19th century, 

women were not diagnosed as depressive due to the view that the disease would affect only men 

of learning and intellectual grandeur, a social consense excluding women at that time. After the 

conceptional re-orientation depression was also associated with women (Berios, 1988; 

Philosophy, Psychiatry, and Psychology, 2003).  

Sigmund Freud (*1856 - †1939) initiated a revolutionary change in the perspective of the disease, 

because he was the first who likened the state of melancholia to lamentation and mourning. He 

hypothesized that objective loss, such as the loss of a valued relationship through death or a 

romantic break-up, results in subjective loss as well. The depressed individual has identified with 

the object of affection through an unconscious, narcisstic process called the “libidinal cathexis of 

the ego” (Freud, 1917). Such loss results in severe melancholic symptoms more profound than 

mourning. Not only the outside world is viewed negatively but the ego itself is compromised 

(Carhart-Harris et al., 2008).  

Finally, the term major depressive disorder or major depression was primed by the American 

Psychiatric Association to denominate the related symptom cluster as a mood disorder in the 

1980 version of the Diagnostic and Statistical Manual of Mental Disorders (DSM-III; American 

Psychiatric Association, 1980).  

 

 

1.2.4 Epidemiology 

Depression is among the top five leading causes of disability and disease burden throughout the 

world (Caspi, 2003) and the leading cause of morbidity in all developed countries (Andrews et 

al., 2005; Ustun et al., 2004). In 2002, depression accounted for 4,5 % of the worldwide total 

burden of disease (in terms of disability-adjusted life years; World Health Statistics, 2007c). By 

the year 2020, depression is projected to reach 2nd place of the ranking of disease burden 

disability-adjusted life years calculated for all ages and both sexes (WHO, 2008). Depression is 

also responsible for the greatest proportion of burden attributable to non-fatal health outcomes, 

accounting for almost 12 % of total years lived with disability worldwide (WHO, 2008). 
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Epidemiological surveys suggest that the prevalence of depression has strongly increased over 

the past few decades among both men and women (Cross-National Collaborative Group, 1992; 

Kessler, 2003). The worldwide prevalence of unipolar depression is 151,2 millions and 29,5 

millions for bipolar affective disorder (WHO, 2008). In Germany depression has the highest 

prevalence of all CNS-related diseases. A point prevalence of 11,3 % in depressive disorders 

(Von Wittchen et al., 2001) and a lifetime-prevalence between 15–18 % has been reported in 

different studies (Wacker et al., 1992; Angst, 1995). Von Wittchen and collegues reported that 

18,7 % of women and 6,4 % of men suffer from a depressive episode through lifetime (Von 

Wittchen, 1994). The investigation of the role of the socioeconomic status revealed a correlation 

with the socioeconomic milieu, the status of employment, and depression (Mirowsky and Ross 

2001; Vinokur et al., 1996; Ostler et al., 2001). Epidemiological reports show that the first onset 

of depression peaks between the ages 18-29 with a later peak between 30-40 years (Von Wittchen 

et al., 1994; Wacker, 2000). Bipolar depressed show a second peak between 40-50 years (Angst 

et al., 1978). Generally about 65 % of all affective disorders are unipolar depression, 30 % are 

bipolar disorders. Only 5 % of all diagnozed affective disorders are manic disorders (Möller et 

al., 2001; Fig. 2A). There are small variations in the data that result from differences in the size 

of the random sample, the used diagnostic criteria and the analysed countries and cultures.  

Although once considered as disorders with good prognosis, mood disorders are more chronic 

than episodic diseases and have a less favorable outcome than previously thought (Manji et al., 

2000; Pittenger and Duman, 2008). Single depressive episodes are found in only 20-30 % of all 

cases, the percentage of recurrent depressive episodes lies between 70 to 80 % with a strong 

correlation between the number of episodes and the risk to suffer from a recurrent episode 

(Kupfer et al., 1991; Fig. 2B). For bipolar depression this ratio is higher. Single episodes are 

found in bipolar patients only in 5 % of all cases, recurrent episodes amount to 95 % (WHO, 

2007c). The mean number of episodes through lifetime is 4-6 for unipolar and 10 for bipolar 

depressed patients (WHO, 2007c). 

The disabling burden of neuropsychiatric conditions is almost the same for males and females, 

but the major contributing causes are different. While depression is the leading cause for both, 

males and females, the burden of depression is 50 % higher for women (WHO, 2007c). This 
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finding of a higher prevalence of depression among women is one of the most profound findings 

in psychiatric epidemiology (Weissman and Klerman, 1977; Nolen-Hoeksema, 2001; Kessler, 

2003) that has been reported throughout the world using a variety of diagnostic schemes and 

interview methods (for a review see Nolen-Hoeksema, 1987). In contrast to unipolar depression, 

no meaningful gender differences have been found in the prevalence of mania neither in 

epidemiological surveys (Kessler et al., 1998) nor in clinical studies (Goodwin and Jamison, 

1990). Mental disorders are an important source of lost healthy life years for women aged 15–44 

years (WHO, 2008). Surveys of depression have shown that among children and adolescents 

gender differences first emerge in the age range of 11-14 (Angold et al., 1998). The function of 

sex hormones in the high prevalence of depression has become of central interest especially as 

many women report changes in depressed mood associated with other experiences that cause 

changes in levels of sex hormones, such as menopause (Hunter et al., 1986), use of hormone 

replacement therapy (Zweifel and O’Brien, 1997) and use of oral contraceptives (Cullberg, 

1972). Systematic reviews failed to find that rates of depression are associated with any of these 

conditions (Yonkers et al., 2000). The only case where rates of depression increase substantially 

is during the post-partum period (Wisner et al., 1993; Gotlib et al., 1989). But even here, the 

cases are atypical in the sense that a much higher proportion of postpartum first onset than other 

first onsets occur to women with a strong family history of depression (Sichel, 2000). 

Depression can be reliably diagnosed in primary care, but fewer than 25 % of those affected (in 

some countries fewer than 10 %) receive treatment (WHO, 2007c). Barriers to effective care 

include the lack of resources, lack of trained providers, and the social stigma associated with 

mental disorders, especially depression. Antidepressant medications and brief, structured forms 

of psychotherapy are effective for 60-80 % and can be delivered in primary care (WHO, 2008). A 

clinical problem is highlighted by the epidemiological finding that within six months after 

clinical release, 60-70 % of the depressed patients show a relapse (Ramana et al., 1995; Fig. 2C). 

This finding becomes a special field of attention because depression dramatically increases the 

suicidal risk. About 10-15 % of depressed patients commit suizide (WHO, 2007c). Depression is 

the leading cause of suizide among young adult women with an estimated rate of 850.000 lost 

lifes per year (WHO, 2007c). 
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(A)                (B) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(C) 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

1.2.5 Etiopathogenetic theories of depression 

The precise cause and the underlying biological mechanisms for the onset of depression are still 

not fully understood. Although it is clear that depression is a disease related to the brain, 

empirical data from a variety of research fields provide the view that depression is not related to 

one distinct factor but results from many different causes. These causes include biological, 

Fig. 2: (A) Epidemiological data of 
affective disorders. (B) Relapse 
propability and (C) survival curve to 
depression. 
(A) Percentages and gender-specific 
distribution of the main affective disorders 
(from Möller et al., 2001). (B) Depression is 
more a chronic than an episodic disorder. After 
the first depressive episode the probability to 
relapse strongly increases (from Kupfer, 1991). 
(C) Survival curve to remission (from Ramana 
et al., 1995).  
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psychosocial, psychological, hereditary and evolutional factors as represented by Engel’s 

biopsychosocial model (Engel, 1977). 

One of the first explanational theories was given by Beck, entitled as “the cognitive theory of 

depression” (Beck et al., 1979). Beck’s theory focused the negative perception and interpretation 

tendency that dominates the schemes about oneself, the environment and the future, as a core 

problem in depressed patients. It includes the idea that a temporary stabil, mental scheme leads to 

the manifestation of negative, automatically activated thoughts that are initiated after the 

occurrence of a stressful life event or an emotionally affecting situation. Following this idea, 

stress might activate depression-specific cognitive alterations by specific or unspecific stress 

(Van Praag, 2004). This results in the integration into a lump sum of single negative events into a 

generalized negative way of thinking.  

Another important aspect is the behavioural alteration in depression termed as “learned 

helplessness” (Seligman, 1975). It is characterized by the impairment of mood, isolation, retreat 

behaviour, helplessness and diminished learning that can finally trigger psychosomatic disorders.  

Modern insights on depression have led to the concept of a dysregulation in neurotransmitter 

systems in the brain (Siever and Davis, 1985; Gold and Chrousos, 1985; Ressler and Nemeroff, 

2000; Mayberg, 1997; Swaab and Lucassen, 2005). The “monoamine hypothesis“ is based on the 

theory that some types of depression are associated with a relative deficit of katecholamines (e.g. 

serotonin,  norepinephrin) and their metabolites within the central nervous system (Schildkraut, 

1965). Interestingly, in contrast to depression mania is supposed to be associated with a relative 

excess supply of katecholamines (Schildkraut, 1965; Bunney, 1965). The serotonergic and the 

noradrenergic systems have their origin deep in the brain stem and spread out over almost the 

whole organ (Molliver, 1987; Nieuwenhuys et al., 2007). These developmental findings linked 

these two systems towards a modulatory effect on brain areas of thinking, feeling and behaviour 

(Rothbart et al., 1994). The role of the katecholamines in neurotransmission was elicited when it 

was clear that antidepressant medication blocks the reuptake of norepinephrine and serotonin by 

special neurotransmitter reuptake transporters at the presynaptic neuron (Nestler et al., 2002). The 

immediate effect of the antidepressant medication is to increase the synaptic availability of 

norepinephrine and serotonin and therefore to increase neuronal stimulation at the postsynaptic 
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neuron (Belmaker et al., 2008). Later findings pointed towards a regulatory effect on the gene 

expression levels in neurons based on second-messenger pathways (Nestler, 2002; Duman et al., 

1997; Goldapple et al., 2004; Duman et al., 1999). These delayed effects of antidepressant 

medication via the cAMP/CREB pathway are in line with the observations of a delayed 

improvement in depressive symptom severity during antidepressant therapy (Nestler and Duman, 

2001). The monoamine hypothesis has been under intensive investigation and a variety of data 

confirm the role of katecholamins in depression (for a review see Wong and Licinio, 2001). The 

amino acid tryptophan is rate-limiting for the synthesis of serotonin (Leathwood, 1987). Ruhé 

and collegues demonstrated by the administration of oral tryptophan-free nutrition that 

depression could not be triggered in healthy controls but a relapse could be provoked in 

depressed patients who have been successfully treated with SSRIs (selective serotonin reuptake 

inhibitors), a special class of antidepresant drugs (Ruhé  et al., 2007). Additionally, they observed 

that a rapid and transient depletion of tryptophan caused a brief depressive relapse in most 

patients successfully treated with and taking selective serotonin reuptake inhibitors, but little 

change in drug-free, symptomatic depressed patients. 

 

 

1.2.6 Pathogenetic findings and their possible role in the development of depression 

Both research and clinical work have led to the consensus that depression is not based on one 

specific cause but rather results from a combination of genetic, biochemical, environmental, 

immunological and psychological factors (Mössner et al., 2007; Fig. 3). An introduction to 

selected topics about biological alterations in acute depression that have been under intensified 

investigation over the past decade will be given.  
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Fig. 3: Biological alterations in depression.  
Functions and neuroplasticity of the nervous system are influenced by environmental and genetic factors 
during neurodevelopment or later in life. They are also modulated by immune- and endocrine-cascades 
associated with the pathophysiology of depression. Nervous, immune and endocrine systems have 
feedback regulations and are linked to each other. Interdisciplinary work by combining differenct aspects 
of depression-associated somatic and/or cognitive alterations has been postulated to elaborate new insights 
into depression. These might be used to identify new candidates for biomarkers of the disease. Li, limbic 
areas; ↑increase; ↓decrease; s: serum; c: CSF; sa: saliva; l: lymphocytes; b: blood; t: thrombocytes; CBF: 
cerebral blood flow; MAO-A: monoamino oxydase type A; IFN-gamma: interferon-gamma; PGE-2: 
prostaglandine E2; BDNF: brain-derived neurotrophic factor; NE: norepinephrine; DA: dopamine; 5-HT: 
serotonin; CREB: cAMP response element binding-protein (from Mössner et al., 2007). 
 

 

The brain is influenced by two different factors. Firstly, the genetic information for 

neurodevelepment and secondly, the environment for neuroplasticity and neurodevelopmental 
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influences on the brain (Mössner, 2007). Most research on risk factors of depression has focused 

on the predictors of first-episode onset of depression. A number of consistently observed, 

significant risk factors including family history, childhood adversity, various aspects of 

personality, social isolation, and exposure to stressful life events (for a review see Kessler et al., 

1997a) have been reported. Selected insights in neurodevelopment and environmental factors that 

have been shown to possess strong influence capabilities on the developing brain and the onset of 

depression will be summarized in the following chapters. 

 

 

1.2.6.1 Neurodevelopment and trauma-induced neuroplasticity effects 

Although the majority of neurons insist by birth most of the cells are not differentiated and have 

to finish orientation and migration processes (Ayala et al., 2007; Tau and Peterson, 2010). 

Fundamental litigations including myelinization, cell migration, axo-dendritic projection, 

synaptogenesis and neurochemical differentiation occur within the first three years following 

birth (Perry, 1993). These specialization and differentiation processes are guided and controlled 

by chemical microenvironmental stimuli (Ayala et al. 2007). The microenvironmental history of 

each neuronal cell determines its unique structure, biochemistry and function. Additionally these 

factors imply i.e. the specific pattern of exposure, timing and quantity of the microenvironmental 

stimuli. The factors itself consist of receptor-mediated signals from neurotransmitters and 

hormones, which act as morphogens (Mössner et al., 2007). Neurodevelopment is a very 

sensitive process and the developing brain is a sensitive system highly exposed to exogenic 

effects that can cause developmental disturbances (Meyer et al., 2006; O’Donnell et al., 2009). 

One system essentiell for brain organization is the stress-response system (Perry and Pollard, 

1998). The involved set of adaptive physiological responses to real or adaptive danger is well-

characterized and involves a series of complex, interactive neurophysiological reactions in the 

central nervous system, the autonomous nervous system, the hypothalamic-pituitary-

adrenocortical axis and the immune system (Black 1994; Reiche et al., 2004; Wrona, 2006). The 

neurophysiological activation related to acute, transient stress is rapid and reversible, but if the 

stressful event is of sufficient duration, intensity or frequency, the brain is altered and 
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neuroplasticity and neuromodulatory effects, i.e. stress-induced sensitization, can result (Meyer et 

al., 2006; O’Donnell et al., 2009). The precise underlying mechanisms are not clearly understood 

but research has linked these observations to molecular processes also involved in learning and 

memory (Gazzaniga, 2004). The stressful experiences then alter the microenvironmental milieu 

of the CNS that results in altered gene expression (Perry, 1993; Schwarz and Perry, 1994). The 

new gene products may then result in persistent structural changes which are associated with 

further effects like learning, memory, sensitization, and/or differentiation.  

In addition to their role in intercellular communication, neurotransmitters play an important role 

in the basic neurodevelopmental processes in the developing brain (Lauder, 1988). It has been 

postulated that brain development is modified by trauma-related alterations in catecholamine 

activity during childhood, resulting in changes of the functional capabilities of the traumatized 

brain (Perry, 1993). Provence and collegues have postulated that the brain functions associated 

with mental health including attachment, affect modulation, anxiety regulation, and behavioural 

impulsiveness, might show sensitive periods for trauma and external stressors (Provence et al., 

1983). These sensitive periods for the stress response in the brain occur when the stress-

mediating catecholamine systems are undergoing processes like migration, synaptogenesis, 

neurogenesis, and neurochemical differentiation (Perry, 1993). Interestingly, findings have 

pointed towards the role of this model in psychiatric disorders. Rutter reported that increased 

psychiatric symptoms and disorders are found in adults who have experienced severe, 

unpredictable early life stressors (Rutter, 1984). Other studies have highlighted an association 

between developmental trauma and depressive disorders (Kaufman, 1991; Perry, 1993) and a 

variety of other medical and psychiatric conditions. Gale and Martyn suggested that impaired 

neurodevelopment during foetal life may increase susceptibility to depression (Gale and Martyn, 

2004). In conclusion, developmental stress is a major expressor of any underlying constitutional 

or genetic vulnerability. Therefore developmental stress may be the primary etiological factor in 

the development of certain neuropsychiatric disorders.  
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1.2.6.2   Environmental factors and stress 

Stressful life events like trauma, loss of a relative or friend, or any stressful situation, may trigger 

a depressive episode (Kessler, 1997a). In contrast, subsequent depressive episodes may occur 

with or without an obvious trigger. A large body of evidence has pointed out the associaton 

between stressful life events and the development or aggravation of depression (Kessler, 1997a; 

Kendler et al., 1998). 

Recent studies from morphometry and post-mortem studies suggest that stress-induced atrophy 

and loss of hippocampal neurons may contribute to the pathophysiology of depression (Duman, 

2002; Stockmeier et al., 2003; Fig. 4A). Morphological changes seen in acute depressed are not 

global effects but locally distributed. Volume reduction has been found in the basal ganglia, the 

cerebellum, and the amygdala-hippocampus-formation, the functional areas that correlate with 

the symptoms in acute depression (Drevets, 2001). Main areas of structural and functional 

disturbances lie within the anterior limbic system with dorsal and ventral prefrontal cortex, the 

basal ganglia, the amygdala-hippocampus-formation and the thalamus (Drevets, 2001; Braus, 

2007). 

The hypothesis about the hyperactivation of the HPA axis has led to the idea that glucocorticoids 

including cortisol have a neurotoxic effect (Sapolsky, 1996; Goodyer and Park, 2001). Chronic 

stress results in a permanent increase of cortisol release into the blood (Heim et al., 2000; Tsigos 

and Chrousos, 2002). At the cellular level, evidence has emerged indicating neuronal atrophy and 

cell loss in response to stress in depression (Duman, 2000). At the molecular level it has been 

suggested that the cellular deficiencies result from decreased expression of BDNF (brain-derived 

neurotrophic factor) associated with elevation of glucocorticoids (Garcia, 2002). Hippocampal 

synaptic connectivity is downregulated by high levels of glucocorticoids whereas the 

connectivity in the hippocampus is upregulated by an increase in BDNF expression (Garcia, 

2002). Alterations in hippocampal neurogenesis are fundamental to the clinical syndrome of 

depression (Jacobs et al., 2000; Manev et al., 2001; D’Sa and Duman, 2002; Kempermann, 

2002). A significant volume reduction in both the hippocampus and the amygdala has been 

described in depressed patients (Bremner et al., 2000; Sheline et al., 2003). Hippocampal neurons 

are specially targeted by cortisol because these cells express higher densities of 
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mineralocorticoid- and glucocorticoid receptors (McEwen et al., 1997; 1998; Lupien et al., 1998). 

Several age-related diseases are observed following excessive glucocorticoid exposure and 

include muscle atrophy (Salehian and Kejriwal, 1999), osteoporosis (Tamura et al., 2004), type II 

diabetes and major depression (Lee et al., 2002; Juruena et al., 2003). This finding is in line with 

cortisol-associated immnosuppressive effects in depression and the elevated risk to suffer from 

comorbidities in mood disorders (O’Brien, 2006). 

 

 

1.2.6.2.1   The hypothalamic-pituitary-adrenocortical axis: an introduction 

Stress is perceived by the cortex and transmitted to the hypothalamus. Here, corticotropin-

releasing hormone CRH is released onto pituitary receptors. CRH receptor binding results in the 

secretion of corticotropin into the plasma, stimulation of corticotropin receptors in the adrenal 

cortex, and release of cortisol into the blood. CRH and vasopressin both promote 

adrenocorticotropin hormone ACTH release from the pituitary, which causes in the following 

cortisol release from the adrenals (Holsboer, 1999). Hypothalamic cortisol receptors respond by 

decreasing CRH production to maintain homeostasis (Belmaker, 2008).  

Although the precise way is known how the HPA axis is activated, the precise mechanism how 

psychophysiological stress gets “under the skin” remains incompletely understood (Evers, 2010). 

Research has focused on the influence of stress and the resulting hypercorticoid levels due to 

hyperactivation of the hypothalamic-pituitary-adrenocortical axis. 

 

 

1.2.6.2.2  The hypothalamic-pituitary-adrenocortical axis and depression 

First reports of endocrinopathological relations of stress to depression were first reported in the 

1950s by the association of hypercortisolism with the onset of the disease (Selye and Fortier, 

1950). Later findings reported a dysregulation of both the hypothalamic-pituitary-adrenocortical 

axis (Fig. 4B) and the hypothalamus-pituitary-thyroid axis (Gold et al., 1988; Musselman and 

Nemeroff, 1996; Jackson, 1998; Maes, 1999;). Experiments demonstrated that the administration 

of ACTH leads to a reduction of attention (Born et al., 1985), and cortisol administation results in 
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reduced memory functions (Newcomer et al., 1999). Further, it has been hypothezised that 

genetic determinants contribute to HPA hyperactivation effects (Van Rossum and Lamberts, 

2004). Today depression is concepturelized as a dysregulated activation of the generalized stress 

response (Chrousos, 1998; Raison and Miller, 2003) that under chronic activation can result in 

long-term biological damage (McEwen, 2003). Various studies have pointed out the role of 

cortisol and its central releasing factor CRH in depression (Merali et al., 2004; MacMaster et al., 

2006). Depressed patients show an elevated cortisol plasma level (Gold et al., 1988; Burke et al., 

2005), elevated CRH levels in cerebrospinal fluid and increased levels of both CRH mRNA and 

protein in limbic brain regions (Merali et al., 2004). Studies testing the usage of cortisol as a 

biological marker of depression and therefore as a diagnostic marker have been disappointing due 

to the fact that cortisol level varies during the nyctameral cycle (Gold et al., 1988; Burke et al., 

2005; Fig. 4C). 

Counterstanding to the consensus that neurons do not divide in the adult mammalian brain studies 

have shown that neurogenesis in the adult does occur, especially in the hippocampus (Erikssen et 

al., 1998; Van Praag, 2002). The decreased size of hippocampus on magnetic resonance brain 

images of depressed patients have been linked to the increased levels of glucocorticoids and their 

effects on reducing neurogenesis (MacQueen et al., 2003). Interestingly, increased levels of 

monoamines at the synapse affect the HPA axis and reverse some of the long-term effects of 

stress (Holsboer, 2000). This observation has led to the idea that antidepressants act on 

depression by reducing  “secondary stress“ caused by a painfully dispirited mood rather than by 

directly elevating mood (Belmaker and Agam, 2008). 
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Fig. 4: Cortisol-related physiological alterations and their role in the development of 
depression. 
(A) Histopathological image of stress-induced cell loss in the hippocampus in depression. The neurotoxic 
effect of cortisol induces volumetric changes in different brain areas of the limbic systems. These 
morphometric changes are related to the functional impairments seen in depression, e.g. impaired memory 
functions (from Stockmeier et al., 2004). (B) Schematic representation of stress-associated 
hypercortisolism and its effect on the HPA axis (from Holsboer, 1999). GC: glucocorticoid receptors; MR: 
mineralocorticoid receptors; CRH: Corticotropin-releasing hormone; AVP: Arginine vasopressin; POMC: 
Proopiomelanocortin; ACTH: Adrenocorticotropic hormone. (C) Circadian distribution of cortisol in acute 
depressed patients pointed towards an association between depression and hypercortisolism (from Gold et 
al., 1988).  
 

 

1.2.6.3 Genetic risk factors 

Genetic studies and twin research have demonstrated that some types of depression tend to run in 

(A) (B) 

(C) 



 Introduction   
 

  -19- 
 

families and the prevalence is higher in subjects with depressed first-grade relatives than for 

subjects without depressed family members (for a review see Sullivan et al., 2000). However, 

depression can occur in people without family histories of depression as well (Tsuang and 

Faraone, 1990). Mono- and dicygotic twin studies by the groups of Kendler and Bertelson 

indicated that there is a strong genetic influence on the onset for both unipolar (Kendler et al., 

1992; 1993) and bipolar disorders (Bertelson et al., 1977).  

Today a variety of possible gene loci candidates have been linked to affective disorders (Schosser 

et al., 2006). Genetic association studies to identify possible vulneravility genes for depression 

have focused on functional gene candidates including the genes of the 5-HTT (serotonin-

transporter; Charney and Manji, 2004), 5-HT2a (serotonin receptor 2a; Cook et al., 1994), TH 

(tyrosin hydroxylase; limiting enzyme for the synthesis of dopamin; Masserano and Weiner, 

1983), TPH1 (tryptophan hydroxylase 1; serotonin synthesis; Wang et al., 2002) and COMT 

(catechol-o-methyl transferase; dopamin catabolism; Grossman et al., 1992). Research indicates 

that the risk for depression results from the influence of not a single but multiple genes, and these 

genes act together with environmental or other factors (Tsuang et al., 2004). One candidate gene 

that has been recently under intensive investigation is the gene 5-HTT. 

 

 

1.2.6.3.1 The serotonin transporter polymorphism and its effect on serotonergic  

   neurotransmission 

Evidence from neuroimaging, pharmacological, postmortem and genetic studies indicate that the 

pathophysiology of major depression is related to altered serotonergic function. Serotonergic 

neurons are located in the raphe nuclei within the brain stem (Törk, 1990). The cells use the 

amino acid tryptophane to generate serotonin (5-hydroxytryptophan or 5-HT) and spread the 

neurotransmitter all over the brain. Serotonin is concentrated in some distinct brain regions, 

especially the frontal cortex, the area of the brain mainly responsible for the processing of 

negative affect, and the mesotemporal cortex including the amygdala (Seeman et al., 1980).  

The serotonin transporter plays a critical role in the serotonergic neurotransmission. It has a 

decisive influence on the availability of serotonin in the synaptic cleft (Lesch et al., 1994; Fig. 
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5A). The serotonin transporter is the major determinant of serotonin inactivation following its 

release at synapses and it is the site of action of most antidepressant drugs. The variance of the 5-

HTT functionality is based on the polymorphism in the promotor region (5-HTTLPR) of the gene 

(Caspi et al., 2003; Glatz et al., 2003; Fig. 5B). Two different allels, termed s- (short) and l-(long) 

allel, have been found (Heils et al., 1995). 5-HTTLPR affects the promotor of the serotonin-

transporter gene, resulting in a decreased density of  5-HTT at the presynaptic membrane. This 

causes a reduction of the serotonin-reuptake into the presynaptic cell (Lesch et al., 1996). Genetic 

studies have linked this polymorphism to a predispositional factor to depression, whereas other 

studies have linked this gene to an anxious and pessimistic personality (Lesch et al., 1996). 

Findings from functional neuroimaging report differences in emotion-related areas of the brain 

among carriers of the different polymorphisms of 5-HTTLPR (Pezawas et al., 2005).  

Carriers (both homo- and heterocygotic) of the s-allel have an increased risk for depression 

(Lesch et al., 1996). Post-mortem histochemical studies and in vivo neuroimaging reported 

abnormalities of 5-HTT binding in unipolar and bipolar depression (Stockmeier et al., 2003). 

Whether 5-HTT binding or receptor density differs between unipolar and bipolar of depression 

has not been established. 

In addition, not only the 5-HTTLPR but also different serotonin-receptor subtypes show an 

influence on the serotonergic neurotransmission. For example, 5-HT1a functions as a presynaptic 

autoreceptor that modulates the serotonin release into the synaptic cleft (David et al., 2005), 5-

HT2a is located on the postsynaptic membrane (Fig. 5A). The distribution of the different 

serotonin receptors are tissue specific and relatively little is known about their distribution 

differences and their impact on the serotonergic neurotransmission.  
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Fig. 5: (A) Serotonergic neurotransmission and the neuroregulatory function of selective 
serotonin reuptake inhibitors at the synapse. (B) Schematic representation of the serotonin-
transporter polymorphism. 
(A) Presynaptic stimulation triggers vesicles to release 5-HT into thy synaptic cleft. 5-HT binds to 
different types of 5-HT receptors at the postsynaptic membranee. The serotonergic action is regulated by 
two different mechanisms: (i) the 5-HT binding-affinity of different receptor subtypes regulates the 
synaptic stimulation, (ii) the second mechanism involves the 5-HT reuptake transporters (5-HTT). This 
mechanism is targeted by SSRIs (selective serotonin reuptake inhibitors) that block the 5-HTTs and cause 
a prolonged 5-HT availability at the synapse. (B) Schematic representation of 5-HTTLPR. The VNTR 
(variable number of tandem repeats) in the promotor region of the short-allele leads to a decreased 
transcription resulting in a lower availability of 5-HTT at the presynaptic membrane (from Glatz et al., 
2003).  
 

 

1.2.6.4   Neuroimaging findings 

Research indicates that depression is mainly a disorder of the brain and many approaches in 

neuroimaging techniques have revealed new findings related to functional abnormalities in brain 

regions responsible for regulating e.g. mood, behavior, thinking, sleep, and appetite (Nestler, 

2002). The most prominent neuroimaging findings from positron emission tomography, Voxel-

based morphometry and functional magnetic resonance imaging will be summarized. 

 

 

1.2.6.4.1   Positron emission tomography 

Positron emission tomography is a neuroimaging technique which generates a three-dimensional 

real-time image of physiological processes in the body (for a detailed introduction see Walker et 

(A) (B) 
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al., 2004). In general, studies have reported altered resting regional brain glucose metabolism in 

depression (Davidson et al., 1999; Videbech, 2000). Studies focusing specific target areas of the 

affected brain have demonstrated multiple focal abnormalities of cerebral blood flow and glucose 

metabolism in limbic structures and the prefrontal cortex (Bench, 1992; Drevets, 1997). These 

abnormalities implicate limbic-thalamic-cortical and limbic-cortical-striatal-pallidal-thalamic 

circuits, involving the amygdala, the orbital and medial prefrontal cortex, and anatomically 

related parts of the striatum and thalamus in the pathophysiology of major depression (Drevets et 

al., 2001). In medication-naive depressed patients regional cerebral blood flow and metabolism 

are consistently increased in e.g. the amygdala, the orbital cortex, and the medial thalamus 

(Drevets et al., 2001; Rauch et al., 2003). A decrease of cerebral blood flow has been found in the 

dorsomedial/dorsal anterolateral prefrontal cortex and the anterior cingulate cortex ventral to the 

genus of the corpus callosum (subgenual PFC) in comparison to healthy controls (Drevets, 2001; 

Manji et al., 2001).  

 

 

1.2.6.4.2   Voxel-based morphometry  

The Voxel-based morphometry technique allows to virtually subdivide the brain into three-

dimensional Voxel-clusters. These clusters are used to perform a Voxel-by-Voxel comparison 

and to identify volumetric alterations associated with a variety of diseases (for a review on VBM 

see Ashburner and Friston, 2000). In depression, Voxel-based morphometry studies have 

demonstrated reduced gray-matter volumes in areas of the orbital and medial prefrontal cortex, 

the amygdala, the hippocampus and the ventral striatum (Drevets, 2003). Also an enlargement of 

the third ventricle in individuals with mood disorders has been reported (Drevets, 2001).  

Cerebral asymmetry and structural alteration of depressed brains have further been described for 

the subgenual parts of the cingulum, the basal ganglia, the cerebellum, the amygdala-

hippocampus formation and the frontal lobe (Braus, 2007). The frontal lobe is functionally 

related to limbic areas like the hippocampus-amygdala formation and the rostral anterior 

cingulum (Campbell and McQueen, 2004).  

In recent times two brain areas, namely the prefrontal cortex (PFC) and the hippocampus, were in 
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the limelight of depression research firstly because the PFC may be involved in stress-mediated 

neurotoxicity due to the observation that stress alters PFC functions and glucocorticoid receptors 

(Drevets et al., 2001). Secondly, direct interconnections between the PFC and the hippocampus 

have been reported (Miller, 2000). The observed cell loss and the resulting impairment in 

hippocampal functioning are found both in single- and multiple-episode depressed patients 

(Campbell and McQueen, 2004; MacQueen et al., 2005). Interestingly, only depressed subjects 

with multiple depressive episodes have hippocampal volume reductions with an association 

between illness duration and hippocampal volume (MacQueen et al., 2003). These reductions in 

hippocampal volume may not predate illness onset, but volume may decrease at the greatest rate 

in the early years after illness onset (MacQueen et al., 2005).  

Remitted depressed patients have smaller hippocampal volumes bilaterally than healthy controls. 

They also show smaller amygdala core nuclei volumes, and these volumes correlate with the 

hippocampal volumes (MacQueen et al., 2003). In relation to this finding, post-depressives score 

lower in verbal memory, a neuropsychological measure of hippocampal function, suggesting that 

the volume loss is related to an aspect of cognitive functioning (Sheline et al., 1999). Hsieh and 

collegues reported that depressed patients with small right-sided and total hippocampal volumes 

were less likely to achieve remission (Hsieh et al., 2002). Summarizing these findings, it can be 

hypothesized that repeated stress during recurrent depressive episodes may result in cumulative 

hippocampal injury as reflected in volume loss (Sheline et al., 1999).  

Another brain area of interest that is affected by depression is the subgenual cingulum. The 

subgenual cingulum is also significant for the understanding of the neurobiology of depression 

because it is associated with dysfunction and cellular alterations in depression (Johansen-Berg et 

al., 2008). The subgenual cingulum and the amygdala form a close neuroanatomical relation and 

merge to a neuronal unit (Pezawas et al., 2005). In acute depression the subgenual cingulum is 

characterized by alternated functioning induced by sad mood (D'haenen et al., 2002). Further it 

shows a normalization in functioning under the usage of SSRIs and sleep deprivation and it has a 

weak influence on the amygdala. The functional polymorphism in the serotonin transporter gene 

(5-HTTLPR; see Fig. 5B) has a strong influence on the connectivity between the subgenual 

cingulum and the amygdala. The s-allel causes a reducted communication between these two 
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units, resulting in a missing inhibition of the amygdala by the supragenual cingulum (Pezawas et 

al., 2005). The amygdala hyperactivity causes a generalized increase in fearful temperamental 

character traits (Pezawas et al., 2005). 

 

 

1.2.6.4.3   Functional magnetic resonance imaging 

Functional neuroimaging is based on the BOLD effect (blood oxygen level dependency, for a 

review see Li et al., 2009) which allows to track neuronal activation by the assesment of focal 

oxygen level changes in blood. The functional characterization, in conformity with morphometric 

findings in the depressed nervous system, revealed attenuated ATP concentrations in the frontal 

lobe (Moretti et al., 2003). Additionally, functional alterations were found in the emotionally 

relevant circuitries of the brain most prominently shown for the frontal lobe, the hippocampus-

amygdala formation, and the basal ganglia (Pezawas et al., 2005). The increase of activation in 

evolutionary old, limbic areas of the brain seems to be associated with the perception of negative 

bias, a profound alteration in depression. Also the observed hyperactivity of the hippocampus-

amygdala formation and the ventromedial prefrontal area seem to be associated with the 

dimension of negative affect (Pezawas et al., 2005). These findings could be a possible 

explanation for the tendency of acute depressed to tend towards negative cognition. 

In contrast, relatively young evolutionary regions of the brain related to functionally higher 

cognitive processes like evaluation or attention, seem to be temporarilly decreased in sadness 

(Canli et al., 2004). Depressed patients might induce emotions by autobiographical memory 

protocols that lead to an abnormal activation pattern in the basal and lateral parts of the frontal 

lobe (Williams and Scott, 1988). Depressed show an activation decrease of orbitofrontal areas for 

sad memories whereas healthy controls show an activation increase of the subgenual gyrus 

cinguli and a decreased activation of dorsolateral prefrontal areas (Canli et al., 2004). Functional 

imaging further provides evidence that depression is associated with the activation of regions that 

putatively mediate emotional and stress response (i.e. amygdala), whereas areas that appear to 

inhibit emotional expression (i.e. posterior orbital cortex) contain histological anormalies that 

may interfere with the modulation of emotional or stress responses (Drevets, 2001). Further 
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studies have demonstrated that in major depression the elevation of cerebral blood flow and 

metabolism in the amygdala is positively correlated with depression severity, consistent with the 

structure’s role in organizing the autonomic, neuroendocrine, and behavioural manifestations of 

some types of emotional responses (Drevets, 2002). Depressed patients also show a temporary 

shift towards a higher latency in the evaluation time of the amygdala for emotionally negative 

stimuli (Williams et al., 2007). This finding might by a correlate of cogitation in these patients.  

 

 

1.2.6.5   Postmortem findings 

Depression has been traditionally conceptualized as a neurochemical disorder that is associated 

with impairments in structural plasticity (Manji et al., 2003). Complementary to the 

neuroimaging findings, postmortem neuropathological studies have demonstrated abnormal 

reductions in cortex volume and glial and neuronal size ratio, cell counts, or both, in the 

subgenual prefrontal cortex, the orbital cortex, the dorsal anterolateral prefrontal cortex, the 

hippocampus and the amygdala (Ongur et al., 1998; Rajkowska, 2000; Manji et al., 2003). It is 

not known whether these deficits constitute developmental abnormalities that may confer 

vulnerability to abnormal mood episodes, compensatory changes to other pathogenic processes, 

or the sequelae of recurrent affective episodes per se (Drevets, 2001). Nevertheless, the marked 

reduction in glial cells in these regions has been particularly challenging. Growing insights 

highlight that glial cells play a criticial role not only in regulating synaptic glutamate 

concentrations and central nervous system energy homeostasis, but also in releasing trophic 

factors that participate in the development and maintenance of synaptic networks formed by 

neuronal and glial processes (Coyle and Schwarcz, 2000; Ullian et al., 2001). Abnormalities of 

glial functioning could provide new insights into the impairment of structural plasticity and 

overall pathophysiology of depression. One protein that has been recently in focus of research is 

the glial S100B protein, which has been reported elevated in acute depression.  
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1.2.6.6   The neuroprotective glial protein S100B 

1.2.6.6.1   S100B: an introduction 

The S100 proteins belong to the family of Ca2+-binding proteins found in the central and the 

peripheral nervous system. They are 10–12 kDa in size and form homo- and heterodimers. The 

monomer consists of two helix-loop-helix (EF-hand) motifs connected by a central hinge region 

(Heizman et al., 2002; Fritz and Heizmann, 2004). Common to all EF-hand proteins the C-

terminal EF-hand contains the canonical, highly conserved Ca2+-binding loop. The N-terminal 

EF-hand consists of 14 amino acids and is characteristic for S100 proteins. S100 proteins show 

different degrees of homology, ranging from 25 to 65 % identity at the amino acid level. 

Generally, the dimeric S100 proteins bind four Ca2+ ions per dimer, but the binding of ions is not 

restricted to Ca2+. Several S100 proteins also bind Zn2+ with a wide range of affinities and some 

other forms bind Cu2+. Summarizing the binding affinities, S100 protein–target interactions and 

cellular functions may be triggered by Ca2+, Zn2+, and Cu2+ and their availability (Heizmann and 

Cox, 1998). S100 proteins influence various cellular responses along the calcium-signal 

transduction pathway (Raponi et al., 2007; Donato, 2001; Santamaria-Kisiel et al., 2006; Schäfer 

and Heizmann, 1996; Schroeter et al., 2003). 

The S100B protein is the most commonly occuring member of this family within the central 

nervous system. It accounts for about 96 % of the total S100 in the human brain (Gattaz et al., 

2000). The S100B protein is produced and secreted by astrocytes, and exerts paracrine and 

autocrine effects on neurons and glia cells (Steiner et al., 2007; Pinto et al., 2000; Donato, 2001). 

It acts intracellularly as a stimulator of cell proliferation and migration and as an inhibitor of 

apoptosis and differentiation, which might have important implications during brain development 

and repair, activation of astrocytes in the course of brain damage, and neurodegenerative 

processes. It is also involved in cardiomyocyte remodelling after infarction, as well as in 

melanomagenesis and gliomagenesis (Donato et al., 2009). Among others S100B regulates 

intracellular signal transduction, intercellular communication, energy metabolism, cell shape, 

contraction and cell growth (Zimmer et al., 1995). Cell culture studies and animal experiments 

demonstrated that the physiological response of extracellular S100B depends on its concentration 

(Schäfer and Heizmann, 1996; Rothermundt et al., 2003; Schmitt et al., 2007). In nanomolar 
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concentrations S100B acts as a growth and differentiation factor for neurons and astrocytes. In 

micromolar concentrations, as found in patients with Alzheimer’s disease, S100B exerts 

neurotoxic activity and induces the apoptosis of neurons and astrocytes (Huttunen et al., 2000).  

 

 

1.2.6.6.2   S100B in pathology 

Several human diseases are associated with a dysregulation of S100B gene expression (Heizmann 

et al., 2002). This finding has made individual S100 proteins worthful diagnostic markers for 

processes such as inflammation and wound healing (Heizmann, 2004). Furthermore, some S100 

proteins including S100B are even secreted from cells exhibiting extracellular, cytokine-like 

activities partially via the surface receptor for advanced glycation end products with paracrine 

effects on neurons (Hofmann et al., 1999; Schmidt et al., 2001). As an extracellular factor, S100B 

engages RAGE (receptor for advanced glycation end products) in a variety of cell types with 

different outcomes (i.e. beneficial or detrimental), depending on the concentration attained by the 

protein, the cell type and the microenvironment (i.e. the stimulation of the expression of 

proinflammatory cytokines in the cerebral immune system; Donato et al., 2009). S100 protein 

concentrations measured in body fluids may be composed of S100 proteins released from 

damaged cells as well as S100 proteins secreted under pathologic conditions (Heizmann, 2004). 

S100B was the first member of the S100 protein family to be measured in various body fluids to 

test its usefulness as a marker of brain damage in children and adults (for a review, see Michetti 

& Gazzolo, 2002). S100B concentrations correlated well with the extent of brain damage 

occurring in neurodegenerative disorders, traumatic or focal insults, or during open heart-surgery 

(Gazzolo et al., 2003). Several studies investigated its role as a marker of neuronal injury, 

possibly involving reactive gliosis, astrocytic death and/ or blood-brain-barrier dysfunction. 

Accordingly, elevated cerebrospinal fluid and/or serum S100B levels were found in humans with 

traumatic brain damage (Pelinka et al., 2004), ischemia (Weglewski et al., 2005; Takashi et al., 

2010), neurodegeneration (Alzheimer’s disease (Takashi et al., 2010), Down syndrome (Netto et 

al., 2005), Creutzfeldt-Jakob disease (Otto et al., 1998), and amyotrophic lateral sclerosis 

(Süssmuth et al., 2003)), various inflammatory and infectious brain diseases including 
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autoimmune disorders (i.e. multiple sclerosis (Petzold et al., 2002)) and psychiatric disorders like 

schizophrenia and depression (Rothermund et al., 2003).  

 

 

1.2.6.6.3   S100B in depression 

It has been hypothesized that mood disorders are characterized by specific glial pathology 

(Rajkowska, 2000). Increased serum levels of S100B may indicate glial alterations in mood 

disorders either due to brain damage (Abdul-Khaliq et al., 2000) or due to functional secretion of 

S100B by astrocytes and/or oligodendrocytes (Steiner et al., 2007, Pinto et al., 2000). Moreover, 

it has been suggested that S100 proteins, such as S100B, may play a crucial role in the 

pathogenesis of depression and its treatment (Azmitia and Whitaker-Azmitia, 1995; Manev et al., 

2003; Manev and Manev, 2006a, 2006b).  

S100B, located in glial cells in the human brain (Steiner et al., 2007), is one of the proteins 

involved in neuroplasticity (Schäfer and Heizmann, 1996; Ponath et al., 2007). It has been 

suggested that a loss of neuroplasticity and cellular resilience may underlie the pathophysiology 

of mood disorders (Rothermund et al., 2002). Histopathological post mortem findings in patients 

with mood disorders (Manji et al., 2000; Cotter et al., 2001; Rajkowska and Miguel-Hidalgo, 

2007) consistently showed reductions in glial cell density or glial cell numbers in prefrontal brain 

regions, such as the subgenual anterior cingulate cortex, the orbitofrontal cortex, and the 

dorsolateral prefrontal cortex in association with reduced prefrontal gray matter (Rajkowska, 

2000; Cotter et al., 2001; Öngür et al., 1998; Rajkowska et al., 1999). Furthermore, alterations 

were described histopathologically for astrocytes (Johnston-Wilson et al., 2000; Miguel-Hidalgo 

et al., 2000; Si et al., 2004; Webster et al., 2000) and oligodendrocytes (Hamidi et al., 2004; 

Uranova et al., 2004; Vostrikov et al., 2007) in these disorders. Specific reductions in 

oligodendrocytes have also been reported for the amygdala in unipolar depression (Hamidi et al., 

2004), and microglial alterations in bipolar disorders, also including manic episodes (Manji et al., 

2000). Although cortical neurons show anormalies in density and size in the orbitofrontal and 

dorsolateral prefrontal cortices in mood disorders, these neuronal reductions seem less 

pronounced than glial alterations and are detected only when specific morphological size-types of 
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neurons are analyzed in individual cortical layers (Manji et al., 2000; Rajkowska and Miguel-

Hidalgo, 2007). Evidence for Rajkowska’s hypothesis (Rajkowska et al., 2000) of glial pathology 

in mood disorders comes from a study that specifically ablated astroglial cells in the prefrontal 

cortex of adult rats pharmacologically with L-AAA (L-alpha-aminoadipic acid; Banasr and 

Duman, 2008). Indeed, rats treated with L-AAA showed depressive-like behavior in behavioral 

tests similar to depression models based on chronic unpredictable stress. Remarkably, 

antidepressant treatment has been shown to successfully reverse reduction in astroglial density in 

animal models of depression (Czéh et al, 2006). Recent studies have reported that S100B is 

altered in both serum (Schroeter et al., 2008; Schroeter and Steiner, 2009) and cerebrospinal fluid 

in mood disorders (Rothermundt et al., 2001; Schroeter et al., 2002; Arolt et al., 2003; Schroeter 

et al., 2008, Yang et al., 2008). Rothermundt and collegues suggested that a high level of serous 

S100B might correspond to neuron growth and synaptogenesis during synaptic remodeling in 

depressive patients (Rothermundt et al., 2001). Additionally, the investigation of gender-specific 

differences showed that S100B levels were significantly higher in women (Nygaard et al., 1997; 

Yang et al., 2008). Patients with a history of recurrent depressive episodes had significantly 

higher S100B levels than those in first-episode depression (Yang et al., 2008). Arolt and 

collegues reported that antidepressant responders had higher baseline serum S100B levels than 

nonresponders, and suggested that high serum S100B levels were related to a favorable 

therapeutic response (Arolt et al., 2003). 

 

 

1.2.6.7   Immunological alterations in depression 

Depression involves a complex and bidirectional interaction between the immune and the central 

nervous system (Gold and Irwin, 2006). Research findings point towards the understanding that 

immune dysregulation plays an important role in the pathogenesis of major depression. Patients 

suffering from depression show a variety of comorbidities like carciovascular diseases, blood 

pressure, diabetes, or cancer (Lespérance et al., 2007). Strong epidemiological data also point 

towards an association between depression and increased cardiovascular morbidity and mortality 

(Lespérance et al., 2007). Elevated cortisol levels in depression could increase the risk of 
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coronary artery disease, since cortisol increases visceral fat (Brown et al., 2004; Taylor et al., 

2005). Additionally, n-3 fatty acid deficiency (Nemets et al., 2002) and elevated plasma 

homocysteine levels (Folstein et al., 2007) have been implicated in cardiovascular disease and in 

depression. Quantitative markers of immune function, such as leukocyte, lymphocyte, neutrophil 

and CD4+/CD8+ cell numbers, are often affected in depression (Müller et al., 1993). Many 

aspects of cellular immunity appear impaired or reduced in depression (Sapolsky et al., 2000; 

Biondi, 2001; Schlatter et al., 2004b). The proliferative response of lymphocytes has been shown 

to be reduced or impaired in depression (Schleifer et al., 1999). The findings about lymphocyte 

levels were inconsistent. A general increase of T-helper cells (CD4+) and an increase in the 

CD4+/CD8+ ratio in depressed patients was first reported about 25 years ago (Syvaläthi et al., 

1985; Mes et al., 1992; Müller et al., 1993). Later on increased numbers of PBMCs (peripheral 

blood mononuclear cells) were described (Herbert and Cohen, 1993; Seidel et al., 1996; 

Rothermundt et al., 2001). Early studies reviewing CD4+/CD8+ ratios in depression have been 

mixed with Herbert and Cohen finding a decreased ratio (Schleifer et al., 1999). In contrast, 

reports by the groups of Müller and Zorrilla (Müller et al., 1993; Zorrilla et al., 2001) detected an 

increased ratio of these cells. Since the last decade, all studies demonstrated an increase of CD4+ 

levels and CD4+/CD8+ ratios in depression (Schlatter et al., 2004a). The general increase in total 

cells is accompanied by a higher cell turnover and proliferation, findings that were of central 

interest in this study related to the hypothesized accelerated senescence in primary immune cells 

associated with depression. 

 

 

1.2.6.7.1  The immune system: an introduction 

The immune system consists of many interdependent cell types each with a specialized function. 

It collectively protects the body from a variety of pathogens like parasitic, bacterial, fungal, or 

viral infections and from the growth of tumor cells (Linnemeyer, 2008). The adaptive immune 

response relies on the ability of two types of lymphocytes, namely T- and B-cells, to undergo 

periodic massive expansion (Weng, 2008). A typical adaptive immune response starts with the 

selection of the best antigen-binding naive T and B lymphocytes and ends with a strong 
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expansion of this selected lymphocytes to combat the present threat (Germain, 2001). It has been 

hypothesized that a typical immune response involves 15-20 cell divisions (Kalia et al., 2010).  

T lymphocytes are usually divided into two major subsets, namely CD4+ (helper) and CD8+ 

(cytotoxic) T cells that are functionally and phenotypically different (Harari et al., 2004). Both T 

cells are derived from bone marrow progenitors in the thymus where they differentiate and they 

can be found throughout the body (Galy et al., 1995). They often depend on the secondary 

lymphoid organs (lymph nodes and spleen) as sites where activation occurs, but they are also 

found in other tissues of the body like the liver, lung, blood, and the intestinal and reproductive 

tracts (Linnemeyer, 2008). 

The first subset, the CD4+ T helper cells, is a pertinent coordinator of immune regulation 

(Traversari and Bordignon, 2008). CD4 is a type-I transmembrane glycoprotein (cluster of 

differentiation) involved in the recognition of MHC (major histocompatibility complex) class II/ 

peptide complexes by the T cell receptor heterodimers (Leddon and Sant, 2010). CD4 is highly 

expressed on T helper cells and also at a lower level on monocytes and dendritic cells. In humans 

the CD4 antibody recognizes most thymocytes and about 65 % of all peripheral blood cells 

(Kartikeyan et al., 2007) The main function of the T helper cell is to increase or potentiate 

immune responses by the secretion of specialized factors termed cytokines, lymphokines, or more 

specifically interleukins (Parkin, 2001). CD4+ T cells are responsible for facilitating the ability of 

CD8+ T cells to kill target cells and the ability of B cells to produce antibodies.  

The second major subset of T cells is called T killer/suppressor or CD8+ cells. The CD8 

molecule consists of either a α/β hetero- or a α/α homo-dimer (Cole and Gao, 2004). It is 

expressed strongly on cytotoxic T cells and infirmly on a subset of natural killer cells. In humans 

CD8 is found on most thymocytes and on about one third of all peripheral blood T cells 

(Kartikeyan et al., 2007). These cells are important in directly killing tumor cells, viral-infected 

cells and to a certain extend parasites. The CD8+ T cells are also important in the down-

regulation of immune responses (Linnemeyer, 2008). The CD8 antigen forms a complex together 

with the T cell receptor and acts as an accessory molecule in the recognition of MHC class 

I/peptide complexes by the T cell receptor heterodimer on CD8+ cytotoxic T cells.  
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New thymic migrants from the thymus, mature CD4+ and CD8+ T cells which have not yet 

encountered foreign antigens, are called naive T cells and are found circulating in peripheral 

blood and lymphoid organs (Spits, 2002). Upon encounter with an antigen, naive T cells are 

activated and expanded to become effector cells. After clearance of the antigen, the majority of 

these effector cells undergo apoptosis, while some survive and become long-living memory T 

cells (Vaux and Strasser, 1996). Memory T cells can be subsequently activated by the same 

antigen and go through similar phases of effector and memory stages with a much rapid 

expansion phase (Hagmann, 1999). 

In contrast to T cells, B cells derive from bone marrow progenitor cells and mature in the bone 

marrow (Alberts et al., 2002). Their major function is the production and secretion of pathogen-

recognizing antibodies in response to foreign proteins of tumor cells, bacteria and viruses (Weng, 

2008). Antibodies are specialized proteins that specifically recognize and bind to one particular 

protein. Antibody production and binding to a foreign substance or antigen, often is critical as a 

means of signaling other cells to engulf, kill or remove that substance from the body.  

B-cells are activated by the binding of an antigen to receptors on the cell surface which triggers 

the cells to divide and proliferate (Kodituwakku et al., 2003). Some stimulated B-cells become 

plasma cells, which secrete antibodies, others become memory B cells which can be stimulated at 

a later time to differentiate into plasma cells. Due to the focus on CD20+ B cells in this study the 

introduction will be restricted to this B cell subset. CD20 is a non-glycosylated transmembranee 

protein of 33–37 kDa that becomes heavily phosphorylated upon activation (Chang et al., 1996; 

Polyak et al., 2002) It is expressed exclusively on B cells, including pre-B cells, naive, mature, 

and activated B cells, B cell blasts, and the majority of malignant B cells, but not on early B cell 

progenitors or plasma cells (Polyak et al., 2002; Countouriotis et al., 2002).  

B cells also undergo an ordered sequence of differentiation during lineage development and 

during activation of an immune response (Burrows et al., 2003). Although substantial cell 

divisions occur during the differentiation of naive T and B cells to memory cells, one of the 

differences between the two subsets cells during their differentiation is that B cells differentiate 

in a unique microenvironment, the germinal center (Choi, 1997). In a T cell-dependent immune 

response, mature antigen-naive B cells differentiate in an unique germinal center environment 
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into GC B cells, then to memory or plasma B cells (Heyzer-Williams, 2005). Substantial cell 

division occurs in the germinal center during a differentiation process which comprises several 

important events including clonal selection of mutated antibody-producing B cells with high 

antigen-binding affinity, somatic hypermutation of variable domains of immunoglobulin (Ig) 

genes, and Ig isotype switching (Weng et al., 1997). Only those B cells with the best 

affinity/avidity are selected for further expansion and differentiation to become plasma and 

memory B cells. Like memory T cells, memory B cells are long-living and capable of 

reactivation by the same antigen (Parker, 1993).  

 

 

1.2.6.7.2   The cytokine-hypothesis of depression 

Cytokines consist of a large and diverse family of signalling molecules that primarily have 

immune modulatory activity (Garay and McAllister, 2010). They are secreted by a wide variety 

of cells in the immune system and bind on specific membrane receptors. Currently five cytokine 

receptor families, namely immunoglobulins, hematopoietins, interferons, tumor necrosis factors 

and chemokines, are known (Whiteside, 2007). Traditionally, they can be classed as 

lymphokines, interleukins, and chemokines, depending on their presumed function, target, or 

cells of origin. Immunological cytokins can be divided into two different types. Type 1 consists 

of cytokines that enhance cytokine responses (e.g. IFN-γ and TGF-β), whereas type 2 cytokines 

(e.g. IL-10, IL-4) favor antibody responses (Lucey et al., 1996). 

Cytokines are large hydrophilic molecules that under normal conditions do not easily cross the 

blood brain barrier (Whiteside, 2007). Peripheral cytokines might communicate with the 

cerebrum through the afferent sensory fibers of the vagus nerve (Maier et al., 1998). Peripheral 

cytokines can enter the central nervous system either through passive diffusion at areas where the 

blood brain barrier is deficient or by active transport of cytokines stimulated by the central 

noradrenergic system (Janssen et al., 2010). Peripheral cytokines may also activate neural 

afferents, leading to the synthesis of IL-6 within the brain by microglia and endothelial cells 

(O’Brien et al., 2004; Pollmacher et al., 2002; Szelenyi and Vizi, 2007). Cytokines may also 

exert their effect in the central nervous system by activating the HPA axis (Dunn, 2000). Pro-
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inflammatory cytokines induce gene expression and synthesis of corticotropin-releasing hormone 

(CRH), which stimulates adrenocorticotropic hormone (ACTH) release and causes glucocorticoid 

secretion (Song, 2002). The cytokine-activated HPA axis may lead to a further rise in pro-

inflammatory cytokines through a complex positive feedback-loop (Leonard, 2005). Stress 

additionally can lead to increased cytokine levels and induction of catecholamines via an 

activated HPA axis, which may further increase pro-inflammatory cytokines (Szelenyi and Vizi, 

2007). Cytokines may also directly affect higher cognitive and emotional functions by these 

mechanisms (McAfoose and Baune, 2009). 

Cytokines are involved in the pathogenesis of a variety of disorders including autoimmune 

diseases, trauma, stroke, neurodegenerative diseases and infections (Rothwell and Loddick, 2002; 

Ransohoff and Benveniste, 2006). Also the role of cytokines in the pathogenesis of a number of 

neuropsychiatric disorders has been postulated including depression (Capuron and Dantzer, 2003; 

Hickie and Lloyd, 1995; Irwin and Miller, 2007; Kronfol and Remick, 2000; Raison et al., 2006). 

Immune markers, including haptoglobin and IgM, are elevated in depressed cohorts indicating 

that depression is associated with inflammatory activation similar to an acute phase response 

(Zorrilla et al., 2001). The main inflammatory cytokines IL-1, IL-6 and TNF appear elevated in 

depressive states or in response to psychological stress (O’Brien et al., 2004). The effects of 

cytokines, both direct and indirect, in the pathophysiology of depression have led to the 

formulation of a model called “cytokine-induced depression” (Dantzer et al., 2008). Diseases can 

induce a variety of biological and behavioural responses including fever, anorexia, weight loss, 

fatique, sleep disturbances, motor retardation, dysphoria, anhedonia, impaired cognition and 

depressed mood. These same symptoms are found in clinical depression (Dantzer et al., 2008). 

These symptoms can be triggered by administration of cytokines in both animals (Kent et al., 

1992) and humans (Capuron and Ravaud, 1999; McDonald et al., 1987; Rosenstein et al., 1999).  

 

 

1.2.6.7.3   Antidepressant medication and its effect on cytokine levels in depression 

Both isolated PBMCs (peripheral blood mononuclear cells) and whole blood cells are used to 

investigate alterations of cytokine levels in vitro (Cillari et al., 1996; Ravindran et al., 1999; 
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Müller and Schwarz, 2007). Antidepressant drugs are used in physiologically analogues 

concentrations to test the effects on the secretion of cytokines in cultured cells. Generally, a 

higher variability in cytokine production has been reported from studies using PBMCs. Xia and 

coworkers reported that both tricyclic antidepressants and selective serotonin reuptake inhibitors 

decrease the production of pro-inflammatory cytokines IL-6, IL-1β, TNF-α, IL-2 and Interferon-

γ in PBMCs from healthy subjects (Xia et al., 1996). Szuster-Ciesielska and collegues reported a 

strong evidence of an immunosuppressive effect of antidepressants (Szuster-Ciesielska et al., 

2003). They demonstrated a decrease in the production of pro-inflammatory cytokines (IL-2, IL-

4, IFN-γ and IL-12). Additionally, anti-inflammatory cytokines (e.g. IL-10) were stimulated. 

Summarizing these in vitro findings, antidepressant medication shows a cytokine-related, 

immunosuppressive effect in whole blood cells of both healthy control subjects and depressive 

patients.  

The majority of findings from in vivo-studies report elevated IL-6 levels in acute depressed that 

normalize after antidepressant treatment (Sluzewska et al., 1995; Frommberger et al., 1997; 

Basterzi et al., 2005). IL-12 levels are increased in depressed patients, but after eight weeks of 

antidepressant treatment IL-12 levels were found decreased but still elevated in comparison to 

healthy controls (Kim et al., 2002).  

An increase of IL-8 and TNFα levels in acute depressed was reported by Mikova and collegues 

and antidepressant treatment did not significantly alter these levels (Mikova et al., 2001). 

Summarizing the in vivo-findings for cytokine alterations in pharmacologically treated depressed, 

antidepressant medication significantly reduces initially elevated IL-6 levels. Although the 

consensus of a generalized alteration of cytokine levels in depression has been accepted, the exact 

association between cytokines and depression remains unclear. The usage of cytokines as 

markers for antidepressant response is under intensive investigation and so far only little findings 

have been reported with regard to this issue. 

Additionally, the effects of antidepressant medication on cytokines show that the 

pharmacological effect is not limited to neurotransmission and receptor binding, but also gene 

regulation mechanisms (Thome et al., 2000) and immunological alterations are triggered (Irwin 

and Miller, 2007). The role of cytokines, together with the listed biological alterations in 
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depression, highlights the problem that depression cannot be conceptualized as a disease with a 

clear pathological origin. 

 

 

1.2.6.8   Telomeres and immunosenescence 

Clinical observations have shown that depression is often accompanied by a variety of age-

related comorbidities like cardiovascular diseases (Schultz, 2001), pain (Bair et al., 2003), 

diabetis (Eaton, 2002), stroke (Whyte et al., 2004), or cancer (Spiegel and Giese-Davisa, 2003) 

that occur prematurely in these patients. The immunological changes in depression and their 

consequences on premature immunosenescence were of central interest in this project. 

Preliminery findings on immunosenescence in affective disorders gave first hints that depressed 

patients show accelerated immunological aging that would result in a higher wear of the immune 

cells (Simon et al., 2006). In this context immunosenescence and its hypothesized association 

with stress and depression will be focused.  

 

 

1.2.6.8.1 Immunosenescence: an introduction 

Aging is a continous and relatively slow process that compromises the normal functioning of 

various organs and systems in both qualitative and quantitative terms (Bauer, 2008). Aging 

particularly alters specific aspects of immune functions. This process has been termed 

immunosenescence (Caruso et al., 2009). 

The compartments of the immune system undergo aging like other somatic cells of the body. The 

aging immune system has been under intensive investigation to elicit fundamental effects about 

aging and to understand the cytological alterations found in the elderly.  

Aging of the immune system, or immunosenescence, is most profoundly characterized by 

changes in T cell subsets, cellular and molecular level alterations and atrophy of mostly all 

primary and secondary lymphoid organs. These alterations sum up in a decline of T- and B cell 

functions during aging (Dutton et al., 1998; Kaech et al., 2002). Further, a decrease in naïve 

(CD45RA+) and an increase in memory T- cells (CD45RO+) during aging have been reported 
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(Globerson and Effros, 2000; Hannet et al., 1992). Additionally, an expansion of CD8+CD28- T 

cells or an increase in natural killer cells has been found (Gabriel et al., 1993; Martinez-Taboada 

et al., 2002).  

Overall, cellular components of the innate immune system seem to be preserved during aging in 

contrast to several age-related decrements in adaptive immune responses, especially T cells 

(Pawelec et al., 2002). T cells are especially targeted in the same direction during chronic stress 

exposure (Biondi, 2001) or following glucocorticoid treatment in vivo (Bauer et al., 2002; 

McEwen et al., 1997). Thymic involution is a common consequence of mammalian aging and it 

precedes the malfunctioning of the immune system causing a diminished capacity to generate 

new T cells (Bodey et al., 1997). This process has been proposed to result from changes in the 

thymic microenvironment resulting in its failure to support thymopoiesis (Henson et al., 2004). 

Chronic glucocorticoid exposure, as observed during psychological stress (Selye, 1936) or 

pharmacological glucocorticoid treatment (Fauci, 1975), can cause thymic atrophy as represented 

by apoptotic cell death in immature T and B precursor cells and mature T cells (Sapolsky et al., 

2000). The clinical consequences of immunosenescence may include increased susceptibility to 

infectious diseases, neoplasias and autoimmune diseases (Castle, 2000). Immunodeficiency and 

immunosenescence are of clinical relevance because they increase the risk in depressed to suffer 

from comorbidities and prematurely occuring, age-related diseases (Rybka et al., 2009). To 

understand aging processes on the molecular level the telomere theory of aging and its associated 

cellular effects and consequences will be introduced. 

 

 

1.2.6.8.2 Telomeres: structure and function 

Telomeres were first described by Barbara McClintock and Herrmann Joseph Müller in the first 

half of the 20th century (Müller, 1938; McClintock, 1941). They reported special structures at the 

end of eukaryotic chromosomes that were termed related to their position. The term telomere is 

derived from the greek words τέλος (= end) and µέρος (= position). Telomeres are special 

nucleoprotein structures that form the physical ends of linear eukaryotic chromosomes 

(Blackburn, 1991; Greider, 1991). Mammalian telomeres consist of highly conserved, repetetive 
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G-rich sequences (5´-TTAGGG-3´)n (Forney et al., 1987) and specific associated DNA binding 

proteins (Zhong et al., 1992; Bilaud et al., 1997; Broccoli et al., 1997; Smith et al., 1998; Kim et 

al., 1999; Baumann and Cech, 2001; Houghtaling et al., 2004; De Lange, 2005).  

Three proteins, namely TRF1 (telomere repeat binding factor 1; Zhong et al., 1992; Chong et al., 

1995), TRF2 (telomere repeat binding factor 2; Bilaud et al., 1997; Broccoli et al., 1997) and 

Pot1 (protection of telomeres 1; Baumann and Cech, 2001) directly bind to the telomere sequence 

(De Lange, 2005; Fig. 6A). In association with TIN2 (TRF interacting nuclear protein 2; Kim et 

al., 1999), TPP1 (TIN2 interacting protein 1; Houghtaling et al., 2004) and Rap1 

(repressor/activator protein 1; Li et al., 2000) telomeres associated with these binding proteins 

form the “Shelterin“ complex (Fig. 6A; Blackburn, 1991; McEachern et al., 2000; Blackburn, 

2001; Smogorzewska et al., 2004; De Lange, 2005). The main function of the telomeres is to 

stabilize the chromosomal integrity and to prevend DNA double-strand breaks. Further, 

telomeres protect the DNA from cell repair mechanisms, degradation effects and end-to end-

recombination during cell proliferation (Counter et al., 1992; Blasco et al., 1997, Hande et 

al.,1999).  

Telomeric nucleoproteins are organized in a highly folded three-dimensional manner (Blackburn, 

1991; Greider, 1991). TRF2 is essential for the formation of a microscopic structure termed “T 

loop“ (Colgin and Reddel, 2004; Fig. 6B). The bulk of the telomeric DNA is double-stranded but 

the extreme terminus consists of a 3' overhang of approximately 200 bases which folds back to 

form the lasso-like T loop. The 3’ overhang is repositioned and inserted to a more proximal 

orientated double-strand telomere sequence (Griffith at al., 1999; Munoz-Jordan et al., 2001). By 

this mechanism the 3’ overhang is transformed into the structure termed “D loop“ (Colgin and 

Reddel, 2004; Fig. 6B). Dimeric TRF2 binds to the double-stranded DNA under the formation of 

a T-Loop structure that has essentiell protective properties agains fusion, degradation and 

recombinative actions at the end of linear chromosomes.  
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Critically short telomeres lose capping functions and telomere-free chromosome ends induce 

DNA damage responses similar to those observed in double-strand breaks (Fagagna et al., 2003; 

Herbig et al., 2004; Takai et al., 2003). Chromosomes of senescent cells, having reached a finite 

number of cell divisions, typically exhibit flattened and enlarged morphology (Funayama and 

Ishikawa, 2007). Due to the asymmetric nature of DNA replication and the associated “end 

replication problem” the ends of eukaryotic chromosome shorten with each cell division, which 

in turn leads to shortening of telomeres (Lundblad, 1997).  

 

 

1.2.6.8.3   The end-replication problem 

Hayflick und Moorhead were the first to report that human fibroblasts in vitro show a limited cell 

division capacity (1961). This “Hayflick limit” was 30 years later related to telomere shortening 

(A) 

(B) 

Fig. 6: (A) The Shelterin 
complex and (B) telomeric T- 
and D-Loop structures.  
(A) Three proteins (TRF1, TRF2 
and POT1) are directly associated 
with the telomeric DNA. The 
proteins TIN2 and TPP1 bind to 
the DNA-associated proteins and 
complete the Shelterin complex 
(from De Lange, 2005). 
(B) TRF1 and TRF2 form a dimer 
and bind to the double-stranded 
DNA. Pot1 binds to single-
stranded telomere sequences of the 
D-loop structure (from Colgin and 
Reddel, 2004). TRF1: Telomere 
repeat binding factor 1; TRF2: 
Telomere repeat binding factor 2; 
Rap1: Repressor/activator protein 
1; POT1: Protection of telomeres 
1; TIN2: TRF interacting nuclear 
protein 2; TPP1: TIN2 interacting 
protein 1. 
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and the end replication problem of the DNA polymerase (Blackburn et al., 1991). The enzyme 

DNA polymerase synthesizes new DNA sequences based on a complementary DNA matrix. The 

limitation of this enzyme is the restricted unidirectional replication synthesis of DNA in 5´- 3´ 

orientation (Meselson and Radding, 1975). The leading strand is replicated by the DNA-

Polymerase δ until the enzyme reaches a replication fork. The lagging strand is replicated 

contrarily to the movement direction of the replication fork that is enrolling the double-stranded 

DNA. Short RNA primers, called Okazaki-fragments, bind to the 3´- 5´ lagging strand and enable 

the DNA synthesis (Okazaki et al., 1968). After synthesis these RNA primers are removed by the 

enzyme DNA-Polymerase α and replaced by desoxynucleotides that fill the sequence after 

ligation by DNA ligase enzymes. At the end of the lagging strand the binding of RNA primers is 

impaired resulting in telomere shortening after each cell division. Human telomeres that reach up 

to approximately 7-15 kilo bases (Allshire et al., 1989; Wright et al., 1996; Hemann and Greider, 

2000) lose approximately 50-100 base pairs of telomeric DNA sequence with each cell cycle by 

this mechanism (Levy et al., 1992).  

 

 

1.2.6.8.4   The enzyme telomerase counteracts telomere erosion 

Telomerase was discovered by Carol Greider and Elizabeth Blackburn in the ciliate Tetrahymena 

(Greider and Blackburn, 1985). The holoenzyme consists of two components, an untranslated 

RNA molecule called telomerase RNA component (TERC) which is used as a template for 

elongation (Greider et al., 1989) and the core protein subunit telomerase reverse transcriptase 

(TERT) which is the catalytic subunit for the synthesis (Greider and Blackburn, 1987; Morin, 

1989; Meyerson et al., 1997; Nugent et al., 1998). TERT can bind to the telomeric sequences at 

the chromosomal ends and then adds six-nucleotide repeat sequences to the 3' ends of double 

stranded DNA using TERC as a template for the de novo synthesis. It then realigns at the newly 

generated 3' end and adds a new repeat sequence (Fig. 7). This continuous process leads to an 

extension of the telomeric structure (Makarov et al., 1997; Wright et al., 1997).  
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In contrast to the constitutive expression of the telomerase RNA component the TERT subunit is 

strictly regulated in human cells and tissue (Meyerson et al., 1997; Nakamura et al., 1997; Kim et 

al., 1999).  

Generally, telomerase activity in humans is found only during embryogenesis, which has been 

linked to a possible tumor suppression mechanism (Wright et al., 1996). This linkage is 

supported by reports demonstrating that more than 80 % of human malignant tumors show a 

reactivation of telomerase and the genes of the senescence pathway (p53/p21) mutated (Hiyama 

et al., 1995a; Kim et al., 1994; Hiyama et al., 1995b). Postnatal telomerase activity has been 

reported exclusively in germ-, stem- and progenitor cells (Counter et al., 1995; Hiyama et al., 

1995a; Harle-Bachor et al., 1996; Wright et al., 1996; Hiyama et al., 2001). For the majority of 

somatic cells TERT expression and the resulting telomerase activity is suppressed (Wright et al., 

1996; Burger et al., 1997; Shay et al., 1997; Kim et al., 1999).  

As a result, telomerase activity in somatic human cells is insufficient to maintain telomere length 

and to counteract cell cycle-associated telomeric loss. Telomere length in somatic cells therefore 

represents the replicative history of the cell and functions as a cellular mitotic clock limiting the 

number of cell divisions and the total cellular life span (Lansdorp et al., 1996). Telomerase 

inhibition in cells with short telomeres leads to chromosomal damage, which in turn triggers 

Fig. 7: Graphical 
representation of the de novo 
telomere synthesis by the 
enzyme telomerase at the end 
of mammalian chromosomes. 
(I) Binding of the holoenzyme to 
the 3’ end of single-stranded DNA. 
(II) Elongation of the 3’ single 
strand. (III) Synthesis of the 5’ 
strand by the DNA Polymerase. 
The enzyme consist of two 
components: TERC (Telomerase 
RNA component; RNA matrix) 
and TERT (telomerase reverse 
transcriptase); from Lechel, 2007a. 
. 
 

(I) (II) (III) 
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apoptotic cell death or senescence (Zhang et al., 1999). Moreover growth-arrested senescent cells 

express a number of markers that include beta galactosidase detectable at pH 6 (Dimri et al., 

1995), p16 (Hara et al., 1996; Wong and Riabowol, 1996), p21 (Edwards et al., 2007; Kitano et 

al., 1996; Machida and Booth, 2004; Welle et al., 2004), DNA damage foci localized to telomeres 

(Fagagna et al., 2003) and the soluble markers EF1α, CRAMP and chitinase (Jiang et al., 2008). 

 

 

1.2.6.8.5   Telomere length determines cell division or senescence 

Telomeres are critical for the cell to divide continuously without losing its genomic integrity. 

After each round of cell division the telomere length of the subsequent daughter cell shortens by 

50-100 base pairs, which limits its replicative potential (Levy et al., 1992). Diploid differentiated 

cells do not express telomerase and if they divide recursively in culture conditions, at some point 

all the progeny reaches their “Hayflick limit” where the cells enter the replicative senescence 

stage M1 and stop dividing (Linskens et al., 1995). M1 is initiated when few telomeres become 

shortened to a critical level and the chromosome ends are recognized as DNA damage signals, 

leading to the activation of cell cycle checkpoints. In absence of the proteins involved in cell 

cycle regulation (e.g. p53 or pRb), cells continue to divide after M1 despite the prevalence of 

telomere dysfunction and ultimately reach a second checkpoint, the crisis stage M2. The crisis 

stage is characterized by high genomic instability and massive rate of cell death (Wright and 

Shay, 1992). Critically short telomeres may lead to genomic instability when the proteins meant 

to be located on telomeres fail to bind, recognized intracellularly as DNA double-strand breaks. 

This increases the propability of chromosomal fusions and cancer initiation (Rudolph et al., 1999; 

Blasco et al., 1997). Allsopp and Harley were the first to hypothesize that the telomere length 

might determine at the cellular level whether a cell enters senescence or continues to proliferate 

(Allsopp and Harley, 1995). In total, four different factors have been postulated to influence the 

telomere length. These are the replicative history of cells during organogenesis, the postnatal life 

duration, metabolic rates and the intracellular load of radical oxigen (Satyanarayana et al., 2003). 

One additional factor, namely cortisol, has been postulated to influence telomere length in cells 

that possess mineralocorticoid- and glucocorticoid receptors. Recent in vitro work by Choi and 
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collegues has demonstrated that cortisol negatively influences telomerase activity in these cells 

(Choi et al., 2008). 

 

 

1.2.6.8.6   Telomeres and aging  

Several theories have tried to explain the biological aging process, a phenomenon that affects 

every human being as well as all members of animals and plants. For example, aging has been 

discussed as a result of damage due to the influence of free radicals, glycosylation as well as 

intrinsic and extrinsic factors causing DNA malfunctions. Other theories are based on the 

assumption of genetic determination of aging resulting in a limited number of possible cell 

divisions depending of the age of the donor (for a review see Prelog, 2006).  

The telomere hypothesis of cellular aging highlighted the speculation whether telomere 

shortening influences regenerative capacity of tissues and organs during aging and chronic 

diseases. In accordance to this hypothesis, a variety of studies have shown telomere shortening 

during the aging process in various tissues and organs (Kang et al., 2002; Furugori et al., 2000; 

Yang et al., 2001; Aikata et al., 2000; Takubo et al., 1998; Satoh et al., 1996; Takubo et al., 

2000). Experimental proof for the telomere hypothesis of cellular aging has come from studies 

showing that ectopic expression of telomerase immortalizes primary human fibroblasts (Bodner, 

1998). In addition, it has been demonstrated that chronic diseases, which induce elevated rates of 

cellular turnover, also induce accelerated telomere shortening. Research has demonstrated that 

the telomere hypothesis of cellular aging might apply to the development of liver cirrhosis at the 

end of chronic liver disease (Ohashi et al., 1996; Aikata et al., 2000; Takubo et al., 1998; 

Wiemann et al., 2002). Further support in this line came from the observation that the p53/p21 

pathway, a major signaling pathway mediating the replicative senescence in response to critical 

telomere shortening, is activated in liver cirrhosis (Wagayama et al., 2002).  
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1.2.6.8.7   Telomere shortening and immunosenescence 

In human lymphocytes all chromosomes terminate in several kilobases of telomere repeats that 

are gradually lost with age and with replication in vitro (Rufer, 1988). Weng and collegues have 

assumed that the initial average length of lymphocytic telomeres is about 10 kb (Weng et al., 

2008; Fig. 8A). Over the course of 80 years of life, a telomere loss of 2–5 kilobases plus of 1–2 

kilobases within of the first decade of life reduces telomere length to the range of 3–5 kilobases 

long as projected based on cross-sectional analyses (Weng, 2008). The precise rate of telomere 

erosion during T cell differentiation and cell divison in vivo remains unclear.  

The importance of replication for lymphocyte function suggests that these cells may employ 

mechanisms for better telomere maintenance. Studies of telomerase expression in T cells show 

that telomerase activity, associated with a significant increase in hTERT protein expression, is 

highly regulated during T cell development and differentiation (Weng, 2002). Roth and collegues 

demonstrated that TERT-transduced CD4+ T cells express high levels of telomerase and 

accordingly show reduced rates of telomere shortening (Roth et al., 2003). In contrast, mature 

resting naive CD4+/CD+8 T cells do show little to no telomerase activity (Weng et al., 1996). As 

a conclusion, telomere length in T lymphocytes reflects both cell division and telomerase 

activity. Chronic and prolonged cell cycle activation also results in the loss of telomerase activity 

and telomere loss that is ultimately leading to replicative senescence in human memory T 

lymphocytes (Choi et al., 2008). T cells undergo numerous cell divisions during the 

differentiation from naive to memory cells (Kaech et al., 2002). The first report of shorter 

telomeres in memory CD4+ T cells than in naive CD4+ T cells was given by Weng and 

coworkers (Weng et al., 1995) and these findings were later confirmed by Rufer and collegues, 

who also reported shorter telomeres in CD8+ T cells (Rufer et al., 1999). 

In summary, clonal expansion and the differentiation of naive to memory cells in vivo is 

accompanied by telomere loss (Fig. 8B). One additional senescence-associated change in CD8+ 

T cells is the loss of expression of the co-stimulatory receptor CD28, which is found in aged 

individuals in vivo and in senescent T cells in vitro (Prelog, 2006). CD8+/CD28- T cells have 

shorter telomeres than their CD28+ counterparts ex vivo (Monteiro et al., 1996; Allsopp et al., 

1996) as well as in vitro (Effros et al., 1996; Effros, 2003).  
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In contrast to the findings in T cells, the data on telomere length attrition in B cells has lead to 

contradictory results. Son and collegues reported no significant loss of telomere length during 

differentiation of naive to memory B cells (Son et al., 2003). In contrast, Martens and coworkers 

reported shorter telomere length in memory B cells in comparison to naive B cells from 

peripheral blood (Martens et al., 2002). Studies of germinal center B cells show that telomerase 

activity is strictly regulated in these cells. Like T cells, telomerase is not expressed in resting B 

cells but is rapidely activated after mitogenic stimulation (Hiyama et al., 1995; Weng et al., 

1997a). Low levels of telomerase activity are detected in naive and memory B cells, while high 

levels of telomerase activity are detected in germinal center B cells (Norrback et al., 1996; 

Igarashi and Sakaguchi, 1997; Weng et al., 1997b). The telomere length in naive, GC, and 

memory B cells correlates with the levels of telomerase activity in these subsets. However, the 

rates of telomere shortening appear to be different among CD4+ and CD8+ T cells and B cells 

from the cross-sectional analyses (for a review see Weng et al., 2008). The question thus arises 

whether the telomere shortening that occurs in lymphocytes with aging becomes a cause for age-

associated defects of lymphocyte function.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8: Telomere erosion estimated during aging in different lymphocytic populations. 
(A) Telomere loss with age in different lymphocytes of the primary immune response. (B) The precise 
loss of telomeric DNA has been in focus of investigation for a variety of immune cells (from Weng, 
2008). 

(B) (A) 
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1.2.6.8.8   Immunosenescence and stress 

Stress is believed to represent a challenge or threat to homeostasis, which induces a stress 

response as an attempt to restore homeostasis (Simon et al., 2006). It has been postulated that if 

the stress response mediators become chronically active, they could result in chronic „wear and 

tear“ to tissues or organ compartments (Chrousos, 1998). Although physiologic stresses have 

been clearly linked to biological measures of accelerated aging (Toussaint et al., 1998), little is 

known about the impact of chronic psychologic stress on the different systems. Recent findings 

have led the idea that the immune system is strongly affected by the stress-induced biological 

alterations that might imply accelerated aging. Preliminary data has recently reported that 

psychological stress (including perceived stress and chronicity of stress) is significantly 

associated with higher oxidative stress, lower telomerase activity and shorter telomere length 

(Simon et al., 2006) in lymphocytes.  

A second aspect is the blunted immunity during periods of psychological stress. Lymphocytes 

exhibit receptors for the neuroendocrine products of the HPA axis and may be therefore specially 

targeted by cortisol because they express higher densities of mineralocorticoid and glucocorticoid 

receptors (McEwen et al., 1997). Of special interest is the work by Choi and coworkers who 

demonstrated that exposure of human T lymphocytes to cortisol in vitro is associated with a 

significant reduction in telomerase activity (Choi et al., 2008). This finding might link to a novel 

potential mechanism for a stress and glucocorticoid-associated, accelerated telomere shortening 

and immunosenescence. If cortisol exposure in vivo exerts the same effect as observed in vitro, 

the data provide a potential mechanism for the reported association between psychological stress 

and telomere erosion in lymphocytes. First studies have investigated stress-associated aging and 

the results gave preliminary evidence for this idea. The caregiving of demented patients is a 

recognized model to study the impact of chronic stress in elderly populations (Vedhara et al., 

1999; Bauer et al., 2000; Kiecolt-Glaser et al., 1991). In line with the hypothesis, it is associated 

with increased stress, depression and poorer immune functions (Redinbaugh et al., 1995). 

Compared to nonstressed elders, Bauer and collegues demonstrated that caregivers of demented 

patients showed blunted T cell proliferation in association with increased cortisol levels (Bauer et 
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al., 2000). When stressed elderly are compared to healthy elderly and young adults, these 

immunological changes are found in similar magnitude to increased cortisol levels (Bauer, 2005).  

Caregivers of patients suffering from Alzheimer’s disease who perceive chronic stress have been 

demonstrated to show significantly higher depressive syndromes in comparison to healthy 

controls (Damjanovic et al., 2007). Additionally, the caregivers had significantly shorter 

telomeres in peripheral T cells than the controls. Interestingly, the telomere loss in caregivers was 

not due to an increase in T cell subsets that would result in shorter telomeres. Here, the impact of 

cortisol on telomere shoterning could be hypothesized. 

Higher oxidative stress, lower basal level of telomerase activity, and shorter telomere length of 

PBMCs have been reported in mothers of chronically ill children (Epel et al., 2004). Caregivers 

had significantly lower T cell proliferation but higher production of immune-regulatory cytokines 

(TNF-a and IL-10) in response to stimulation in vitro. Increased cortisol levels are also seen in 

demented patients (Maeda et al., 1991), major depression (Gold et al., 1998), or during chronic 

stress (Kirschbaum et al., 1995; Bauer et al., 2000). Luz and coworkers report that healthy 

senieur elders showed significantly lower T cell proliferation compared to young adults (Luz et 

al., 2006). Again, the HPA axis may be implicated in this changes because salivary cortisol levels 

were found negatively correlated to T cell proliferation (Bauer et al., 2009). The given reports 

support the idea that chronic stress and cortisol, both found in acute depression, might contribute 

to accelerated immunosenescence.  

 

 

1.2.6.8.9   Immunosenescence and depression 

Immunosenescence is an aspect that still remains poorly understood and that represents an 

undertreated issue of depression and the related prematurely occurring comorbidities (Evans et 

al., 2005; Everson-Rose and Lewis, 2005; Gump et al., 2005; Penninx et al., 1998; Wassertheil-

Smoller et al., 2004).  

Age-related immunological changes are similar to the changes found under chronic stress or 

glucocorticoid exposure. Hong and collegues hypothesized that physiological stressors might 

cause accelerated telomere shortening by increasing the number of cell divisions (Hong et al., 
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2006). Therefore psychological stress and their clinical manifestations, as represented by 

affective disorders, are an important risk factor for immunosenescence. Depression also shows a 

high prevalence in many age-related chronic degenerative diseaseas including Parkinson’s 

disease (Cummings, 1992), Alzheimer’s disease, cardiovascular diseases and cancer (Dew et al., 

1998; Krishnan et al., 2002). A first preliminary report that supports the idea and provided first 

evidence of a depression-associated accelerated immunosenescence by Simon and collegues 

demonstrated that telomere length in was significantly shorter in humans with mood disorders 

(Simon et al., 2006). They concluded that mood disorders are associated with accelerated aging 

and that this may be a novel mechanism for the associated morbidity and mortality associated 

with the disease.  

This study was related to the pioneering work by Simon and collegues. The first part of this work 

was therefore focussing the question if accelerated telomere shortening in selected lymphocytes 

of depressed can be demonstrated. Additionally, the duration of the disease was to be highlighted 

by the subcategorization of remitted depressed individuals by their number of past depressive 

episodes (1 vs. >1 depressive episode). 

 

 

1.2.7 Cognititive alterations and their association with electrophysiological changes in 

depression 

Cognitive alterations and associated impairments affecting e.g. memory functions, speech 

processing, or attention, are profound observations in depression that contribute to the clinical 

diagnosis (Burt, 1995; Robbins et al., 1992; Bradley et al., 1995; Calev et al., 1996; Kalska et al., 

1999; Tavares et al., 2003). One method to investigate these alterations relies on the possibility to 

track neuronal activity with a high temporal resolution by electroencephalography. A special 

averaging technique allows the investigation of these cognitive processes related to a specific 

stimulus represented in the EEG in a component called the “event-related potential”. Many 

different findings related to neurocognitive changes in neuropsychiatric disorders including 

schizophrenia, depression and obsessive-compulsive disorders could be obtained by this 

technique. First, a general introduction to event-related potentials will be provided followed by 
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the introduction to cognitive changes related to depression that were of central interest in this 

study. 

 

 

1.2.7.1   Event-related brain potentials: a powerful tool to investigate neurocognitive    

              changes in depression 

The event-related potential technique has become a strong and reliable tool to investigate 

psychocognitive functions and their alterations in a variety of diseases (Carretie et al., 2001). The 

most prominent advantages of the technique are that it is non-invasive, repeatable and relatively 

economic. Like no other method ERPs allow the tracking of central nervous phenomena that 

occur in a time range of milliseconds where conscious cognitive processes take place (Gazzaniga, 

1998; Fig. 9). Also the clinical implication and the general acceptance by the patients, including 

those with psychiatric disorders, is relatively high.  

The EEG signal is recorded by electrodes positioned on the scalp and used to isolate the event-

related potential (ERP) of interest by a specialized averaging technique that allows to extract the 

ERP dominated by the specific neuronal response whereas the background EEG activity is 

diminished by the averaging process. ERPs are voltage fluctuations that occur synchronously to 

sensory, motor and cognitive processes and therefore represent synchronous activation patterns of 

multiple neurons (Friedman et al., 2001). Event-related potentials result from alterations of 

polarization at cell membranees within the central nervous system. The passage of ions through 

glial and neuronal membranees results in current. Currencies caused by synchroneous firing 

patterns of large neuronal groups can be derived from the surface and used to track cognitive 

processes. Each ERP component reflects brain activation associated with one or more mental 

operations. ERPs are characterized by simultaneous multi-dimensional online measures of 

polarity (negative or positive potentials), amplitude, latency, and scalp distribution (Picton et al., 

1995). Therefore, ERPs can be used to distinguish and identify psychological and neural sub-

processes involved in complex cognitive, motor, or perceptual tasks. The event-related potentials 

represent intracerebral information processes and are a fundamental correlat with a relatively 

sharp time domain but a relatively bad spatial resolution (Gazzanigga, 1988). Source analysis of 
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the neuronal activity contains deficits and is often complemented by functional magnetic 

resonance imaging that has contrary characteristics of a good spatial but poor temporal resolution 

(Gazzaniga, 1998; Fig. 9). 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

 

 

Event-related potentials are subclassified into evoked and emitted potentials (for a review see 

Picton et al., 1995). Evoked potentials are triggered by physical stimuli and can be both 

endogeneous or exogeneous. Emitted potentials are always endogeneous and not influenced by 

the physical stimuli. Emitted potentials occur e.g. as an preparation of an motor response or as a 

wave with a specific peak latency. One example is represented by the P300. It is the third positive 

component in a wave complex (Fig. 10). Many different event-related potentials have been 

discovered that represent distinct neuronal processes that can be used in clinical research. The 

most prominent stimulus-related components are the N200, the P300 (including frontal P3a and 

parietal P3b), and the N400. Additionally, event-related components can be response-locked. The 

„Error-related negativity“ or ERN is a prominent representative for these response-related 

components (Gehring et al., 1993; Falkenstein et al., 1995). 

Fig. 9: Spatiotemporal re-
solution comparison of the most 
prominently used examination 
techniques in cognitive 
neuroscience. Event-related 
potentials track cognitive processes 
with a good temporal (ms) but poor 
spatial resolution. Today different 
methods are combined to overcome 
the single methodological 
disadvantages (ERP: event-related 
potentials; PET: positron emission 
tomography; fMRI: functional 
magnetic resonance imaging; MEG: 
magneto-encephalography; TMS: 
transcranial magnetic stimulation 
(from Gazzaniga, 1998). 
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Exogenous components occur in a time window between 0-100 ms after a given stimulus. They 

do not rely on psychological conditions but are defined by physical characteristics of the 

presented stimulus like the intensity or the interstimulus-interval. One example of exogenously 

evoked potentials are the auditory evoked potentials of the brain stem that can be influenced by 

the amplitude or the frequency of the given stimulus (Hillyard et al., 1995; Fig. 10).  

Endogenous components occur ± 100 ms after the presentation of a stimulus. These components 

are characterized and influenced by processes like attention, awareness, or the information 

strategy activated to process a stimulus. Endogeneous components are influenced by the modality 

of the stimulus (optical, acoustic, sensorical), the EEG participant itself and the given task. 

Central nervous processes of early components are relatively well known. In contrast, relatively 

little is known about the later components. They are hypothesized to result more from cortical 

phenomena including excitatory and inhibitory postsynaptic potentials than to arise from nervous 

action potentials (Picton et al., 1995). Multiple generators of specific surface potentials have been 

discussed. The subjective importance of the presented stimulus has a strong influence on the 

cognitive processing. Consequently, this also has an influence on the shaping of the ERP 

component of interest. 

 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
 

 

 

Fig. 10: Schematic represen-
tation of event-related 
potentials after acoustical 
stimulus presentation. 
Exogeneous components 
(continuous line) occur within the 
first 100 ms after a given stimulus 
and they are influenced by physical 
characteristics. Endogenous 
components (broken lines) occur  ± 
100 ms after stimulus presentation. 
They are mainly determined by 
psychological components. 
Consensusly negative oscillations 
are plotted above the x-coordinate 
(from Hillyard et al., 1995). 
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Neuronal processing has been categorized into two different forms termed „hot“ and „cold“ 

processing (Schaefer et al., 2003). Cold processing includes emotion-independent processing 

(Baddeley, 1996). It is thought to utilize neural networks including dorsolateral prefrontal cortex. 

Examples of cold processing include working memory and planing tasks, e.g. the tower of 

London task (Shallice, 1982). 

In contrast, hot processing includes emotion-dependent processing that is thought to utilize neural 

networks including orbitofrontal, ventromedial, prefrontal and anterior cingulate cortices (Smith 

et al., 1993). Examples include tasks that make use of affective material, tap reward processing, 

or tasks that produce an emotional response, such as conflict situations. A number of paradigms, 

for example decision-making tasks,  have shown that hot processing might be a core component 

of cognitive dysfunction that is present in depression (Roiser et al., 2006; Tavares et al., 2003; 

Chamberlain, 2004). The interpretation of the ERP component can be related either in a 

functional or a neuronal manner. The functional aspect tries to describe the psychological 

conditions under which a specific component can be elicited. Based on the electrical correlates of 

cognitive processes, as represented by these components, research tries to estimate the temporal 

and spatial processing of these psychological conditions that lead to a specific amplitude, latency, 

area and topographic distribution. The amplitude/area represents the magnitude of neuronal 

activity, the latency represents the timepoint of neuronal activation and the topographic 

distribution leads to the activation pattern and the involved brain areas. 

Executive functions and cognitive processes have a high vulnerability towards the influence of 

depression and the manifestation of the disease on these processes (Austin, 2001). Mood 

disorders have been associated with a distinct pattern of cognitive impairment (Austin et al., 

2001). Additionally, a general psychomotor retardation has long been regarded as a central aspect 

of depression (Wildlöcher, 1980). Electrophysiological examinations like the event-related 

pontial technique are used to investigate cognitive processes in the brain. They are suitable as 

biological markers of physiological and pathological brain alterations, as they allow to measure 

neuronal activity triggered by a distinct stimulus that initiates distinct cognitive and/or emotional 

processes. Therefore, a variety of event-related potential experiments have been established that 

reliably trigger neurocognitive processes of interest and their impairments related to neurological 
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and/or neuropsychiatric disorders (Picton et al., 1995). ERPs could be used as biologcal markers 

of diagnosis, clinical therapeutical response and outcome in most of all major psychiatric 

diseases.  

Besides that stimulus-related ERPs, most prominently represented by the P300 and the usage of 

oddball paradigms (Sutton et al., 1965), one response-related ERP called the “Error-related 

negativity“ (ERN; Gehring et al., 1993; Dehaene et al., 1994) or “Error negativity“ (Ne; 

Falkenstein et al., 1995) has been demonstrated to by altered in acute depression (Elliot et al., 

1998; Chiu et al., 1997; Ruchsow et al., 2004). In the following an introduction to this special 

ERP component will be given that was investigated in this study. 

 

 

1.2.7.2   The Error-related negativity: an introduction 

In the presence of response conflict people are known to sometimes make fast, impulsive errors 

based on partial, incomplete analysis of the stimulus. Such impulsive errors are known as “slips” 

(Reason et al., 1990). Within 50-100 ms following the commission of such a slip, a large negative 

deflection with a maximum at frontocentral electrodes termed “Error-related negativity” (Gehring 

et al., 1993) or simply “Error negativity” (Ne; Falkenstein, 1995) occurs in the EEG (Fig. 11A).  

The ERN is considered to be a robust and reliable electrophysiological measure of the initial 

engagement of an intact response-monitoring system within prefrontal brain areas that provides 

resources for early detection of an error or conflict (Gehring et al., 1993; Falkenstein et al., 1995; 

Herrmann et al., 2004; for a review see Chiu and Deldin, 2007). The functional significance of 

the ERN remains controversial and there exists at least three competing theories. The first theory 

claims that the ERN reflects the output of an error detection system (Holroyd and Coles, 2002).  

Rather than reflecting error detection per se, the conflict monitoring theory claims that the ACC’s 

detection of conflict produces the ERN, and that errors are merely associated with increased 

conflict (Carter et al., 1998; 1999). The third theory proposes that the ERN is not merely a 

reflection of the evaluation of an error or of conflict, but instead reflects the affective 

consequence of expectancy violations (Tucker and Luu, 2003). 
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Fig. 11: (A) The Error-related negativity and (B) the anterior cingulate cortex.  
Source localization and fMRI revealed that the ACC (anterior cingulate cortex), part of the brain’s limbic 
system, is the source of the ERN, the electrophysiological correlate of error-monitoring processes (from 
Dehaene et al., 1994). This component has been in focus of investigation related to a variety of clinical 
questions and can be reliably elicited by choice decision- or Go-Nogo tasks (from Gehring et al., 1995). 
Amplitudes are given in µV. 
 

 

 

1.2.7.3   The anterior cingulate cortex is the source of the Error-related negativity 

The pathophysiological effects of depression on mental processes are complex and include 

anormalities not limited to a single brain region. Multiple theories implicate the ACC (anterior 

cingulate cortex; Fig. 11B) in these prefrontally dependent processes but have described different 

functions to the medial frontal region including monitoring conflict between competing responses 

(Carter et al., 1998; Botvinick et al., 2004), detecting errors in one’s behaviour (Scheffers et al., 

1996; Coles et al., 2001), selecting specific responses in the service of goals (Turken and Swick, 

1999), regulating arousal level (Critchley et al., 2001; Paus et al., 2001), predicting the likelihood 

of committing an error (Brown and Braver, 2005) and attentional and motivational processes 

(Bush et al., 2000). First evidence for the association of the ACC in these functions came from 

studies using source localization (Dehaene et al., 1994; Holroyd et al., 1998; Van Veen and 

Carter, 2002), magnetoencephalography (Miltner et al., 2003), and intracerebral recording 

(A) (B) 
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(Brazdil et al., 2005). Several neuroimaging studies confirmed the activation of the ACC in 

association with errors (Carter et al., 1998; Kiehl et al., 2000). 

Studies implicating the ACC as a probable neural generator of the ERN (Dehaene et al., 1994, 

Van Veen et al., 2002, Ridderinkhof, 2004; Cohen et al., 2000), a component that likely reflects 

dopaminergic activity related to the ongoing evaluation of errors and response conflict (Holroyd 

and Coles, 2002; Yeung et al., 2004), also provide experimental evidence that paralimbic regions, 

including the ACC, recruit activity in executive brain areas that modulate affective and 

behavioural responses when actual and intended goal states differ (Gehring et al., 2000; Bernstein 

et al., 1995).  

There is increasing evidence that the ERN also relates to motivational and affective variables, and 

might be tied to neural systems that support defensive behaviors and avoidance learning (Frank et 

al., 2005; Hajcak and Foti, 2008). Additional confirmation of the relationship between the ERN 

and the ACC came from human lesions studies showing that patients with ACC lesions showed 

diminished ERNs (Stemmer et al., 2004) and from single-unit studies that show increased error 

potentials in the anterior cingulate cortex in monkeys (Gemba et al., 1986; Ito et al., 2003).  

 

 

1.2.7.3.1 The anterior cingulate cortex shows both morphological and functional 

alterations in depression 

The precise role of the ACC in monitoring, evaluating, and correcting behaviour remains unclear 

despite numerous theories and much empirical data implicating it in cognitive control (Magno et 

al., 2006; for a review see Carter and van Veen, 2007). Especially the executive functions 

affected in acute depression are thought to be mediated by the prefrontal cortex, the ACC and 

their interaction (Suchan et al., 2003). In depressed patients several PET and fMRI studies have 

demonstrated a hypoactivity in both the dorsolateral and dorsomedial prefrontal cortex as well as 

in the pregenual region of the ACC (Drevets, 1998; Beauregard et al., 1998; Bench et al., 1992; 

Drevets et al., 1997; Davidson et al., 2002). It has been suggested that this decreased activation in 

the left prefrontal cortex results in deficits of goal-derived behaviour, strategic reasoning, the 

generation of new rules, and exertion of cognitive control in depressed patients (Carter et al., 
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1998, Davidson et al., 2002). Of clinical relevance, the neural generators of the ERN identified in 

source localization analyses and the brain areas identified in fMRI studies of error processing 

overlap with brain areas implicated in treatment response in depression (Pizzagalli et al., 2006; 

Davidson et al., 2002). Changes in frontostriatal-limbic function appear to be altered on the 

course of depression (Alexopoulos, 2002). Antidepressant treatment decreases the metabolism of 

the anterior cingulate, and this decrease is associated with favourable response (Wu et al., 1999; 

Drevets et al., 2002; Mayberg et al., 1997). The reduction in activation, particularly in the region 

of the left prefrontal cortex, appears to be partially a function of reduction in the volume of gray 

matter as revealed by MRI-derived morphometric measures and post-mortem neuropathologic 

studies (Drevets et al., 1997; Hirayasu et al., 1999; Ongur et al., 1998). 

A growing literature suggests that increased activity in paralimbic, emotion-related neural 

structures and aberrant connectivity among these regions contribute to maladaptive affective 

reactions and sensitivity to negative cues in depression (Anand et al., 2005, Drevets et al., 2000, 

Liotti et al., 2001; Mayberg et al., 2003). Depressed individuals appear to exhibit an exaggerated 

response in the ACC that contributes to an imbalance in corticolimbic networks that shifts 

influence to limbic regions. Indeed, research has observed increased metabolism in the rostral 

ACC coupled with decreased activity in prefrontal cortical areas among nondepressed individuals 

in whom sadness was induced (Liotti et al., 2001). Similarly, depressed patients show increased 

activation of the ACC and paralimbic brain structures in response to negative stimuli (Anand et 

al., 2005).  

In summary these findings indicate that excessive sensitivity to negative cues may be associated 

with enhanced activity in regions of the ACC and anomalous corticolimbic connectivity, which 

may then contribute to the disruption of emotion regulation processes.  

The dorsal anterior cingulate cortex and associated regions of the medial frontal wall have often 

been hypothesized to play an important role in cognitive control (Carter and van Veen, 2007; 

Davidson et al., 2002). Depressed mood and psychomotor retardation are associated with low 

metabolism of the left angular gyrus and the left dorsolateral cortex (Bench et al., 1993), 

structures connected with the cingulate and the amygdala. Additionally, research has focused on 
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“circuitry of emotions” encompassing prefrontal cortex, ACC, hippocampus and amygdala 

(Davidson et al., 2002). 

Depression is characterized by a variety of cognitive impairments including memory (Robbins et 

al., 1992; Bradley et al., 1995; Burt et al., 1995; Calev et al., 1996; Kalska et al., 1999; Tavares et 

al., 2003), executive functions (McKay et al., 1995; Elliott et al., 1996) and attentional shifting 

(Purcell et al., 1997) that have a strong influence on the patient’s mental state and life quality. In 

contrast, relatively automatic processes seem to maintain intact (Channon et al., 1999). In the last 

decade two distinct areas, namely the anterior cingulate cortex and the prefrontal cortex, have 

been the subject of increasing attention in neuroimaging and electrophysiological research on 

depression. Both the ACC and the lateral parts of the prefrontal cortex are believed to play an 

important part in attentional control (Smith and Jonides, 1999). However, it is still controversial 

what role exactly is played by these two systems and how they interact with each other (Bush et 

al., 2000, Gehring and Knight, 2000). Van Veen and Carter suggested that certain disturbances in 

cognition and behaviour in common mental disorders can be understood as resulting from 

alterations in performance monitoring functions associated with these brain regions (van Veen 

and Carter, 2002). 

 

 

1.2.7.5  The Error-related negativity in depression 

One central aspect is related to the report that depressed patients often are biased towards 

evaluating their performance in a more negative way resulting in a behaviour termed “learned 

helplessness” and leading to decrimental effects in performance (Elliott et al., 1996). Excessive 

sensitivity to negative environmental cues has long been posited to play a significant role in the 

etiology and maintenance of depression (Beck, 1967, Ingram et al., 2006; Leppanen, 2006). Such 

impairments are consistent with cognitive theories of depression that suggest emotional and 

behavioural manifestations of depression are maintained by an automatic tendency to distort 

environmental information in a negatively biased way (Beck, 1967, Ingram et al., 2006). 

According to Beck’s cognitive theory, increased vulnerability to depression results from the 

activation of negative schemes about worthlessness, loss, and expected failure when facing 
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stressors (Beck et al., 1979). Abnormal responses to negative outcomes might thus be a 

manifestation of such depressiogenic cognitive schemes. Depressed individuals consistently 

magnify the significance of failure (Tucker et al., 2003, Wenzlaff et al., 1988). They exhibit bias 

towards negative self-descriptors (Williams et al., 1997), have difficulties to recover once an 

error has been committed, and show detrimental sensitivity to mistakes and negative feedback 

(Steffens et al., 2001, Elliott et al., 1998, Murphy et al., 2003).  

Conceptually, depression appears to be characterized by an increased sensitivity to committing 

errors. This is consistent with studies that report an increased ERN in depression. Hajcak and 

colleagues (Hajcak et al., 2004) argued that an abnormal ERN amplitude may not be specific to 

pathological conditions of depression or pathological anxiety, but rather reflect an underlying 

characteristic that is central to both of these disorders – negative affect (Luu et al., 2000).  

The ERN is a relatively new candidate for a biological marker of depression and relatively little 

is known about its characteristics in the different states of the disease. Different results have been 

reported for the ERN in acute depression. While performing a Stroop task, depressed subjects 

showed a larger ERN amplitude compared to controls (Holmes and Pizzagalli, 2008), suggesting 

that depression is characterized by both a hypersensitivity to internal (errors) and external 

(feedback) cues of performance monitoring. Additionally, while performing a Flanker task, 

depressed subjects had greater ERN amplitudes in neutral and punishment conditions compared 

to controls (Chiu and Deldin, 2007). Ruchsow and coworkers also reported a decreased ERN in 

depressed patients (Ruchsow et al., 2004). They related their findings to an impairment in 

response-monitoring processes.  

To our knowledge no data is available about the characterstics of the neutral, response-related 

ERN in remitted depression. By the characterization of the ERN in remitted depression it was 

tested whether this component could lead to a state marker of the disease because one could 

hypothesize that the status of clinical remission would implement a normalization and therefore a 

recovery of the error-monitoring processes impaired in the acute status of the disorder. This study 

was based on the suggestion by Olvet and Hajcak, who raised this question about the significance 

of the response-related ERN as a state marker of depression (Olvet and Hajcak, 2008). 
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1.3 Aims of the study 

Depressive disorders are heterogeneous and diagnosed on the basis of patients symptoms, reliable 

biological markers are not available. The elaboration of such biomarkers is therefore of great 

clinical interest. In this study different depression-associated biological alterations were 

combined (Fig. 12) to test the following hypotheses that might deliver new aspects in the 

development of a biomarkers of depression itself or the clinical status of the disease.  

 

1.3.1 Accelerated immunosenescence in depression 

Quantitative fluorescence in situ hybridization was performed on three primary immune cell 

populations, namely CD4+ and CD8+ T- and CD20+ B cells, to test the hypothesis of accelerated 

telomere shortening and therefore accelerated aging in selected lymphocyte populations. 

Additionally it was tested if the data provide first indications that the possible accelerated 

telomere erosion shows an association with the number of past depressive episodes and therefore 

with the duration of the disease.  

 

1.3.2 S100B as a possible state marker of depression 

An ELISA was performed to compare serous S100B levels of remitted depressed and age-

matched control subjects. The hypothesis of this study suggests that S100B serum levels of 

remitted depressed might show a normalization related to healthy controls. This normalization 

could indicate the status of clinical remission and therefore serum S100B might be further tested 

for its usage as a clinical state marker of depression. Remitted depressed were further 

subcategorized based on the median S100B into subjects with relatively high and low S100B 

levels. The two subgroups were tested for differences in the clinical test scores that were 

performed to estimate depressive symptom severity. Antidepressant medication has been reported 

to cause an increase of serous S100B in acute depression. To substantiate the knowledge about 

S100B in remitted depression, the general influence of antidepressant medication on the S100B 

serum level in remitted depressed was investigated.  
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1.3.3 Characterization of the Error-related negativity and the association with S100B in 

remitted depression 

An EEG experiment was performed using the Eriksen-Flanker task to characterize the Error-

related negativity for the status of remitted depression and to provide first data if this event-

related potential could be used as an electrophysiological state marker of depression.  

Studies have demonstrated that S100B shows an effect on neurocognitive and memory processes 

in remitted depressed as reflected in the “old/new effect” during a word-recognition paradigm. To 

test the possible effect of S100B on error-monitoring processes in remitted depression, the 

patients group was subdivided into subjects with relatively high and low S100B levels and the 

two groups were statistically compared for ERN differences. 

 

1.3.3.1 The Error-related negativity in remitted depression 

The Error-related negativity, a large negative going event-related potential, occurs in the EEG 

following erroneous responses in a speeded choice reaction task. Although different reports have 

demonstrated that the ERN component shows significant alterations in acute depression, no data 

has been reported about the ERN characteristics in remitted depression and its usage as a clinical 

state marker of depression. Therefore it was tested in this study whether the ERN shows a 

normalization in clinical remission in comparison to age-matched healthy subject that would 

provide preliminary support that ERN could be used as an electrophysiological state marker of 

the disease.  

 

1.3.3.2 S100B and its possible impact on the Error-related negativity 

A previous  EEG study performed in our clinic used a word-recognition task to investigate the 

influence of different S100B serum levels on the recovery from memory impairments reported in 

acute depression. The study compared the old/new-effect, a specific EEG compound that arises 

after the recognition of a previously presented word in a recognition task. The identification of a 

previously presented word causes an electrophysiological change illustrated in the associated 

ERP. The results provided evidence that remitted depressed patients with moderately increased 

S100B serum levels show a normal old/new-effect in contrast to a reduced old/new-effect in 



 Introduction 

 -61- 

remitted patients with normal S100B levels. It was concluded that these findings point towards an 

association of S100B levels on the recovery of memory processes impaired in acute depression. 

In line with these results the S100B serum levels were tested for their possible associative role in 

error-monitoring processes. In acute depression such an association can be suggested because 

both factors are altered in acute. Due to the hypothesis that remitted depression is characterized 

by a normalization of both the ERN and S100B in serum in comparison to healthy controls, no 

significant anormalities were expected to be found. The total normalization of both the ERN and 

S100B would provide evidence for their use as clinical state markers of the disease.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
Fig. 12: Biological alterations in depression 
Different biological, depression-associated alterations from different fields were combined in this study to 
investigate two hypotheses. Firstly, the concept of accelerated immunosenescence in depression was based 
on the biological alterations in depression marked in red. These alterations were combined and tested on 
the telomere hypothesis of accelerated aging and immunosenescence. Secondly, the association between 
the glial S100B protein and neurophysiological alterations (ERN) in depression (green) and their possible 
usage as state markers of the disease were tested (adapted from Mössner et al., 2007). 
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2. Material and Methods 

 

2.1. Study participants 

2.1.1. Recruitment of study participants, clinical assessment and self-report measures 

Study participants were recruited by public advertisement in local press and poster calls within 

the Hannover Medical School. Study applicants with concurrent diagnosis of neurological or 

general medical disorders (e.g. dementia, stroke, Parkinson’s disease, head injury, anxiety 

disorder) were excluded from the study. Exclusion criteria further involved any current (RD 

group) or past axis I diagnosis (control group: clinical disorders, including major mental 

disorders and learning disorders). Following an initial telephone screening in which basic 

exclusion criteria were applied (Table 2), qualifying participants were invited to the laboratory 

for blood donation and to perform a clinical test battery to assess present depressive symptom 

severity. Further, selected study participants were chosen based on age and the best battery 

results to participate in the EEG experiment. All EEG participants were right-handed. 

In total, 101 study participants were recruited. The first group consisted of 49 female remitted 

depressed patients who were not experiencing any clinically relevant depressive symptoms within 

the past six months since remission. All remitted depressed reported the periodic consultation of 

the primary care physician. The control group consisted of 52 healthy nonpsychiatric women. All 

study participants were german native speakers. Remitted depressed and healthy control subjects 

were matched for age and education. Prior to all practical work and experiments, participants 

provided written informed consent to a protocol approved by the Ethical Committee of the 

Hannover Medical School (number of ethical approval: 4840, Hanover Medical school, 

Germany). Participants were informed that the participation was voluntary and a withdraw of 

participation was possible at any time without negative consequences for their medical health 

care. Blood sample collection was performed by medical students or by the staff of the clinic. 

Participants received 45 € for study participation.  
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Table 2: Inclusion criteria for study participation 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

Participants completed the Beck’s depression inventory (BDI; Beck et al., 1961) to measure the 

current depression symptom severity. Additionally, material- and emotional well-being was 

assessed using the german brief symptom inventory BSI (Derogatis, 1993) and the Bf-S scale 

(Befindlichkeits-Skala; von Zerssen, 1976). To test language skills and to passively assess 

intelligence, study participants performed the german MWT-B test (Mehrfachwahl-Wortschatz-

Intelligenz-Test; Lehrl, 2005). All study participants were clinically interviewed, remitted 

depressed were additionally asked to give information about the total number of past depressive 

episodes, accomplished and compared with clinical documentation provided by the patients. 

 
 
 
2.2.  Telomere length measurement in lymphocytes 

Three lymphocyte populations, namely CD4+ and CD8+ T cells and CD20+ B cells, were 

selected for the telomer length comparison between remitted depressed and healthy age-matched 

controls. To estimate telomere length in lymphocytes first peripheral blood mononuclear cells 

were isolated from whole blood by Ficoll-dense gradient centrifugation and the target cells were 

purified by MACS separation. To assess telomere length in isolated lymphocytic cells 

quantitative fluorescence in situ hybridization was performed. The telomere fluorescence 

intensities from qFISH-hybridized cells were used for a group-wise statistical comparison. 

Telomere study: 
- gender: female 
- age range: 40-65 years 
- no head trauma; no loss of consciousness > 10 min  
- no neurological/neurophychiatric comorbidities 
- MWT-B score ≥ IQ 90 (= MWT-B score > 20) 
- ICD-10: F32.0-2 Depressive episode: currently in remission 
                 F33.4 Recurrent depressive disorder, currently in remission    
- Remitted depressed: A minimum period of 6 months since clinical remission; 
- Healthy controls: no past axis I-diagnose; no anxiety disorders 
 
additional criteria for EEG participation: 
- BDI score < 17 
- right-handed subjects 
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2.2.1. Isolation of peripheral blood mononuclear cells from whole blood 

In conformity with the written consent each study participant gave a maximum of 40 ml blood 

(EDTA S-monovettes, Sarstedt). All blood work was performed in a biosafety level 2-laboratory. 

For Ficoll-Paque dense gradient centrifugation 50 ml Falcon tubes were prepared with 12.5 ml 

Ficoll-Paque. The blood was given onto the Ficoll without mixing the two phases. The blood was 

centrifuged at 2000 rpm and RT for 20 min (inactivated brake). After centrifugation 10 ml 

supernatant (plasma and thrombocytes) above the PBMC containing interphase layer was 

removed. The interphase containing the PBMCs was collect with a 10 ml pipette, translocated 

into a new 50 ml Falcon-tube and filled up to a volume of 50 ml with PBA buffer. In the 

following two washing steps were performed first with a centrifugation performed at 1500 rpm, 

the second centrifugation was done at 1200 rpm (10 min at 4° C). After removing the 

supernatant, the cell pellet was resuspended in PBA buffer to a final volume of 50 ml. 10 µl of 

the suspension was used for cell quantification in a Neubauer cytometer chamber (+ 10 µl Trypan 

Blue). Following manufacturor’s manual the total cell number and the amount of MACS beads to 

be used for magnetic labelling of the cells was calculated (Miltenyi Biotech, Germany; 20 ml 

beads for 107 cells). After the isolation of PBMCs, 1-1,5* 107 cells were used for MACS 

separation and further centrifuged at 1200 rpm for 10 min. Remaining PBMCs were stocked for 

following studies. After centrifugation the supernatant was removed and the cell pellet was 

resuspended in FCS/DMSO (10:1). PBMC aliquots (3-5 x 106) were placed into a Freecingboy™ 

to avoid cell loss during freezing procedure and stored at -80° C. After six hours, the stocks were 

stored under standardized conditions (-80° C).  

 

 

2.2.2 Magnetic separation of lymphocytes 

A protocol provided by our collaborating group (Prof. Dr. Rudolph, Institute of Molecular 

Medicine and stem cell group of Aging Research, University of Ulm) was used for MACS 

separation. Alternatively, the protocol provided by the supplier can be followed (Miltenyi 

Biotech, Germany). PBMCs were resuspended in PBA buffer and centrifuged at 900 rpm for 10 

min at 4° C. The supernatant was removed and cells were resuspended in 950 µl pre-cooled PBA 
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buffer (4° C). According to the total cell amount the approximate volume of MACS beads was 

used (20 µl /107 total cells). The cells were refilled to a final volume of 1 ml and incubated for 20 

min at 4-12° C. In the following the Falcon tube was filled up to 50 ml and the cells were 

centrifuged at 1200 rpm for 10 minutes at 4° C. During ongoing centrifugation one separation 

column per sample (LS column, Miltenyi Biotech, Germany) was placed in the magnetic socket 

of the MACS Separator (MidiMacs magnet, Miltenyi Biotech, Germany) and equilibrated with 3 

ml PBE buffer. After centrifugation the supernatant was removed and the cell pellet was 

resuspended in 2 ml pre-cooled PBE buffer. The cell suspension was applied onto the column. To 

increase cell harvest, the Falcon tube was washed out with 2 ml PBE buffer to collect remaining 

cells. The LS column was washed with 3 x 3 ml PBE buffer. The columnn was removed from the 

separator magnet and placed on a suitable collection tube. 3 ml PBA buffer were pipetted onto 

the column and the cell fraction of the magnetically labeled cells were flushed out by firmly 

applying the plunger supplied with the column. The cell suspension volume was filled up to a 

final volume of 5 ml. 10 µl of the suspension were used to count the total cell number in a 

Neubauer chamber to estimate the volume of cell suspension required for qFISH. 1- 2 x 105 cells 

were to be used for a randomly performed purity check by flow cytometry. After MACS 

separation the target cells were centrifuged at 1200 rpm for 10 min at 4° C. Supernatant was 

removed and the cell pellet was resuspended (2x) in methanol/ acetic acid (3:1) for fixation. 

Ready-made fixed lymphocytes were stored under standardized conditions (-80° C).  

 

 

2.2.3. Purification analysis of magnetically isolated lymphocytes by flow cytometry 

After the elution of the target cells the purity of the fractions was estimated by flow cytometry. 

CD4-PE (Cat. 130-091-231) was used for CD4+ cells, CD8-PE (Cat. 130-091-084) for CD8+ 

cells and CD20-PE (Cat. 130-091-109) for CD20+ cells. All PE-antibodies were provided by 

Miltenyi Biotech. The anti-human PE-antibodies bind to an alternative epitop than the MACS 

beads. A minimum of 85 % purity was set as threshold. Due to the reliability and the commercial 

intercourse of this technique, samples were chosen randomly for a purity check. In total, 20 % of 

the samples were analyzed. PE-labeling and flow cytometry were performed following the 
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manufacturer’s manual (Miltenyi Biotech, Germany). FlowJo 9.0.1 software (Tree Star Inc., 

Ashland, U.S.A.) for Macintosh computers (Apple Computers, Cupertino, USA) was used for 

data analysis.  

 

 

2.2.4 Quantitative fluorescence in situ hybridization (qFISH) 

2.2.4.1 qFISH protocol 

Telomeres were hybridized in situ with fluorescein-labeled specific PNA probes ((Cy3-OO-

(CCC-TAA)3; Applied Biosystems, USA). PNA probes are synthetic mimics of ss-DNA with 

bases attached to an uncharged peptide-like backbone. The amount of bound PNA probes is 

directly equivalent to the amount of total telomeric monomer units and therefore the intensity of 

positive signals is directly proportional to the telomere length of the hybridized cell.  

According to the total cell amount estimated after MACS purification, the adequate amount of 

fixed cells (1* 105) was dropped onto Superfrost slides. After the evaporation of the fixation 

solution (± 5 min at RT) slides were incubated in prewarmed (37° C) pepsin solution for 10 

minutes (37° C; water bath). In the following step cells were washed 3 x 5 minutes in PBS buffer, 

dehydrated (ethanol series: 70 % -> 90 % -> EtOH abs.) and dried at room temperature for 5 

minutes. Ad interim a hot plate was set to 80° C for a following denaturation step. 20 µl of 

hybridization mix was applied to the cells, a coverslip was immediately placed onto the slides 

and the solution was spread evenly under the coverslip to avoid air bubbles. Due to light 

sensitivity of the hybridization mix the following steps were performed in the dark. The slides 

were placed onto the hot plate and denaturation was performed for three minutes at 80° C. The 

slides were removed from the hot plate and stored in a humid chamber (sealable plastic container 

with damp towel paper) for two hours at room temperature. After hybridization the cover slips 

were removed and the cells were washed 2 x 20 minutes in washing buffer followed by an 

incubation for 3 x 5 minutes in TBS-tween (1%). The cells were washed again 2 x 5 minutes in 

PBS buffer, dehydrated in an ethanol series (70 % -> 90 % -> EtOH abs.) and then dryed at room 

temperature for five minutes. Finally, 30 µl of mounting solution (Antifade + DAPI [Vectashield, 

Vector # H1200]) was applied to the cells. A cover slip sealed the mounted cells after the solution 
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was spread under the coverslip. Prior to microscopy slides were stored in the dark for 15 min to 

allow DAPI to stain the cells.  

 

 

2.2.4.2 Measurement of telomere fluorescence intensities in lymphocytes and statistical 

examination 

The qFISH-processed cells were examined using an epifluoerescence microscope with the 

appropriate Cy3-filters. Initially, 20-100x magnification was used to locate dense areas of cells 

on the slide. Digital images of DAPI- (cell core) and Cy3-costained cells (telomeres) were 

captured with 1000x optical magnification by a digital camera system (Leica microscope 

DM5000B, Leica Germany). The microscopic fluorescence sensitivity was optimized for image 

aquisition to avoid inappropriate exposure. By this means image capturing was performed under 

standard conditions for all samples (exposure time: 250 ms; microscope sensitivity: threshold 

level 2). CD4+, CD8+ and CD20+ lymphocytes from a thirty years old male healthy donor were 

used as internal standard in each qFISH group (6 samples; randomly selected + 1 internal control) 

and the telomere fluorescence intensity of the internal standard was set to 100 %. The mean 

telomere fluorescence intensity of each sample was estimated and related to the telomere 

fluorescence intensity (TFI) of the internal control of the respective qFISH group.  

To inrease data quality the number of cells per sample to be analyzed was raised from the stated 

value of 50 up to 100 cells for CD4+ cells and up to 75 cells for CD8+ and CD20+ lymphocytes. 

Digital images were randomly selected from the dataset and the measurement of telomere 

fluorescence intensities was performed using TFL-TeloV2 software (Lansdorp, 1996). Digital 

images of DAPI- and Cy3-costained cells were merged to exclude false positive telomere 

fluorescence signals from outside the cell core. The telomere fluorescence intensities resulted 

from the automatically, software-generated difference between telomere fluorescence intensities 

substracted from background noise. Microsoft Excel (MS Office 2003, Microsoft, USA) was 

used for raw data sortening, statistical analysis was performed with SPSS (SPSS GmbH, Munic, 

Germany) for Macintosh computers (Apple Computers, Cupertino, USA).  
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2.3 Technical equipment, laboratory material, chemicals, buffers and qFISH media   

2.3.1 Technical equipment 

AutoMACS device: AutoMACS Separator, Miltenyi Biotec GmbH, Germany 

QuadroMACS seperator unit and MACS multistand: Miltenyi Biotech, Germany 

Miltenyi LS MACS columns for up to 1x108 magnetically labeled cells from up to 2x109 cells 

FACS equipment: FACSCaliburTM, BD Biosciences, San Jose, CA, USA 

Glass ware: Schott AG, Mainz, Germany 

Heating block: Thermomixer comfort, 1,5 ml, Eppendorf, Hamburg, Germany 

Pipetts Research® (variabel): 0,5-10 µl, 10-100 µl, 100-1000 µl, Eppendorf, Hamburg, Germany 

Pipetus®, Hirschmann® Laborgeräte, Eberstadt, Germany 

Cell culture bench: S1/S2: HERAsafe HS, Heraeus Instruments GmbH, Osterode, Germany 

Vortex: REAX control, Heidolph, Schwabach, Germany 

Waterbath: GFL, Model 1004, Burgwedel, Germany 

Neubauer cell counting-chamber, Brand GmbH + Co KG, Wertheim 

Centrifuges: Centrifuge 5415D for 1,5/ 2 ml reaction tubes, Eppendorf, Hamburg 

Megafuge 1.OR, Heraeus Instruments GmbH, Osterode, Germany 

Nalgene Mr. Frosty Cryo-Freezing container, Cat. S100-0001, USA 

Megafuge 3 S-R, Heraeus Instruments GmbH, Osterode, Germany 

Millipore Biocel A-10, Molsheim, Germany 

Leica microscope DM5000B, Leica, Germany 

Axiovert Microscope model 25, Carl Zeiss AG, Germany 

Sanyo -86° C freezer, VIP Series, San Diego, U.S.A 

  

 

2.3.2 Laboratory material 

Single-use pipettes: 2, 5, 10 and 25 ml, Sarstedt, Nümbrecht, Germany 

Pasteur pipettes: Brand GmbH + Co KG, Wertheim, Germany 

Pipett tips: 10, 200 and 1000 µl, Sarstedt, Nümbrecht 

Reaction tubes: 1,5 ml easy cap and 0,5 ml Microtubes, Sarstedt, Nümbrecht 
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Tubes for flow-through cytometry FACS: 5 ml, Sarstedt, Nümbrecht 

Falcon tubes: 15, 50 ml, Sarstedt, Nümbrecht 

Butterfly Safety-Multifly-Set Cat. 85.1638.235 

S-Monovette EDTA2+/ KE Cat. 8275001 

S-Monovette Serum Cat. 01.1601.100 

Cryo tube™ vials: Cat. 375418 NUNC GmbH, Langenselbold, Germany 

Superfrost microscopy slides, Menzel GmbH, Braunschweig, Germany 

 

 

2.3.3 Chemicals and buffers 

2.3.3.1 Chemicals 

Ethanol      J.T. Baker, Cat. 0930005003 

Methanol      J.T. Baker, Cat. 1005309003 

Acetic acid      J.T. Baker, Cat. 60824904021    

Formamide (Methanamide)    Merck Chemicals, Germany, Cat. 104008  

Ficoll-Paque ™ Plus     GE Healthcare, Sweden, Cat. 17-1440-03 

Mounting medium with DAPI (HL-1200)  Vector Laboratories, U.S.A. 

DMSO       Sigma St. Louis, U.S.A. Cat. 128K2350 

Tween 20       Sigma-Aldrich, U.S.A, Cat. P2287 

Bovine Serum Albumin (BSA)   PAA Laboratories, Austria 

Foetal calve serum (FCS)    PAA Laboratories, Austria  

Trypan Blue      Invitrogen, Germany 

 

 

2.3.3.2 Buffers 

Tris Buffer Saline (TBS), 10x:    80 mg NaCl, 2 mg KCl and 250 ml  

1M Tris-HCl (pH 7,5) MQ to make 1 liter 
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FACS Staining Media:  1x PBS containing 0,02% Sodium Acid and 2 

% Fetal Bovine Serum (FBS) 

 

MACS-Puffer       1x PBS, 0,5 % BSA, 2 mM EDTA 

 

10 % FCS (Fetal calve serum)    deactivated at 56° C for 60 min  

 

10× Phosphate Buffered Saline (PBS)   2,0 g potassium chloride (KCl)  

   2,1 g potassium phosphate monobasic  

   (KH2PO4)  

         11,6 g sodium phosphate monobasic  

         (Na2HPO4) 

                 80,0 g sodium chloride (NaCl) 

 adjust volume to 900 mL with purified water  

                         adjust to pH 7,0–7,5 

              adjust volume to 1 liter with purified water 

 

20 × SSC 1 % Tween 20 wash solution             175,32 g sodium chloride  

                         88,23 g sodium citrate  

                         adjust volume to 900 ml with purified water  

                         adjust to pH 7,0–7,5  

                         add 10 ml of Tween 20 

                         adjust volume to 1 liter with purified water 

 

PBA buffer:   phosphate-buffered saline with 2 % foetal calf 

serum (500 ml PBS buffer + 10 ml FCS) 

 

PBE buffer:       500 ml PBA buffer with 5 ml 0,2 M EDTA  

(2 mM EDTA) 
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2.3.3.3. Cell culture media and qFISH solutions  

Freezing solution: FCS/DMSO (10:1) 

Pepsin solution:      200 mg pepsin    

200 ml ddH2O    

168 µl HCl (37 %)   

    

Hybridization mix                175 µl formamid (deionized) 

(10 samples):                  21,4 µl magnesium chloride buffer 

 2,5 µl 1M Tris pH 7,2 

 5 µl PNA probe (25 mg/ml; Applied  

 Biosystems)  

                   12,5 µl blocking reagent  

(Roche, 10 % solution) 

                   33,6 µl ddH2O 

 

Magnesiumchlorid buffer:    25 mM magnesium chloride 

9 mM citratic acid 

82 mM Disodium hydrogen phosphat 

 

Washing buffer (100 ml):    70 ml Formamide 

1 ml 1 M Tris pH 7,2 

1 ml BSA 10 % 

 

 

2.4 Enzyme-linked immunosorbent assay (ELISA) estimation of S100B in serum 

Blood samples were centrifuged within 30 min after collection in a biosafety level 2-laboratory at 

the Department of Pediatric Haematology of the Hannover Medical School. Centrifugation was 

performed at 3500 rpm for 10 min at RT, 250 µl serum aliquots were stored at -80° C. Prior to 

the analysis serum aliquots were stored (minimum 30 minutes) at 4-8° C. S100B serum levels 
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were quantified using the LIAISON Sangtec 100 assay (AB Sangtec Medical, Bromma, Sweden) 

a two-site sandwich assay to estimate S100B serum levels by quantitative automated 

luminometric immunoassay analysis. The ELISA is based on parametric particles coated with 

two monoclonal antibodies and a monoclonal tracer antibody labelled with an isoluminol 

derivative. The analysis was performed using the manufacturer’s manual (AB Sangtec, Sweden). 

First, the magnetic particles, assay buffer and the sample were incubated together before unbound 

material was removed by washing. After the addition of the tracer and after a second incubation, 

unbound tracer was removed by a following washing step. Subsequently, the starter reagents 

were added, and the S100B concentration was determined from the chemiluminescence reaction 

induced. The amount of S100B is directly proportional to the light signal measured in RLU 

(Relative Light Units). Microsoft Excel (MS Office 2003, Microsoft, USA) was used for raw 

data- processing, statistical analysis was performed with SPSS (SPSS GmbH, Munich, Germany) 

for Macintosh computers (Apple Computers, Cupertino, USA).  

 

 
2.5 Electrophysiological examination of the response-related ERN in remitted 

depression 

2.5.1 Study participants 

16 remitted depressed and 16 healthy age-matched controls participated in the EEG experiment. 

After the evaluation of the self-report measures, the percentages of hit scores (errors) and 

artefacts in the EEG signal, datasets from 12 remitted depressed patients and 12 age-matched 

control subjects were used for ERN analysis. Eight remitted depressed were taking concurrent 

antidepressant medication at timepoint of participation (see 9.1.2B). Prior to the 

electrophysiological measures all study participants completed a test battery to measure the 

current depressive symptoms severity (BDI; Beck et al., 1961) and material- and emotional well-

being using the BSI (german translation of the Brief Symptom Inventory (Derogatis, 1993)) and 

the Bf-S (von Zerssen, 1976). To exclude a present recurrent episode at timepoint of EEG 

participation an additional interview was performed to ask the participants for depressive 

symptoms. A cut-off score < 17 was set for the BDI, maximally indicating a mild depression. The 
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MWT-B test (german word recognition test for intelligence assessment: Mehrfachwahl-

Wortschatz-Intelligenz-Test; Lehrl, 2005) was used to assess language skills and (word) 

intelligence.  

 

 

2.5.2 EEG recording and data acquisition 

The EEG was performed in the EEG laboratory of the Center for Mental Health at the Hannover 

Medical School. Participants were seated comfortably in front of a 19” computer screen with a 

distance of 100 cm. The experiment was performed in an electrically and acoustically shielded 

and darkened room separated by the experimentator and the technical equipment (for a schematic 

representation of the experimental setup see Fig. 13). The EEG was recorded using 32 channels 

mounted in an elastic cap (Easy-cap®) according to the International 10/20 System (Jasper, 

1958). All electrodes were referenced to the algebraically averaged activity of the right mastoid 

electrode. The EEG signal was amplified with a Neuroscan amplifier (bandwith DC-50 Hz) and 

A/D converted with 12-bit resolution at a rate of 250 Hz, digitally low-pass filtered with 30 Hz 

and digitally high-pass filtered with 0,10 Hz. Electrode impedance was kept below 5 kΩ. Eye 

movements were registered by horizontal electrooculography. The EEG data were processed off-

line with BrainVision Analyzer 1.1 (Brain Products GmbH, Germany). After removing segments 

with artefacts by independent component analysis, the method by Gratton and Coles was carried 

out to perform ocular correction (Gratton and Coles, 1983). EEG data was baseline corrected to 

an interval between -52 and 0 ms prior to the response. The response-locked ERPs for both 

correct and incorrect trials were averaged for control subjects and remitted depressed and grand 

averages were calculated. After visual inspection the Error-related negativity (ERN) was defined 

as the most negative peak for the interval between +25 and +125 ms post response. The mean 

ERN areas (µV*ms) were calculated for the electrode sites F3, F4, C3, C4, P3, P4, Fz, Cz, Pz, 

FCz and CPz. Reaction times (ms) and hit scores (%) were estimated to compare behavioural 

data between the two groups. Confidence interval was set to 95 %.  

The electrode-wise statistical comparison of the ERN areas for correct and incorrect responses 

between remitted depressed subjects and age-matched controls was performed using Student’s 
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independent t-test after passing normal distribution criteria. Repeated measurement-analysis of 

variance (ANOVA) was performed to investigate the ERN components for the conditions 

response (correct vs. incorrect), electrode site (ANOVA analysis and single electrode 

comparison) and group (C vs. RD). ERN analysis was adjusted for non-sphericity with the 

Greenhouse-Geisser epsilon coefficient. All statistical comparison was performed with SPSS 

(SPSS GmbH, Munich). 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 

 
 
 
 
Fig.13: Schematic re-presentation of the technical EEG setup. 
The EEG was performed in a sound-attenuated, darkened room separated by the technical equipment and 
the experimentator. Stimuli were presented centrally on a screen at a distance of 100 cm to the test person. 
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2.5.3 The distractor-compatibility effect 

The Eriksen-Flanker task was first described by B.A. Eriksen (Eriksen, 1973) and belongs to the 

classical paradigms to investigate cognitive processes of selective attention (Fig. 14). A centrally 

presented target letter is flanked by distractor letters that are irrelevant for the processing of 

identifing the target letter and for giving the adequat response. When the distractor letters and the 

target letter are equal (congruent or compatible condition), the identification of the target letter is 

generelly faster than for the condition that target and flankers are different (incongruent or 

incompatible condition). The reaction is fastest if no flanking distractor letters are used. The 

distractors have a strong influence on the stimulus processing although they are irrelevant to the 

given task. The distractor-compatibility effect is highest if the target stimulus and the flankers are 

presented synchroneously. If the distractors are presented with a time distance >100 ms prior to 

the target stimulus, the distractor-compatibility effect does not occur. The Flanker task is a 

reliable and standardized task to elicit the Error-related negativity.  

 

 

 

 

 

 

 

 

Fig. 14: Schematic representation of the cognitive processing model triggered in the 
distractor- compatibility task.  
The commitment of an error is detected by an error/conflict detection system that modulates strategic 
mechanisms. Doted lines represent executive processes. Depression is characerized by the impairment to 
generate or implement adequate performance strategies (from Seifert, 2004). 
 
 

2.5.4 Stimulus presentation 

Presentation™ software package (Neurobehavioral Systems, USA) was used for stimulus 

presentation. Participants were instructed to identify two different target letters (H and S) and to 
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HHHHH 
SSHSS 

HHSHH 
SSSSS 

Start 
  100 ms 

HHHHH 
SSHSS 

HHSHH 
SSSSS 

  trial (n) 
      

  trial  (n+1)  

Duty time interval 800 – 1000 ms 
(randomized) 

_ 
central fixation underline 

H S 

ntotal= 1600 
 100 ms 

respond to these letters by pressing the appropriate response buttons (target S= left hand 

response; target H = right hand response). Four different letter string combinations (congruent: 

HHHHH or SSSSS; incongruent: HHSHH or SSHSS) were presented on a monitor in pseudo-

randomized, serial order. Target stimulus and distractors were presented synchroneously for 100 

ms centrally on the screen. Target letters were presented above a persistently present fixation 

underline. Duty time was randomized (800-1000 ms) to avoid operant conditioning (Fig. 15).  

From previous studies it is known that errors are more frequent for incongruent letter strings than 

for congruent letter strings (Pailing et al., 2002) and the ERN is increasing the more participants 

emphasize accuracy over speed in their performance (Falkenstein et al., 2000; Gehring et al., 

1993; Ullsperger and von Cramon, 2004; Van Veen, 2006). Participants were instructed to 

respond as accurately as possible because the given duty time already forced the participants to 

give fast responses. To additionally increase error rates, congruent trials were presented with a 

probability of 33,3 % and incongruent stimuli with 66,6 %. The whole experiment consisted of 

1600 trials divided into 20 blocks. The blocks were divided by breaks of 20 seconds to provide a 

short period for regeneration. Prior to the recording participants performed one block of practice 

to become accustomed to the task. The experiment lasted about two hours, including pauses, 

electrode cap placement and removal.  

 

Fig. 15: Experimental setup of the Eriksen-Flanker task. 
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2.5.5 Statistical analysis of the Error-related negativity 

The statistical comparison of the ERN areas (µV*ms; +25-125 ms post response) was performed 

for correct and incorrect responses between controls and the remitted depressed with SPSS 

(SPSS, Munich, Germany) for Macintosh computers (Apple Computers, Cupertino, USA).  

Repeated measurement ANOVAs (analyses of variance) were performed with the conditions 

response (correct vs. incorrect), electrode side (total electrode comparison/ electrode-wise 

comparison) and group (controls vs. remitted depressed). Greenhouse-Geisser coefficient is given 

for statistical evaluation of the results. Confidence interval percentage was set to 95 %. 
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3. Results 

3.1 Accelerated immunosenescence in depression 

3.1.1 Epidemiological data and clinical self-report measures 

In the presence of the experimentator study participants filled out the clinical test battery to 

measure depression symptom severity (BDI; Beck, 1961), material- and emotional well-being 

(Bf-S, von Zerssen, 1976; BSI, Derogatis, 1994), language skills and intelligence (MWT-B; 

Lehrl, 2005). Following the clinical test battery, an interview was performed to assess the 

education level (years at school), remitted depressed were asked about the number of past 

depressive episodes. The statistical group-comparison of age, education years and the clinical test 

battery results are represented in Fig. 16. 

 

 

 

           

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 16: Boxplot representation of the comparison of age and the test battery-results 
Remitted depressed and control subjects did not differ in age and education. The statistical comparison 
revealed significant differences in MWT-B, BDI, Bf-S and BSI scores between the two groups. 
 

 



 Results 
 

 -79- 

The group comparison of age did not show a statistical significant difference (p= 0,276; T= -1,10; 

df= 99; MD= -1,716; CI: -4,83 - 1,39) between control subjects (51,37 ± 8,14 years) and remitted 

depressed (53,08 ± 7,57 years). The MWT-B scores revealed a significant difference (C: 32,34 ± 

2,77; RD: 32,19 ± 2,67; p= 0,039, T= 2,09; df= 96; MD= 1,153; CI: 0,061 - 2,24) between the 

two groups with a higher score for the control subjects. Remitted depressed reported a mean of 

3,36 past depressive episodes and a mean age of 34,92 ± 13,68 years at first episode onset. 

Statistical comparison of education years showed an equal distribution (C: 15,01 ± 2,43 years; 

RD 14,06 ± 2,35 years; p= 0,065; T= 1,87; df= 87; MD= 0,95; CI: -0,061 - 1,963), but a tendency 

(p > 0,1) towards significant higher education in controls was found. The Beck’s depression 

inventory showed significantly higher scores for the remitted depressed group (C: 4,02 ± 4,77; 

RD: 13,84 ± 9,15; p= 2,28E-9, T= -6,61; df= 95; CI: -12,76 - -6,87). The Bf-S test also revealed 

significantly higher scores for the RD group (C: 17,08 ± 16,29; RD: 41,14 ± 31,36, p= 5,63E-6; 

T= -4,78; df= 71,82; MD= -24,06; CI: -34,10 - -14,02). The statistical examination of the BSI 

results revealed significant differences between the two groups with higher scores for the 

remitted depressed (C: 14,82 ± 19,20; RD: 45,08 ± 34,04; p= 3,64E-7; T= -5,43; df= 75,41; MD= 

-30,26; CI: -41,36 - -19,17). To summarize the results, the group of remitted depressed showed 

significantly higher scores in the clinical test battery. Age and education levels were not 

significantly different between the two groups, intelligence was significantly higher in the control 

group. 

 

 

3.1.2 Purity analysis of isolated lymphocytes by flow cytometry 

Ficoll purification was performed to isolate peripheral blood mononuclear cells from whole 

blood. On average 1,01 x 108 PBMCs were isolated from whole blood (± 35 ml). For each 

lymphocyte population ± 1 x 107 cells were used for MACS purification of targeted cells, 

remaining PBMCs were stocked and stored at -80° C. After MACS separation a purity check was 

performed for 20 % of randomly selected samples by flow cytometry. All samples showed a 

purity > 85 %. Fig. 17 gives an exemplary representation of the flow cytometry results.  
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Fig. 17: Purity of (A) CD4+, (B) CD8+, and (C) CD20+ lymphocytes estimated by flow 
cytometry.  
A-C 1: Positive fraction; cell detection; A-C 3: histogramm of negative (red) and positive (red) fraction. 

 

 

3.1.3 Telomere length analysis by quantitative fluorescence in situ hybridization 

 

3.1.3.1 Telomere fluorescence intensities in CD4+ T lymphocytes  

The mean telomere fluorescence intensity (TFI) of each subject was calculated from 100 CD4+ T 

lymphocytes after quantitative fluorescence in situ hybridization. Digital images of qFISH-

processed cells are given in Fig. 18. 
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Fig. 18: Digital qFISH images of CD4+ T lymphocytes. 
A-C: B&W images of Cy3-labeled telomeres in CD4+ lymphocytes. D-E: Merge images of Cy3-labeled 
telomeres and DAPI-stained cell cores. B&W images were used to measure telomere fluorescence 
intensity. A+D: internal standard (= 100 %); B+E: remitted depressed; C+F: age-matched control subject. 
Images were aquired at 1000x magnification. 
 

 

An initial statistical comparison of age between controls and remitted depressed (C: 50,96 ± 8,12 

years; RD: 53,18 ± 7,39 years; p= 0,17; df= 92; T= -1,38; F= 0,471; MD: -2,22; CI: -5,41 - 9,72) 

was performed to exclude possible significant effects in telomere difference based on age 

differences between the two groups. The result showed that the groups did not differ in age. In 

the following, the TFI values of remitted depressed and healthy controls were used for statistical 

comparison. The boxplot in Fig. 19A summarizes the result. The Student’s t-test revealed 

significantly decreased TFI values (p= 1,82E-4; T= 3,90; df: 93; MD= 13,09; F= 0,27; CI: 6,42 - 

19,76) for the remitted depressed  (n= 45; mean TFI:  54,31 ± 16,44 %) in comparison to controls 

(n= 50; mean TFI: 67,40 ± 16,24 %). In the following a linear regression analysis was performed 

to show a possible correlation between CD4+ TFI values and age (Fig. 19B). The correlation 

analysis, first performed for the whole case cohort, failed to reveal a significant correlation (p= 

A 

D 

B 

E 

C 

F 
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0,842; T= 0,20; CI: -0,004 - 0,005). The group-wise analysis also did not show a significant 

correlation (C: p= 0,278; T= 1,09; CI: -0,003 - 0,009; RC: 0,003; RD: p= 0,938; T= -0,078; CI: -

0,007 - 0,007; RC > 0,000) of TFI values with age. Univariate ANOVA (Bonferroni corrected; 

Fig. 19C) was performed to test if the TFI differences between healthy controls and remitted 

depressed show a dependency to the number of past depressive episodes. The remitted depressed 

group was subdivided into subjects with one and with more than one past depressive episode. The 

three groups were initially tested for differences in age to exclude age-related TFI differences. 

Age was not significantly different between the groups (data not shown). The CD4+ TFI 

comparison between the group of healthy controls (n= 50; mean TFI: 67,40 ± 16,23 %) and the 

remitted depressed with one single past depressive episode (n= 6; mean TFI: 51,67 ± 16,91 %) 

did no show a statistical significant difference but a tendency towards significance (p= 0,09; SE: 

7,13; MD: 15,73; CI: -1,67 - 33,14). The TFI comparison between controls and remitted 

depressed with more than one past episode (n= 37; mean TFI: 54,92 ± 16,83 %) showed a lower 

difference in mean TFI than for single episode-depressed, but a significant difference  (p= 0,002; 

SE: 3,58; MD: 12,48; CI: 3,74 - 21,22). The TFI comparison between remitted depressed with 

one and with more than one past depressive episode revealed no significant difference (p= 0,99; 

SE: 7,26; MD: 3,25; CI: -20,98 - 14,48).  

  
 
                   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

p= 1,82E-4 

C: p= 0,283 
RD: p= 0,932 

Total: p= 0,853 

R2 Total: > 0,00 
R2 C: 0,25 
R2 RD: > 0,00 
 
 

(A) (B) 
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Summarizing the results for CD4+ cells, TFI values of remitted depressed were significantly 

lower in comparison to those of age-matched healthy controls. CD4+ lymphocytes from remitted 

depressed showed significantly shorter telomeres. The statistical comparison of the TFI values 

further showed, that the difference in telomere length to controls was stronger for remitted 

depressed with more than one past depressive episode, although the mean TFI was higher than 

for patients with a single past episode. 

 

 

3.1.3.2 Telomere fluorescence intensities in CD8+ T lymphocytes  

Digital images of qFISH-processed CD8+ T-lymphocytes of the internal standard (A+D), 

remitted depressed (B+E), and control subjects (C+F) are represented in Fig. 20.  

 

 

 

p= 0,002 

p= 0,99 

p= 0,09 

(C) 
Fig. 19: Graphical representation 
of the qFISH results for CD4+ T 
lymphocytes. 
(A) Boxplots of estimated TFI values 
(%) in CD4+ T lymphocytes (Student’s 
t test). (B) Linear regression analysis 
(Pearson) with CD4+ TFI values and 
age. (C) Univariat ANOVA comparison 
(Bonferroni) of CD4+ TFI values 
between control subjects, remitted 
depressed with one and with more than 
one past depressive episode. 
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Fig. 20: Digital qFISH-images of CD8+ T-lymphocytes 
A-C: B&W Images of Cy3-labeled telomeres in CD8+ lymphocytes; D-E: Merge images of Cy3-labeled 
telomeres and DAPI-stained cell cores. B&W images were used to measure telomere fluorescence 
intensity. A+D: internal standard (= 100 %) B+E: remitted depressed; C+E: age-matched control subject. 
Images were aquired at 1000x magnification.  
 

 

The Student’s t-test comparison revealed a significant TFI difference (n= 89; p= 2,69E-8; F: 

0,203; MD: 18,05; CI: 12,43 – 23,66; df: 87; T: 6,39) between control subjects (n= 47; mean TFI: 

68,79 ± 13,77 %) and remitted depressed (n= 42; mean TFI: 50,74 ± 12,76 %). Remitted 

depressed showed significantly lower TFI values and therefore significantly shorter telomeres in 

CD8+ lymphocytes (Fig. 21A). The linear regression analysis with CD8+ TFI values and age 

(Fig. 21B) for the total case number (n= 89) revealed a strong correlation (p=9,01E-5; T: -4,110; 

CI: -1,26 - -4,38; RC: -0,85). The group-wise analysis for both controls (n= 46; p= 0,006; T: -

2,89; CI: -1,19 - -0,214; RC: -0,71) and remitted depressed (n= 43; p= 0,003; T: -3,190; CI: -1,26 

- -0,28; RC: -0,77) also showed a significant correlation of the TFI values with age. The 

univariate ANOVA (Bonferroni, Fig. 21C) for CD8+ TFI differences between control subjects 

(n= 47; mean TFI: 68,79 ± 13,77 %) and remitted depressed with one past depressive episode (n= 
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5; mean TFI: 51,20 ± 5,17 %) revealed a statistically significant difference (p= 0,021; SE: 6,36; 

MD 17,59; CI: 2,04 - 33,13). The comparison of the controls with remitted depressed with more 

than one past episode (n= 35; mean TFI: 50,49 ± 13,87 %) also showed a significant difference 

(p= 1,18E-7; SE: 0,03; MD: 0,183; CI: 0,109 - 0,257). The comparison between remitted 

depressed with one and with more than one past depressive episode revealed no significant 

difference (p= 0,99; SE: 6,47; MD: 0,71; CI: -15,09 - 16,51). All three groups were tested for age 

differences to exclude age-related TFI differences (data not shown). 

 

 

 

                                   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(C)              
 
 
 
 
 
 
 
 

p= 2,96E-8 
 

p= 1,18E-7 

p= 0,021 
p= 0,99 

 C: p= 0,006 
 Total: p= 9,01E-5 

 RD: p = 0,003 
 

R2 total: 0,164 
R2  controls: 0,160 
R2 RD: 0,203 
 
 
 
 

(A) (B) 

(C) 
Fig. 21: Graphical representation of the 
qFISH results for CD8+ lymphocytes. 
(A) Boxplot representation of the statistical TFI 
comparison in CD8+ T lymphocytes between 
controls and remitted depressed. (B) Linear 
regression analysis (Pearson) with TFI values 
of CD8+ cells and age. (C) Univariate ANOVA 
comparison (Bonferroni) of telomere 
fluorescence intensities between healthy 
controls, remitted depressed with one and with 
more than one past depressive episode. 
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Summarizing the results for CD8+ lymphocytes, significantly lower TFI values in CD8+ cells 

from remitted depressed were measured in comparison to age-matched controls. CD8+ cells from 

remitted depressed showed significantly shorter telomeres. The linear regression analysis with 

CD8+ TFI values and age revealed that the telomer loss was similar between the two groups, but 

the telomere values were significantly decreased in remitted depressed. Like for CD4+ cells, the 

TFI difference in CD8+ cells between healthy controls and remitted depressed was more 

significant for those with more than one past depressive episode. 

 

 

3.1.3.3 Telomere fluorescence intensities in CD20+ B lymphocytes 

Mean TFI values were estimated from 75 CD20+ B lymphocytes per subject. Digital images of 

the qFISH-processed CD20+ B-lymphocytes of the internal standard (A+D), remitted depressed 

(B+E), and age-matched control subjects (C+F) are represented in Fig. 22.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 22: Digital qFISH images of CD20+ B lymphocytes. 
A-C: B&W images of Cy3-labeled telomeres in CD20+ B lymphocytes. D-E: Merge images of Cy3-
labeled telomeres and DAPI-stained cell cores. B&W images were used to measure telomere fluorescence 
intensities. A+D: internal standard (= 100 %); B+E: remitted depressed; C+F= age-matched control 
subject. Images were aquired at 1000x magnification. 
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An initial statistical comparison of age was performed (C: 51,69 ± 7,98 years; RD: 53,53 ± 7,39 

years; p= 0,276; df= 83; T= -1,096; F= 0,39; MD: -1,84; CI: -5,19 - 1,49) to exclude possible 

significant differences in TFI values based on differences in age between the two groups. 

Student’s t-test comparison (Fig. 23A) revealed a highly significant difference in TFI values 

between control subjects (n= 46; 68,07 ± 16,88 % TFI) and remitted depressed (n= 40; 49,05 ± 

11,55 % TFI) for CD20+ B lymphocytes (n= 86; p= 4,75E-8; MD: 19,02; CI:  12,72 – 25,31; df: 

84; T: 6,00; F= 2,14). The TFI values were significantly lower for remitted depressed and 

therefore shorter telomeres were measured in this group. The linear regression analyses with 

CD20+ TFI values and age (Fig. 23B) revealed a significant effect for the total case cohort (n= 

85; p= 0,012 T: -2,57; CI: -1,10 - -0,14; RC: -0,61). The control group did not show a correlation 

between the estimated TFI values and age (n= 45; p= 0,143; T: -1,49; CI: -1,11 - 0,17; RC: -

0,47). The remitted depressed group also did not show a significant correlation, although a 

tendency towards significance was found (n= 40; p= 0,06; T: -1,97; CI: -0,963 - 0,014; RC: -

0,475). 
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The univariate ANOVA (Bonferroni corrected) analysis of the TFI values between controls (n= 

46; mean TFI: 68,07 ± 16,88 %) and the remitted depressed with one single past depressive 

episode (n= 6; mean TFI: 56,17 ± 11,23 %) revealed a non-significant difference (p= 0,195; SE: 

6,36; MD: 11,90; CI: -3,66 - 27,45). The TFI comparison of controls and remitted depressed with 

more than one past depressive episode (n= 32; mean TFI: 48,16 ± 11,28 %) showed a strong 

significant difference (p= 2,28E-7; SE: 3,37; MD: 19,91; CI: 11,66 - 28,16). The TFI comparison 

between remitted depressed with one and remitted depressed with more than one past depressive 

episode revealed no significant difference (p= 0,67; SE: 6,52; MD: 8,01; CI: -22,95 - 7,93). All 

three groups were tested negative for age differences (data not shown). Summarizing the qFISH 

results for CD20+ cells, the group-wise comparison of the TFI values are in line with the results 

for CD4+ and CD8+ cells. The TFI difference was highly significant, telomeres were shorter in 

cells from remitted depressed. Also in line with the previous findings, telomere length difference 

to controls was more significant in cells from remitted depressed who reported more than one 

past depressive episode. 

 
 
 

 p= 0,67 

 p= 0,195 

(C) 
Fig. 23: Graphical representation of the 
qFISH results for CD20+ B lymphocytes. 
(A) Statistical t-test comparison of TFI values 
between control subjects and remitted depressed 
in CD20+ B lymphocytes. (B) Linear regression 
analysis (Pearson) with CD20+ TFI values and 
age. (C) Univariate ANOVA  comparison 
(Bonferroni) of TFI values between controls, 
remitted depressed with one and with more than 
one past depressive episode. 

 p= 2,28E-7 



 Results 
 

 -89- 

3.1.3.4 Summary: qFISH results 

The statistical comparison of the TFI values revealed that telomere length in all three analyzed 

lymphocytes was significantly shorter in cells from remitted depressed (Fig. 24A). In direct 

comparison, the TFI difference was strongest for CD20+ cells, followed by CD8+ and CD4+ 

cells. Additionally, the TFI difference between healthy controls and remitted depressed was in all 

three lymphocytes stronger for remitted depressed with more than one past depressive episode 

than for patients with a single depressive episode in comparison to the healthy controls (Fig. 

24B).  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 24: Boxplot representation of (A) qFISH results for CD4+, CD8+ and CD20+ 
lymphocytes and (B) boxplot comparison of TFI values for controls, remitted depressed 
with a single past and with more than one past depressive episode. 
 
 
 
3.2. S100B serum levels in remitted depression 

3.2.1 Statistical comparison of S100B serum levels between remitted depressed and 

healthy controls and the correlation analyses with clinical test scores 

Prior to the group-wise comparison of S100B serum levels a Student’s t-test was performed to 

compare the age of the study participants. The comparison revealed no significant age differences 

between the two groups (controls: 51,71 ± 7,9 years; remitted depressed: 53,65 ± 7,2 years; p= 

p= 1,82E-4 
 p= 2,96E-8 

 
 

p= 4,75E-8 
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0,245; F= 0,831, T= -1,17; df= 83; CI: -5,23 - 1,36). The Student’s independent t-test revealed no 

significant difference in S100B serum levels (p= 0,783; df 83; T= -0,277; CI: -0,0125 - 0,009) 

between remitted depressed (n= 40; mean: 0,078 ± 0,030 µg/l) and healthy control subjects (n= 

45; mean: 0,076 ± 0,021µg/l). The results are shown in Fig. 25A. Reports have highlighted the 

association of an S100B increase with age. To test this finding on the study cohort, a linear 

regression analysis with S100B serum levels and age was performed (Fig. 25B). The analysis 

revealed no statistically significant effect for the total cohort (p= 0,070) although a trend towards 

significance was found. The group-wise calculation covered this tendency (C: p= 0,243; RD: p= 

0,173).  

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Total: p= 0,07 

C: p= 0,243 

RD: p= 0,173 

p= 0,783 

R2 total: 0,039 
R2 controls: 0,032 
R2 RD: 0,048 
 
 
 
 

Fig. 25: (A) Boxplots comparison of 
S100B serum levels (B) Correlation 
analysis with S100B serum levels and 
age (C) Correlation analysis with S100B 
and BDI scores. (A) The Student’s t-test 
comparison did not reveal a significant 
difference between remitted depressed and 
age-matched controls. (B) The linear 
regression analyses (Pearson) of S100B serum 
levels with age showed an increase of S100B 
with age, but these findings were not 
statistically significant. (C) Linear regression 
analysis with S100B serum values and BDI 
scores (Pearson). 
 

 Total: p= 0,964  
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A following linear regression analysis was performed to test whether S100B serum levels 

correlate with the BDI scores. This calculation was performed based on the idea that S100B, 

reported increased in depression, might correlate with the test scores that represent depression 

symptom severity. The results of the linear regression did not show a significant effect (Fig. 

25C). 

To summarize the results no significant differences in S100B serum levels between remitted 

depressed and healthy controls were found. Although a slight increase of S100B with age was 

observed, this increase was not significant. The correlation analyses with S100B serum levels and 

BDI scores did not show a significant correlation. The S100B serum levels of remitted depressed 

and healthy controls were equal, no statistically significant differences were found. 

 

 

3.2.2 Statistical evaluation of the impact of antidepressant medication on S100B serum 

levels in remitted depressed 

In the following a possible difference in S100B serum levels between remitted depressed with 

and without antidepressant medication was tested. The Student’s t-test comparison included 23 

remitted depressed with concurrent AD medication (CM; see 9.1.3A) and 17 without concurrent 

AD medication (NM). The results are shown in Fig. 26A. The statistical comparison revealed no 

significant difference between the two groups (CM: 0,077 ± 0,032 µg/l; NM: 0,079 ± 0,027 µg/l; 

df= 38; T= 0,195; p= 0,846; MD: 0,002; CI: -0,0175 - 0,0213). Further it was tested whether the 

S100B serum levels might correlate with the clinical test score results that represent depressive 

symptom severity. The statistical evaluation did not show any significant correlation of S100B 

serum levels with the BDI, the BSI or the Bf-S test scores (Fig. 26B-D).  

In the following a univariate ANOVA with S100B serum levels and the number of past 

depressive episodes was performed for controls and remitted depressed with one and with more 

than one past depressive episode. The difference between controls (n= 45; mean: 0,076 ± 0,021 

µg/l) and remitted depressed with one single past episode (n= 5; mean: 0,098 ± 0,016 µg/l) was 

not significant (p= 0,187; MD: -0,022; SE: 0,012; CI: -0,05 - 0,006). The comparison between 

control subjects and remitted depressed patients with more than one past depressive episode (n= 
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35; mean S100B: 0,075 ± 0,03 µg/l) also did not show a significant difference (p= 0,99; MD: 

0,003; SE: 0,006; CI: lower= -0,01 - 0,172). The statistical comparison of S100B serum levels 

between remitted depressed with one and with more than one past depressive episode also did not 

show a significant difference (p= 0,103; MD: 0,025; SE: 0,012; CI: -0,003 - 0,054).  
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R2 NAD: 0,076 
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Fig. 26: S100B serum values from remitted 
depressed with and without antidepressant 
medication and their correlation analysis 
with clinical test score results. (A) Boxplots of 
S100B serum levels from remitted depressed with 
(AD) and without antidepressant medication 
(NAD). (B-D) Linear regression analyses (Pearson) 
with S100B serum levels and test score results. 
Remitted depressed were subdivided into subjects 
with antidepressant medication (AD) and without 
antidepressant medication (NAD). The correlation 
analyses with S100B serum levels and test score 
results for Bf-S, BDI and BSI did not reveal 
significant correlations (RD total= total cases; 
NAD= no antidepressant medication; AD= with 
antidepressant medication). 
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      S100B comparison: remitted depressed 
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3.2.3 The influence of different S100B serum levels on depressive symptom severity in 

remitted depression 

Based on the median S100B serum level (0,070 µg/l) remitted depressed were subcategorized 

into two groups (relatively low- and high S100B). The first group included 21 subjects with 

relatively low serous S100B levels (mean: 0,06 ± 0,01 µg/l), the second group 19 subjects with 

relatively high S100B serum levels (0,10 ± 0,03 µg/l). The initial statistical comparison 

confirmed a strong significant difference of S100B between the groups (p= 1,36E-8; df= 38; F= 

6,17; T= -7,19; MD: 0,006; CI: -0,057 - -0,032). Following the idea that different S100B levels 

might be represented by significant differences in the clinical test results and therefore in 

depressive symptom severity, a Student’s t-tests was performed to test this issue. The results are 

represented in Fig. 27. The group-wise comparison of BDI scored did not show a significant 

difference (p= 0,979; df= 38; F= 2,29; T= -0,027; MD: -0,078; CI: -5,89 - 5,74). The comparison 

of the BSI scores between the two subgroups also did not show a significant difference (p= 

0,848; df= 38; F= 0,082; T= -0,193; MD: -2,093; CI: -23,99 - 19,81). Finally, Bf-S scores were 

used for a group comparison. The statistical comparison did not show a significant difference 

between the two groups (p= 0,949; df= 38; F= 1,172; T= -0,064; MD: -0,062; CI: -20,30 - 19,05).  
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Fig. 27: Statistical comparison of the clinical test scores for remitted depressed with 
relatively low and high S100B serum levels.  
Remitted depressed were subcategorized based on the median S100B serum level (0,070 µg/l) into high- 
and low-level S100B carriers. The clinical tests were used to assess depressive symptom severity and 
emotional well-being. Analyses were performed to test possible differences in depressive symptom 
severity and emotional well-being based on S100B alterations in serum. Statistical comparison was 
performed with Student’s t-test. BDI: Beck’s depression inventory; Bf-S: german “Befindlichkeitsskala”; 
BSI: Brief symptom inventory.  
 

 

To complete the analysis for the possible influence of S100B on the clinical test scores, linear 

regression analyses were performed to test whether a correlation of S100B serum levels and the 

test scores results could be found. The results are graphically summarized in Fig. 28A-C. 

 

 

3.2.3.1 Correlation analyses with S100B and BDI scores 

A first linear regression analysis was performed to test a correlation between S100B serum levels 

and BDI scores for the total case cohort of remitted depressed (mean S100B: 0,077 ± 0,029 µg/l; 

n= 40; mean BDI= 14,28 ± 8,96). The correlation was not significant (p= 0,932; T= 0,086; RC: 

4,62E-5; CI: -0,001 - 0,001). The group-wise comparison was performed first for remitted 

depressed with relatively low S100B levels (mean S100B: 0,057 ± 0,012 µg/l; n= 21; mean BDI: 

14,24 ± 10,13). Again, the correlation was not significant (p= 0,967; T= -0,042; RC: -1,13E-5; 

CI: -0,001 - 0,001). The linear regression analysis for remitted depressed with relatively high  

S100B serum levels (mean S100B: 0,101 ± 0,025 µg/l; n= 19; mean BDI: 14,32 ± 7,73) and BDI 

scores did not reveal a significant correlation (p= 0,878; T= 0,156; RC: 1,24E-4; CI: 0,002 - 

0,002). The graphical representation of these data shows that the regression trends were equally 

for all three groups (Fig. 28A). 

 

 

3.2.3.2 Correlation analyses with S100B and Bf-S scores 

A linear regression analysis with estimated S100B serum levels and Bf-S scores was first 

performed for the total cohort of remitted depressed (mean S100B: 0,077 ± 0,029 µg/l; n= 40; 
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mean Bf-S: 43,73 ± 30,30). The correlation was not significant (p= 0,463; T= 0,742; RC: 1,17E-

4; CI: -2,02E-4 - 4,35E-4). A group-wise analysis was performed in the following for remitted 

depressed with relatively low S100B serum levels (mean S100B: 0,057± 0,012 µg/l; n=21; mean 

Bf-S: 43,43 ± 27,95). Again, the linear regression did not show a significant correlation (p= 

0,949; T= 0,065; RC: 6,39E-6; CI: 2,0E.4 - 2,12E-4). Remitted depressed with relatively high 

S100B values (mean S100B: 0,101 ± 0,025 µg/l; n= 19; mean Bf-S: 44,05 ± 33,39) were further 

analyzed. The linear regression did not show a significant correlation (p= 0,305; T= 1,058; 

1,88E-4; CI: -1,87E-4 - 0,001) with the Bf-S scores. Like for the BDI scores, the results show 

that no significant correlation of S100B with the Bf-S scores could be found (Fig. 28B). 

 

 

3.2.3.3 Correlation analyses with S100B and BSI scores 

The total cohort of remitted depressed was tested in a linear regression analysis for a correlation 

of S100B serum values with the BSI scores (mean S100B: 0,078 ± 0,029 µg/l; n= 40; mean BSI: 

47,38 ± 33,74). The result was not statistically significant (p= 0,845; T= 0,197; RC: 2,80E-5; CI: 

-2,59E-4 - 3,16E-4). The group-wise analysis was peformed first for remitted depressed with 

relatively low S100B values (mean S100B: 0,057 ± 0,012 µg/l; n= 21; mean BSI: 46,38 ± 34,48). 

The correlation again was not significant (p= 0,960; T= 0,051; RC: 4,07E-6; CI: -1,63E-4 - 

1,71E-4). Finally, a correlation analyses for remitted depressed with relatively high serum levels 

(mean S100B: 0,101 ± 0,025 µg/l; n= 19; mean BSI: 48,47 ± 33,81) was performed. Also here 

the results did not reveal a significant correlation (p= 0,954; T= 0,059; RC: 1,07E-5; CI: 3,73E-4 

- 3,94E-4). In summary, no significant correlation between S100B serum levels and BSI scores 

(Fig. 28C) was found for any condition.  
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  (A)                                          (B)                                            (C) 
 
 
 
 
 
 
 

 

 

 
Fig. 28: Linear regression analyses (Pearson) for remitted depressed with high- and low 
S100B levels and test scores results of (A) BDI, (B) Bf-S and (C) BSI.  
 

 

3.2.3.4 Summary: S100B serum levels in remitted depression 

The S100B serum levels of remitted depressed and age-matched controls did not show 

statistically significant differences. The influence of antidepressant medication on S100B serum 

levels in remitted depressed was tested and the results showed that the levels were equally 

between the two groups. Antidepressant medication did not show an influence on S100B serum 

levels in remitted depressed. The linear regression analyses performed for S100B serum levels 

from remitted depressed with and without antidepressant medication with the test battery results 

did not show any significant correlation. Additionally, the subcategorization of remitted 

depressed into carriers of relatively high- and low-level S100B did not reveal any significant 

effect with regard to the test score results. The test score results were equally between the 

subgroups. The linear regression analyses with S100B serum levels and test score results did not 

reveal any significant correlation. Remitted depressed did not show any anormality with regard to 

the S100B serum levels in comparison to healthy age-matched controls. 
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3.3 Electrophysiological examination of the Error-related negativity in remitted 

depression 

In the following the results of the second main part of this project related to the characterization 

of the Error-related negativity in remitted depression and it’s possible role as a state marker of the 

disease will be given. 

 
 
 
3.3.1 Clinical assessment and self-report measures: EEG participants 

The clinical assessment and the following data analysis first revealed that the control subjects and 

the remitted depressed did not significantly differ in age (controls: 51,75 ± 6,8 years; remitted 

depressed: 52,25 ± 7,9 years; p= 0,087). The remitted depressed EEG participants reported a 

mean of 2,18 ± 0,87 past depressive episodes and a mean age of first depressive onset at 37,55 ± 

11,74 years. All participants reached the minimum, required MWT-B score > 20 (IQ > 90) and 

therefore fulfilled inclusion criteria. The MWT-B scores showed a significant difference between 

the two groups (controls: 33,02 ± 1,73; remitted depressed: 31,00 ± 2; p= 0,001; T= 3,75; df= 21; 

MD: 2,91; SE: 0,78; CI: 1,29 - 4,53). The Beck’s depression inventory revealed significantly 

different test scores between the two groups (controls: 2,33 ± 2,35; remitted depressed 11,26 ± 

4,39; p= 3,1E-6; T= -6,2; df= 22; MD= -8,92; SE= 1,44; CI: -11,90 - -5,93) with higher scores for 

the remitted depressed group. The group-wise comparison of Bf-S scores also showed a 

significant difference (controls: 8,50 ± 7,86; remitted depressed: 25,82 ± 20,46; p= 0,012) again 

with significantly higher scores for the remitted depressed. Finally, the statistical comparison of 

the BSI scores showed a significant difference between the two groups (controls: 7,33 ± 7,75; 

remitted depressed: 30,25 ± 20,36; p= 0,001; T= -3,65; df= 22; MD: -22,92; SE: 6,29; CI: -35,96 

- -9,88). The scores were significantly higher for the remitted depressed. The results are shown in 

Fig. 29.  

 
 
 
 
 



 Results 
 

 -98- 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 
 
Fig. 29: Boxplot representation of age comparison and the clinical test battery results. 
 
 
 
 

3.3.2 Behavioural data examination 

3.3.2.1 Reaction times 

The graphical representation of the reaction times is given in Fig. 30. In comparison to the 

remitted depressed, control subjects were generally faster in their responses although the total 

reaction time (both correct and incorrect responses) did not show significant group differences 

(controls: 483,93 ± 34,4 ms; remitted depressed: 497,19 ± 56,84 ms; p= 0,49). The reaction times 

for correct responses did not differ between the two groups (controls: 514,15 ± 36,34 ms; 

remitted depressed: 545,09 ± 61,42 ms; p= 0,14). The comparison of incorrect responses also did 

not reveal significant differences (controls: 453,71 ± 39,9 ms; remitted depressed: 449,30 ± 59,56 

ms; p= 0,53). Congruent stimuli (HHHHH, SSSSS) did not show a significant difference in 

reaction times between the two groups (controls: 474,97 ± 41,94 ms; remitted depressed: 487,47 

p= 0,869 

 p= 0,001 

 p= 3,1E-6 

 p= 0,012 
 

 p= 0,001 
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ms ± 53,67; p= 0,53). The statistical comparison of the reaction times for incongruent stimuli 

(HHSHH, SSHSS) showed a similar non-significant difference like for congruent stimuli 

(controls: 489,35 ± 39,8 ms; remitted depressed: 506, 92 ± 68,69 ms; p= 0,45). The reaction 

times for correctly responded, congruent stimuli showed a tendency (p > 0,1) towards 

significance between the two groups (controls: 492,16 ± 37,28 ms; remitted depressed: 528,20 ± 

60,79 ms; p= 0,09). The response times for incorrectly responded, congruent stimuli did not 

differ between the two groups (controls: 449,53 ± 55,26 ms; remitted depressed: 446,74 ± 58,24 

ms; p= 0,91). The response times for correctly responded incongruent stimuli did not reveal 

significantly differences between control subjects and remitted depressed subjects (controls: 

536,14 ± 36,51 ms; remitted depressed: 561,98 ± 63,23 ms; p= 0,23). The same finding occured 

for incorrectly responded incongruent stimuli (controls: 457,43 ± 38,42 ms; remitted depressed: 

451,86 ± 88,19 ms; p= 0,84).  

In both groups the reaction times for incorrect responses were faster than for correct responses. 

The repeated measurement ANOVA (analysis of variance) revealed a significant effect for the 

condition response (correct x false: p= 8,3E-10).  Between the groups, the repeated measurement 

ANOVA did not show a significant difference for the condition response (response x group; p= 

0,496). The reaction times for incongruent stimuli were generally larger than for the congruent 

conditions in both groups, but the repeated measurement ANOVA showed that the difference was 

not statistically significant (congruent x incongruent: p= 0,077), although a tendency towards 

significance was found. Between the groups, the RM ANOVA also did not show in a significant 

difference (congruent vs. incongruent x group; p= 0,783).  
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Fig. 30: Boxplot comparison of the reaction times (in milliseconds) between remitted 
depressed and healthy controls. 
 

 

Summarizing the results of the reaction time comparison, the statistical comparison did not reveal 

any significant difference between the two groups. All reaction times and conditions were 

similarly between remitted depressed and healthy age-matched controls.  

 

 

3.3.2.2 Hit scores 

The results of the statistical hit scores comparison are graphically represented in Fig. 31. The 

analysis of the hit scores for total correctly responded stimuli (congruent + incongruent correct) 

showed a higher percentage for the healthy controls (controls: 86,81 ± 6,27 %; remitted 

depressed: 78,56 ± 15,25 %), but the difference between the two groups was not statistically 

significant (p= 0,097; F: 9,26; T: 1,73; df: 22; MD: 8,25; SE: 4,76; CI: -1,62 – 18,12). For all 
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incorrect responses (congruent + incongruent) a lower percentage was found for the control 

subjects but also here the group difference was not significant (controls: 9,46 ± 4,73 %; remitted 

depressed: 9,93 ± 6,63 %; p= 0,84; F: 0,45; T: -0,201; df: 22; MD: -0,47; SE: 2,35; CI: -5,35- 

4,40). The statistical analysis of missed stimuli showed a significantly higher percentage for the 

remitted depressed group (controls: 3,73 ± 3,41 %; remitted depressed: 11,51 ± 12,35 %; p= 

0,047; T: -2,1; df: 22; MD: -7,78; SE: 3,69; CI: -15,78 - -0,11). Further, subcategories for 

congruent and incongruent stimuli were compared and for correctly responded congruent stimuli 

a significant difference was found (controls: 37,38 ± 1,82 %; remitted depressed: 33,42 ± 5,45 %; 

p= 0,03; T= 2,41; df= 22; MD: 3,95; SE: 1,64; CI: 0,55 - 7,36). The conditions (i) incorrectly 

responded congruent stimuli (controls: 1,30 ± 0,69 %; remitted depressed: 2,34 ± 2,09 %; p= 

0,114; F: 4,79; T: -1,65; df: 22; MD: -1,04; SE: 0,64; CI: -2,37 - 0,271), (ii) correctly responded 

incongruent stimuli (controls: 49,43 ± 5,08 %; remitted depressed: 45,14 ± 9,86 %; p= 0,193; F: 

6,172; T: 1,342; df: 22; MD: 4,30; SE: 3,20; CI: -2,34 - 10,94) and (iii) incorrectly responded 

incongruent stimuli (controls: 8,16 ± 4,28 %; remitted depressed: 7,59 ± 4,7 %; p= 0,758; F: 

0,061; T: 0,312; df: 22; MD: 0,0,573; SE: 1,835; CI: -3,24 - 4,38) did not reveal significant 

differences between the two groups. 
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Fig. 31: Boxplot representation of 
the statistical comparison of hit 
scores (%) between control 
subjects and remitted depressed. 
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3.3.3 Characterization of the Error-related negativity in remitted depression 

3.3.3.1 Group-wise comparison of correct and incorrect responses 

Grand averages of the calculated ERN from healthy controls and remitted depressed were used 

for statistical comparison. For the characterization of the ERN in remitted depression (25-125 ms; 

µV*ms) first a group-wise comparison was performed including the ERN at the electrode 

positions F3, Fz, F4, FCz, C3, Cz, C4, CPz, P3, Pz and P4. The grand averages are represented in 

Fig. 32. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

P4 

F4 Fz F3 

Cz 

CPz 

FCz 

C4 C3 

Pz P3 

Fz: response: p= 0,001 
response x group: p= 0,353 

F3: response: p= 0,05 
response x group p= 0.198 

F4: response: p= 0,014 
response x group p= 0,118 

C3: response: p= 0,001  
response x group: p= 0,717 
 

FCz: response: p= 2,2E-5 
response x group: p= 0,293  
 

Cz: response: p= 1,24E-4 
response x group: p= 0,410 
 C4: response: p= 2,38E-4 
response x group: p= 0,454 
 

CPz: response: p= 0,005 
response x group: p= 0,434 
 

Pz: response: p= 0,007 
response x group: p= 0,607 
 

P4: response: p= 0,029 
response x group: p= 0,836 
 

P3: response: p= 0,192 
response x group: p= 0,766 
 

--- C: correct response  
--- C: incorrect response 
--- RD: correct response 
--- RD: incorrect response 

ERN 
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Fig. 32: Grid view representation of the ERN grand averages for correct and incorrect 
responses. 
The ERN (25-125 ms post response; see arrow at electrode FCz) for both correct and incorrect responses 
was statistical compared between remitted depressed (RD) and age-matched control subjects (C). The 
direct t test comparison (Student) of the ERN for correct and incorrect responses did not reveal a 
significant difference at any electrode. The repeated measurement ANOVA including the total electrode 
setup (n= 11) showed a significant effect for the condition response (correct x incorrect; p= 0,001; F= 
15,79; df= 1). The comparison of the conditions response x group covered this significance (p= 0,407; F= 
0,72; df= 1). Negative oscillations are plotted above the x-coordinate. The keys represent RM ANOVA 
results for the response comparison at single electrodes and the comparison of the condition response x 
group at each electrode position.  
 

 

A statistical group comparison of the estimated ERN areas for incorrect and correct responses did 

not show a significant difference between remitted depressed and control subjects (results: Table 

5, appendix). In the following, a repeated measurement ANOVA was performed to analyse a 

possible difference between the ERN areas for correct and incorrect responses. The analysis 

(Greenhouse-Geisser) was first performed including all 11 selected electrodes and the condition 

response (correct vs. incorrect) revealed a significant difference (p= 0,001; F= 15,79; df= 1) The 

repeated measurement ANOVA with the conditions response x group between remitted depressed 

and controls did not reveal a significant difference (p= 0,407; F= 0,716; df= 1) for the correct and 

incorrect ERN areas (µV*ms). 

 

 

3.3.3.2 Repeated measurement analysis of variance for the group-wise comparison of 

response differences between correct and incorrect responses 

In the following a group-wise comparison of the ERN areas at single electrode positions was 

performed (see Fig. 32). The statistical comparison revealed significantly different ERN values 

between correct and incorrect responses at the following electrodes: F3 (p= 0,05; F= 4,312; df= 

1), Fz (p= 0,001; df= 1; F= 14,33), F4 (p= 0,014; df= 1; F= 7,12), FCz (p= 2,2E-5; df= 1; F= 

28,76), C3 (p= 0,001; df= 1; F= 16,49), Cz (p= 1,24E-4; df= 1; F= 21,59), C4 (p= 2,38E-4; df= 1; 

F= 19,19), CPz (p= 0,005; df=1; F= 9,99), Pz (p= 0,007; df= 1; F= 8,71) and P4 (p= 0,029; df= 1; 
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F= 5,48). Only at electrode P3 the statistical analysis did not show a significant ERN difference 

(p= 0,192). The condition group covered the significant difference for all performed single 

electrode analyses. The results of the repeated measurement ANOVAs at single electrodes with 

the factors response x group are given in Fig. 32. A final ANOVA was performed for the three 

frontomedial electrodes where the ERN occurred most pronounced, namely Fz, FCz and Cz (Fig. 

33). The results showed a strong significant difference for the condition response (correct x 

incorrect; p= 7,40E-5; F= 23,67; df= 1), the analysis with the condition response x group did not 

result in a significant difference between the two groups (p= 0,308; F= 1,09; df= 1).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FCz Fz Cz 

--- C: correct response  
--- C: incorrect response 
--- RD: correct response 
--- RD: incorrect response 

response: p= 2,2E-5 
response x group: 
p= 0,293 ; df= 1; F= 28,76 

response: p= 0,001 
response x group:  
p= 0,353; df=1; F= 0,898 

response: p= 1,24E-4 
response x group:  
p= 0,410; df= 1; F= 0,706 
 
 

Fig. 33: Grand averages of the ERN at fronto- 
and mediocentral electrodes.  
The ERN (µV*ms) was measured strongest at fronto- 
and mediocentral electrodes (Fz, FCz, Cz). Negative 
oscillations are plotted above the x-coordinate. Values 
are given in µV*ms. C: controls; RD: remitted 
depressed. 
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Summarizing the results for the ERN evaluation, no significant differences between healthy 

controls and remitted depressed were found. The ERN of remitted depressed showed a statistical 

normalization to the ERN of controls. The error-monitoring processes triggered by the 

standardized Flanker experiment did not show any significant group differences. The postulated 

ERN normalization that would electrophysiologically reflect the status of clinical remission could 

be observed. 

 

 

3.3.4 S100B serum levels and their possible impact on the Error-related negativity 

Zhang and collegues have reported that the S100B serum level influences recovery processes 

from memory alterations in acute depression. They demonstrated that remitted depressed with 

relatively high S100B serum levels show a normalization of the “old/new-effect” in a word 

recognition task in comparison to healthy controls. In contrast, a reduced “old/new-effect” was 

found in remitted depressed with normal S100B serum levels (Zhang et al., 2009). This study was 

performed to test the possible impact of different S100B serum levels on stimulus processing 

(reaction times) and cognitive alterations represented by the ERN. Both variables, the S100B and 

the ERN, have been reported to be significantly altered in acute depression. If acute depression is 

characterized by (i) mental slowing, (ii) elevated S100B in serum and (iii) ERN alteration, it 

could be expected that the variables show a linear dependency in acute depression. In contrast, 

these alterations should recover in the remitted status of the disease and therefore a normalization 

of S100B between the groups and no significant correlations of the serum marker with the 

hypothesized variables should be found. These hypotheses were tested and the results are given 

in the following. 

 

 

3.3.4.1 Statistical comparison of the S100B serum levels from remitted depressed and  

healthy control subjects 

S100B serum levels of control subjects (n=12; mean: 0,073 ± 0,02 µg/l) and remitted depressed 

patients (n=12; mean 0,084 ± 0,04 µg/l) were estimated. Remitted depressed showed higher 
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S100B serum values in comparison to the control group, but the difference was not significant  

(p= 0,381; T= -0,895; df= 22; MD: -0,01; SE: 0,012; CI: -0,04 - 0,15). Remitted depressed 

showed a normalization of S100B in comparison to healthy age-matched controls (Fig. 34). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

3.3.4.2   Correlation analyses with S100B serum levels and reaction times 

Based on various findings that acute depressed show a delay in stimulus processing represented 

by an increase of reaction times and an elevation of S100B serum levels, a correlation between 

these two factors could be expected in acute depression. In this study the hypothesis was tested 

that clinical remission might be represented by the normalization of both variables in comparison 

to control subjects. The results of the correlation analyses between S100B serum levels and the 

reaction times are represented in Fig. 35A-C. All three response conditions (total responses, 

incorrect responses, correct responses) were used for the statistical analysis. 

 

 

Fig. 34: Boxplots of S100B 
serum levels from remitted 
depressed and age-matched 
controls. 
Student’s t-test comparison of 
S100B serum levels from control 
subjects (n=12; mean: 0,073 ± 
0,02 µg/l) and remitted depressed 
patiens (n=12; mean: 0,084 ± 0,04 
µg/l) revealed no significant 
difference between the two 
groups. 
 
 
 
 
 
 

p= 0,381 
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3.3.4.2.1   S100B serum levels and reaction times: total responses 

The analysis including the whole case cohort (n= 24) revealed no statistically significant 

correlation (p= 0,951; T= 0,62) between total response times  (mean: 490,56 ± 46,44 ms) and 

S100B serum levels (mean: 0,08 ± 0,03 µg/l). The group-wise comparison for control subjects 

also revealed (n= 12) no significant correlation (p= 0,283; T= -1,14) between total response times 

(mean: 483,93 ± 34,40 ms) and S100B serum levels (mean: 0,073 ± 0,020 µg/l). The same result 

was found for remitted depressed (n= 12). The correlation (p= 0,782; T= 0,285) between the total 

response times (mean: 497,19 ± 56,84 ms) and S100B serum levels (mean: 0,084 ± 0,04 µg/l) 

was not significant. Results are shown in Fig. 35A. 

 

 

3.3.4.2.2   S100B serum levels and reaction times: correct responses.  

The analysis with S100B serum levels (mean: 0,08 ± 0,03 µg/l) and reaction times for correct 

responses (mean: 529,62 ± 51,82 ms) did not result in a significant correlation (p= 0,725; 

T=0,357) for the whole case cohort (n= 24). The same result (p= 0,343; T= -0,995) was found for 

the correlation analysis with reaction times for correct responses (mean: 514,15 ± 36,34 ms) and 

S100B serum levels (mean: 0,073 ± 0,02 µg/l) for the control group. The remitted depressed 

group also did not show a significant correlation (p= 0,709; T= 0,385) between the reaction times 

for correct responses (mean: 545,09 ± 61,42 ms) and S100B serum levels (mean: 0,084 ± 0,04 

µg/l). Results are shown in Fig. 35B. 

 

 

3.3.4.2.3   S100B serum levels and reaction times: incorrect responses.  

The correlation analysis with S100B serum levels (mean: 0,08 ± 0,03 µg/l) and reaction times for 

incorrect responses (mean: 451 ± 49,63 ms) did not reveal a significant result for the whole case 

number (n= 24; p= 0,801; T= -0,255). The correlation analysis with the reaction times for 

incorrect responses (mean: 454,71 ± 39,90 ms) and S100B serum levels (mean: 0,073 ± 0,02 

µg/l) did not reveal a significant result for the control group (n= 24; p= 0,328; T= -1,03). The 
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reaction times (mean: 449,30 ± 59,56 ms) for correct responses and the S100B serum levels 

(mean: 0,084 ± 0,04 µg/l) of remitted depressed also did not show a significant correlation (p= 

0,885; T= 0,148). Results are shown in Fig. 35C. 

 

 

 

 

 

 

 

 

 

 

 
 
Fig. 35: Linear regression analyses with S100B serum values and reaction times. 
The linear regression analyses (Pearson) were performed for the total case number (total), the control 
subjects (C), and the remitted depressed (RD). Three conditions were used for the correlation analysis 
with S100B: reaction times of (A) total responses, (B) correct, and (C) incorrect responses.  
 

 

3.3.4.2.4   S100B serum levels and reaction times: summary 

The linear regression analyses with S100B serum levels and the reaction times for all responses 

(Fig. 35A), correct (Fig. 35B) and incorrect responses (Fig. 35C) did not show any significant 

correlation. Therefore the S100B serum levels did not show an influence on the reaction times. 

The hypothesis that S100B and reaction times, both reported elevated in acute depression, show a 

normalization in the status of clinical remission could be confirmed. 

 
 
3.3.4.3   Correlation analyses with S100B serum levels and the ERN for incorrect responses 

In the following it was tested whether the ERN values for incorrect responses and the S100B 

serum levels, both significantly elevated in acute depression, might show a significant 

Total: p= 0,951 
C: p= 0,283 

RD: p= 0,782 

Total: p= 0,725 
C: p= 0,343 

RD: p= 0,709 
C: p= 0,328 

RD: p= 0,885 

Total: p= 0,801 

R2 total:1,77E-4  
R2 C: 0,114 
R2 RD: 0,008 
 
 
 
 

R2 total: 0,006 
R2 C: 0,090 
R2 RD: 0,015 
 
 
 
 

R2 total: 0,003 
R2 C: 0,096 
R2 RD: 0,002 
 
 
 
 

(A) (B) (C) 



 Results 
 

 -109- 

correlation. It was expected not to find a significant effect, because both factors should show a 

normalization due to the status of clinical remission. A first correlation analysis including the 

whole case number (n= 24) was performed. The electrode sides Fz, FCz, and Cz were chosen 

based on the differences between correct and incorrect responses found most profound by 

repeated measurement ANOVA at these eletrode sites (Fig. 32). The results are graphically 

represented in Fig. 36A-C.  

 

 

3.3.4.3.1   S100B serum levels and the ERN for incorrect responses at electrode Fz 

The first correlation analysis was performed including the whole case cohort (total; n= 24). The 

mean ERN area at electrode Fz for incorrect responses was 488,23 ± 355,83 µV*ms, the mean 

S100B serum level was 0,079 ± 0,03 µg/l. The analysis did not show a significant correlation (p= 

0,741; T= -0,335; CI: -6170,73 - 4456,35; RC: -857,19). The group-wise analysis with controls 

did not show a significant correlation (p= 0,926; T= -0,095; CI: -15998,42 – 14687,14; RC: -

655,64) for the ERN at electrode Fz (mean area: 419,91 ± 429,05 µV*ms) and S100B serum 

levels (mean: 0,073 ± 0,02 µg/l). The statistical analysis with remitted depressed (mean ERN: 

556,54 ± 265,47 µV*ms; mean S100B: 0,084 ± 0,037 µg/l) also did not reveal a significant 

correlation (p= 0,502; T= -0,70; 95 % CI: -6974,30 - 3369,04; RC: -1542,63) between S100B and 

the ERN at electrode Fz for incorrect responses. Results are represented in Fig. 36A. 

 

 

3.3.4.3.2   S100B serum levels and the ERN for incorrect responses at electrode FCz 

The ERN values for incorrect responses at electrode FCz were used to test the hypothesis of a 

possible correlation with S100B serum levels. First, all study participants (n= 24; mean ERN 

area: 538,85 ± 432,69 µV*ms; mean S100B: 0,078 ± 0,029 µg/l) were included in the analysis. 

The result did not reveal a significant effect (p= 0,779; T= -0,284; CI: -7351,28 - 5580,67). The 

analysis for the control group (n= 12; mean ERN area: 483,81 ± 461,96 µV*ms; mean S100B: 

0,073 ± 0,020 µg/l) also did not show a significant correlation between the ERN values and the 

S100B serum levels (p= 0,519; T= 0,669; CI: -11316,35 - 21022,96; RC: 4853,31). The remitted 
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depressed (n= 12; mean ERN area: 593,90 ± 414,07 µV*ms; mean S100B: 0,084 ± 0,04 µg/l) 

again did not show a significant correlation between the ERN for incorrect responses at FCz and 

the S100B serum levels (p= 0,395; T= -0,89; CI: -10606,44 - 4560,11; RC: -3023,17). Results are 

represented in Fig. 36B. 

 

 

3.3.4.3.3   S100B serum levels and the ERN for incorrect responses at electrode Cz 

The correlation analysis with the ERN values for incorrect responses at electrode Cz and the 

S100B serum levels was performed first including the total cohort (n= 24; mean ERN area: 

264,71 ± 400,37 µV*ms; mean S100B: 0,079 ± 0,030 µg/l). The analysis revealed no significant 

result (p= 0,847; T= 0,195; CI: -5426,37 - 6550,91; RC: 562,27). The group-wise analysis 

revealed a significant correlation (p= 0,035; T= 2,44; CI: 1098,69 - 23750,10; RC: 12424,40) for 

controls (n= 12; mean ERN area: 255,81 ± 400,11 µV*ms; mean S100B: 0,073 ± 0,02 µg/l). For 

the remitted depressed group (n= 12; mean ERN area: 273,61 ± 418,21 µV*ms; mean S100B: 

0,84 ± 0,37 µg/l) the regression analysis did not show a significant effect (p= 0,430; T= -,822; CI: 

-10541,10 - 4857,49; RC: -2841,78). Results are represented in Fig. 36C. 

 
 
 
 
 
      
 
 
 
 
 
 
 
 
 
Fig. 36: Linear regression analysis (Pearson) with the ERN values for incorrect responses at 
electrode sites (A) Fz, (B) FCz, (C) Cz and the S100B serum levels. 
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3.3.4.3.4   S100B serum levels and the ERN for incorrect response: summary 

 A possible correlation was tested between the ERN values for incorrect responses and the S100B 

serum values at electrodes where the ERN was detected most profoundly (Fz, FCz, Cz; Fig. 32). 

Due to the reported alterations of both parameters in acute depression, it was expected not to find 

a significant correlation between the two variables in remitted depressed. This might represent 

the recovery from alterations associated with the acute status of the disease. As hypothesized, no 

significant correlations were found between the S100B levels and the response times for the 

group of remitted depressed. 

  

 

3.3.4.4   The possible influence of S100B on depressive symptom severity 

A linear regression analysis was performed to test whether the BDI scores, used to measure 

depressive symptom severity at timepoint of study participation, and S100B serum levels, 

elevated in acute depression, show a significant correlation. It was expected not to find a 

significant correlation between BDI scores and S100B values due to the status of clinical 

remission in the patient cohort. The results are shown in Fig. 38. All three trendlines show that 

the BDI scores increase with higher S100B serum values, but the statistical analyses revealed no 

significant correlation. The first analysis including the total case number (n= 24) did not show a 

significant correlation (p= 0,232; T= 1,23; RC: 49,03) for BDI scores (mean: 6,79 ± 5,71) with 

S100B serum levels (mean: 0,79 ± 0,30 µg/l). The group-wise analysis for the control subjects 

(n=12; mean BDI score: 2,33 ± 2,35; mean S100B: 0,073 ± 0,020 µg/l) also did not reveal a 

significant correlation of BDI scores with S100B serum levels (p= 0,513; T= 0,678; RC: 25,0). 

The remitted depressed showed a mean BDI score of 11,25 ± 4,39 and a mean S100B serum level 

of 0,084 ± 0,037 µg/l. Again, the analysis did not show a significant effect between the two 

factors (p= 0,232; T= 0,533; RC: 19,71).  
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In summary, the results of the correlation analyses with BDI scores and S100B serum values did 

not reveal any significance for any of the three subgroups tested, although a general increase of 

the BDI scores with the S100B serum values was observed.  

 

 

3.3.4.5 The possible impact of different S100B serum levels on the depressive symptom 

  severity, behavioural data and the Error-related negativity in remitted depression 

Based on previous work it was tested whether S100B serum levels show an influence on 

neurocognitive processes (Dietrich et al., 2004, Zhang et al., 2009). In contrast to the prior 

studies focussing the S100B impact on the old/new-effect and associated recovery from impaired 

memory functions in remitted depression, this study investigated the possible impact of S100B on 

error-monitoring processes in. It was tested whether the demonstrated effect of different S100B 

serum levels on the recovery of memory impairment in acute depression can be extended to error-

monitoring processes as represented by the ERN.  

Based on the median S100B serum value (0,090 µg/l), the group of remitted depressed (n= 12) 

was subdivided into subjects with relatively high- (HL; n= 7; mean S100B: 0,107 ± 0,029 µg/l) 

Total: p= 0,23 

C: p= 0,51 

RD: p= 0,61 

Fig. 37: Linear regression 
analyses with BDI scores 
and S100B serum levels. 
The linear regression analyses 
(Pearson) with BDI scores and 
S100B serum values were 
performed for the total case 
cohort (Total), controls subjects 
(C) and remitted depressed 
(RD). 
 
 

R2 total: 0,064 
R2 C: 0,044 
R2 RD: 0,028 
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and low S100B serum levels (LL; n= 5; mean S100B: 0,052 ± 0,014 µg/l). The statistical 

comparison of S100B serum levels between the two subgroups showed a significant difference 

(p= 0,004; F= 1,53; T= -3,76; df= 10). Additionally, the two groups were initially tested for age 

to exclude a possible influence of this variable on the results. The age difference was not 

significant (mean age: HL= 52 ± 7,3 years; LL= 52,6 ± 9,5 years;; p= 0,904). The two groups 

were further tested for significant differences in clinical test score results that represent 

depressive symptom severity. The statistical comparison between the two S100B groups did not 

show a significant difference for BDI (p= 0,640), Bf-S (p= 0,773) or BSI (p= 0,640). Results are 

represented in Fig. 38. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Acute depression causes cognitive slowing that is represented in increased reaction times. A first 

analysis tested whether differences in S100B serum levels result in significant reaction time 

differences. The statistical comparison between high- and low-level S100B carriers within the 

 p= 0,640 

 p= 0,773 

 p= 0,640 Fig. 38: Boxplot representation 
of the statistical comparison of 
test score results between 
remitted depressed with high 
and low S100B serum levels.  
The categorization into high and low 
level S100B carriers was performed 
related to the median S100B (0,09 
µg/l). The statistical comparison did 
not reveal significant differences in 
test score results between the two 
groups.  
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group of remitted depressed did not reveal any significant difference in reaction times (data not 

shown). Therefore an influence of S100B serum levels on reaction times was not found. 

In the following, the possible influence of different S100B levels on neurocognitive processes, 

reflected by the ERN component, was tested. Therefore a statistical t-test comparison of the ERN 

for correct and incorrect responses between the two groups was performed. The ERN values for 

both conditions did not differ between remitted depressed with relatively high- and low-S100B 

levels (data not shown). Additionally, a repeated measurement ANOVA was performed with the 

conditions response x S100B subgroup at electrode sites Fz, FCz, and Cz. The ANOVA did not 

show a significant difference between the two subgroups (Fz: p= 0,792; FCz: p= 0,549; Cz: p= 

0,641). Finally, the three frontocentral electrodes Fz, FCz and Cz were grouped and selected for a 

repeated measurement ANOVA with the conditions (electrode group x response x S100B 

subgroup). The analysis did not reveal a statistically significant difference (p= 0,596; f= 0,296; 

df= 1) between high and low S100B carriers within the remitted depressed. 

To summarize the results no guiding principle of an influence of S100B on any of the tested 

variables was found. Firstly, a normalization of the ERN in remitted depressed in comparison to 

the healthy control group was observed. Secondly, equal S100B serum levels in healthy controls 

and remitted depressed were noted. Thirdly, similar S100B serum levels in remitted depressed 

under concurrent antidepressant medication in comparison to remitted depressed without 

antidepressant medication were found. The correlation analyses with S100B from remitted 

depressed and the clinical test scores, behavioural data and the ERP data did not show any 

significant effect. Finally, the subcategorization of the remitted depressed into relatively high- 

and low-level S100B carriers did not reveal any significant difference for the behavioural data, 

depressive symptom severity and the ERN. 

Both the ERN and S100B did not show any alteration in remitted depressed in comparison to 

healthy age-matched controls. The hypothesis of the normalization of the selected behavioural, 

serological and electrophysiological alterations reported in acute depression could be supported 

for remitted depression with the preliminary data from this study. 
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4. Discussion 

4.1 Study participants: Telomere shortening and immunosenescence in depression 

52 healthy control subjects and 49 remitted depressed patients could be recruited to investigate 

telomere shortening and immunosenescence in depression. Although participants were asked 

about past bipolar depressive episodes and some reported experiences with given bipolar 

symptoms, none of the remitted depressed reported or provided any clinically documented past 

bipolar episode. This observation points out the problem of possible incorrect or unprecise 

diagnosis of depression subtypes that can result in non-favourable therapeutic outcome. This 

problem is represented by the relatively high relapse rate within the first six months after clinical 

remission (Ramana et al., 1995). On the other, hand it is still controversially discussed whether 

unipolar and bipolar depression differ in pathology related to the findings that mostly the same 

areas of the brain are affected. With regard to cortisol, to our knowledge it is not known whether 

unipolar and bipolar disorders differ in levels of hypercortisolism that most likely contribute to 

telomere loss by the telomerase inhibition in vivo. To summarize this issue, it is favourable to 

subcategorize remitted patients in future studies to investigate differences in telomere shortening 

between these two subtypes of depression.  

Exclusively women were recruited for this initial study because firstly epidemiological data show 

a 50 % higher risk for women to suffer from a depressive episode through lifetime. Secondly, 

depressed women generally suffer from more depressive episodes during life due to a higher 

vulnerability for a depressive relapse (WHO, 2007). To increase data quality with regard to the 

investigation of telomere shortening differences between single episode depressed and those with 

recurrent depression it was decided to investigate first telomere differences in one gender in the 

frame of this initial study. This decision was also based on the finding of a gender-specific 

difference in telomere length with generally longer telomeres in women (Benetos et al., 2001). 

This finding is in line with demographical data showing that women reach higher total life span. 

A similar study will be performed exlusively with men to investigate gender-specific differences 

in depression-associated accelerated telomere shortening. 

Another aspect is related to the age of the study participants. Because it was not only of interest 

to show a general difference in telomere length between healthy controls and remitted depressed 
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but also the possible tendency of a difference in telomere length between depressed with one and 

with more than one past episode, clinical outpatients with an age between 40-65 were recruited. 

In this age range the total number of past depressive episodes is higher than in younger patients. 

Following studies should recruit study participants with a larger age range to further investigate 

age-dependend differences and to see where the telomere length difference becomes strongest 

between healthy controls and depressed.  

Concurrent antidepressant medication is often an interference factor to clinical trials. The status 

of remitted depression is characterized by the absence of clinically relevant symptom severity 

although residual symptoms are often persistent (Paykel, 1998). Regarding the telomere project 

part we know of no data demonstrating a direct influence of antidepressant medication on the rate 

of cellular turnover in immune cells that would point out antidepressant drugs as an additional 

factor for telomere differences between depressed with and without antidepressant medication. 

Most reports lead to the view that antidepressant drugs primarily cause effects related to 

serotonergic neurotransmission and gene expression levels (Thome et al., 2000; Kim et al., 2000; 

Nestler et al., 2002). Further, the reports related to cytokine and immunological alterations show 

a trend towards a normalization of the alterations reported for acute depression (Xia et al., 1996). 

We therefore hypothesized that antidepressant medication might have little to no effects on the 

telomere data because at best antidepressant medication causes a normalization of 

neurotransmission processes and also in immune system regulation. Therefore concurrent 

antidepressant medication at timepoint of study participation was not valued as an exclusion 

criterion. To provide first data with regard to this issue a possible telomere difference based on 

antidepressant medication and its effects on cellular turnover was calculated. Remitted depressed 

were subcategorized (no medication vs. under medication) and the groups were tested first 

negative for age-differences (data not shown). Finally, the comparison of telomere length 

between the two groups did not show significant differences in any of the three lymphocyte 

populations analyzed. To investigate a possible influence of antidepressant medication on the 

cellular turnover in these cells in vitro, cultured lymphocytes could be incubated with 

physiologically analogous concentrations of (different) antidepressant drugs to test whether an 

alteration in the rate of cell divisions can be observed. This would provide first in vitro data for 
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the possible role of antidepressant drugs on immunosenescence. Additionally, these cells could 

be tested for the possible influence of antidepressant drugs on telomerase activity using e.g. 

TRAP assays (see 4.2.2.5.3) for investigation. 

 

 

4.1.1 Recruitment and clinical interview 

Prior to study participation, a telephone screening was performed to test basic inclusion criteria. 

Participants who passed the initial screening were invited to the clinic to perform a test battery 

including BDI (Beck’s depression inventory), BSI (Brief symptom inventory), and one german 

mood rating scale (Bf-S) to assess depressive symptom severity. Intelligence was estimated with 

the MWT-B test (word recognition test) to estimate intelligence.  

Although all study participants reported to be physically and mentally healthy, we support the 

idea to extend the inclusion citeria with a haemogram to test the health status prior to study 

participation. This would be supportive to assurely exclude immunological or endocrinological 

alterations (e.g. IL-6, TNFα, S100B) at timepoint of study participation. We recommend the 

haemogram for future studies to increase the reliability of the assessed data. Additionally, further 

variables like smoking behaviour (Valdes et al., 2005), sports activity and frequencies (Cherkas 

et al., 2008), nutrition (Jennings et al., 2000), comorbidities and clinical records, sleeping 

behaviour, and the socioeconomical status (employment status, family status, children; Parks et 

al., 2009) should be noted. Some of the these parameters have been strongly related to stress and 

accelerated aging in healthy subjects, i.e mothers of disabled or chronically ill children or people 

who were caregivers to relatives also showed accelerated telomere shortening in lymphocytes 

(Epel et al., 2004). These variables might allow to highlight further possible candidates that 

significantly influence telomere erosion. The expansion of the variables claims the increase of the 

total case number for statistical reliability. This points out the main limitation of this study, 

because the qFISH technique is not favourable to analyse a relatively large sample size. In the 

following outlook, the recently available flowFISH technique (see 4.2.2.5.1) will be introduced 

that overcomes the qFISH disadvantages. Interestingly, some of the listed factors that might be 

associated with accelerated telomer shortening additionally could provide insights into the 
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demographical tendencies that within the last 100 years people become continuously older with 

each generation (WHO, 2007). For example, oversupply and nutrition, and also a decreased 

influence of negative environmental parameters like traumatic stress (e.g. war) or pollution might 

be some reasons for today’s relatively high life expectancy. On the other hand, e.g. smoking, 

(post-traumatic) stress or a stressful work would represent factors that could shorten total lifespan 

by oxidative damage, hypercortisolism, and free radicals. Karasek and collegues demonstrated 

that stressful work elevates the risk to suffer from cardiovascular diseases, stroke or cardiac arrest 

(Karasek et al., 1988). To summarize the idea we hypothesize that within the past 100 years the 

increase in total lifespan could be demonstrated by comparing the telomere length of present 

elderly who faced e.g. World War II (ages 80-100) with present young subjects when they reach 

the same age range.  

All remitted depressed subjects reported being under periodic monitoring by their general 

practicioner. Remitted depressed with concurrent antidepressant medication reported a 

consultation of the treating physician at fixed intervals. We observed that none of the remitted 

depressed reported a total uncouplement from depressive symptoms as reflected by the clinical 

test scores. This finding is in line with reports about residual symptomatology in remitted 

depressed that is not only related to behavioural observations but also can cause mild cognitive 

impairments (Paykel, 1988).  Studies have shown that about 60 % of all depressed show a 

recurrent depressive episode within the first six months after clinical release (see Ramana et al., 

1995). Due to this observation and to test whether the ERN could be used as a state marker of 

depression we decided to recruit depressed patients who were clinically remitted for at least six 

months to minimize the risk of recruiting outpatients at the beginning of a developing but 

unrecognized depressive episode. The high relapse-rate, as represented in Fig. 2B-C, might be 

related to two main problems in the primare care treatment of depression. After the initial onset 

of a depressive episode it requires experience by the clinician to relate the reported and 

observable symptoms to depression. Most depressed patients are irritated by the initial diagnosis 

of depression because they relate their psychosomatic symptoms (sleep disturbances, back- or 

head-pain, loss of appetite) to mostly somatic disturbances. Secondly, it is a big challenge and 

requires even more experience to correctly subcategories the precise type of the present affective 
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disorder. We asked the study participants whether they ever experienced manic symptoms or they 

can identify with unusual behavioural pattern related to mania (i.e. increased need/drive for 

communication, decreased need for sleep, incoherent temporary elevated mood, extensive 

shopping or comparable activities without a following satisfaction, increased drive towards 

sexual activities) that would link to at least one past bipolar depressive episode. In total six 

remitted depressed reported to have experienced some of the described symptoms, but none of 

them was clinically diagnosed bipolar depressed or they reported to hear about these behavioural 

changes for the first time in the context of this depression subtype. Another important aspect in 

the context of recurrent depression is based on antidepressant medication, because the symptom 

severity of the different subtypes and the impairment in life quality can be intensified by 

inappropriate or misapplied medication. 

We summarise, that the relatively high relapse in depression rate can be related to the problem of 

incomplete diagnoses, inaccurate medication, or a premature release from therapeutical care due 

to a transient but incomplete improvement in clinically relevant depressive symptoms.  

 

 

4.1.2 Epidemiological data 

The group-wise comparison of age did not show a statistical significant difference (p= 0,276) 

between the control subjects (51,37 ± 8,14 years) and the remitted depressed (53,08 ± 7,57 

years), a fundamental condition for the statistical comparison of the telomere data. The 

epidemiological finding that depression is more a chronic than an episodic disease (Ramana et 

al., 1995; Kupfer, 1991) was reflected in this study by the reported mean of 3,36 (range: 1-10) 

past depressive episodes. This observation is further promoted by the finding that from 49 

remitted depressed only seven subjects (14,3 %) reported a single depressive episode in clinical 

history. Literature reports that single depressive episodes occur in only 20-30 % of all cases 

(Manji et al., 2000; Pittenger and Duman, 2008). Although our results showed a lower percentage 

that probably result from to the relatively small case number, the generell tendency that 

depression is more as a chronic than an episodic disease was also reflected by our data. Due to 

the high relapse rate the status of clinical remission seems not to represent a stable status itself 



 Discussion 

 -120- 

but more a time interval between two depressive episodes. This idea is in line with the findings 

represented in Fig. 2B. The probability to suffer from a following depressive episode increases 

with each episode (Kupfer, 1991). In general, literature reports two peaks for the onset of the first 

depressive episode. The first peak occurs between the ages of 18-29 with a later peak between the 

ages 30-40 (Von Wittchen et al., 1994; Wacker, 2000). The mean age of first depression onset 

observed in this study was 34,92 ± 13,68 years. Again, the findings of this study align with 

epidemiological data (WHO, 2007).  

Reports have demonstrated that the telomere length in women is generally higher than in men 

(Benetos et al., 2001). First, this gender-specific difference aligns with the demographic data that 

women reach higher ages. Secondly, women show a 50 % higher risk to suffer from depression 

through lifetime (Von Wittchen, 1994). These epidemiological findings led to the decision to 

perform the telomere comparison in this study first exclusively in women, because also the 

possible impact of duration, represented by the number of past episodes, and its effect on 

telomere shortening was of interest. Further studies will be performed exclusively with remitted 

depressed men to complete the data with regard to gender-specific differences in telomere length 

shortening. 

 

 

4.1.3 Self-report measures and clinical assessment 

Statistical comparison of education years showed an equal distribution between remitted 

depressed and control subjects (C: 15,01 ± 2,43 years; RD 14,06 ± 2,35 years; p= 0,065). 

Epidemiological reports show that depression is overrepresented among adults with lower 

education (Blazer et al., 1994; Dohrenwend et al., 1992). Generally, the education level in both 

groups was relatively high. This finding was reflected in the MWT-B results, a clinically 

standardized test to assess intelligence and language skills. The group differences in this test were 

statistically significant showing a higher mean score for controls (32,34 ± 2,77) in comparison to 

remitted depressed (31,19 ± 2,67). The MWT-B test was performed in the EEG experiment to 

provide evidence that the participants were able to understand the experimental task and that they 

were also german native speakers. Secondly, the test scores were used to estimate (word) 
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intelligence. The MWT-B conversion table (9.1.1) was used to calculate analogous IQ values. 

Mean MWT-B scores ranging between 31-33, as found in both groups, are equal to an IQ score 

of 110-127. The conversion of the test scores showed that in both groups the IQ values were 

above average (> 90).  

The Beck’s depression inventory showed significantly higher scores for the remitted depressed 

group (C: 4,02 ± 4,77; RD: 13,84 ± 9,15; p= 2,28E-9). In general, clinical tests like the BDI or 

the HAM-D (Hamilton Rating scale for depression; Hamilton, 1960) are used to monitor 

depressive symptom severity during a clinical in-patient stay and to track the course of 

therapeutic effects on antidepressant treatment by periodical usage. The improving test score 

results during clinical therapy possibly represent neurophysological alterations triggered by 

hypothesized neuroplasticity effects based on antidepressant medication and psychotherapy. 

Although all study participants reported to be physically and mentally healthy, the BDI scores for 

remitted depressed were significantly higher in comparison to the control group. The BDI 

conversion table (see 9.1.2.) shows that the scores for the control subjects indicated a minimal 

and for the remitted depressed a mild to moderate depressive severity at timepoint of study 

participation. 

Two additional clinical tests, namely the Bf-S and the BSI, were performed to check the status of 

emotional well-being and mood. Both tests showed significantly increased scores for the remitted 

depressed group and therefore the results are in line with the findings for the BDI. The test score 

results gave a hint to an often observable, residual depressive symptomatology in clinical 

remission that has been related to a persistently negative perspective and self-schemata of oneself 

and the surroundings even after clinical release (Kennedy and Paykel, 2004; Paykel et al., 1995). 

Paykel and coworkers have argued that residual symptoms might represent a persistent illness 

that continues in an attenuated form (Paykel et al., 1998). These residuals can affect different 

processes like cognition, attention, and memory and also psychosomatic residuals that were 

tested in the clinical test battery.  

In conclusion, the data from the clinical test battery point towards the tendency that the group of 

remitted depressed were potentially in risk to suffer from an imminent following episode. On the 

other hand, the results from the electrophysiologal investigation and the S100B serum level 
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comparison did not provide an indication that the relapse risk was elevated in these patients. To 

improve the association between residual symptomatology and electrophysiological/ serological 

alterations it is be favourable to track the course of depression from clinical therapy to remission 

and a possible relapse to substantiate the knowledge about the individual alterations in these 

markers and their possible association with the clinical status of the disorder. 

 

 

4.2 Telomere length analysis in lymphocytes 

4.2.1 MACS purification of peripheral blood mononuclear cells and flow cytometry 

MACS isolation of lymphocytes is a standardized laboratory technique and led to satisfactory 

results. The isolation of lymphocytes from PBMCs after Ficoll centrifugation resulted in a high 

purity of isolated cells (Fig. 17). The purity in all analyzed samples was above the required 85 %. 

Because of the time-consuming purification method CD4+ cells were directly isolated after Ficoll 

purification and the remaining PBMCs were stored at -80° C for a later isolation of CD8+ and 

CD20+ lymphocytes due to technical limitations. The storage procedure caused an unavoidable 

loss of cells due to damage and/or death as observed after qFISH processing. To avoid the effect 

of accumulating cell loss due to temporal storage, especially if the target cells are only available 

in small quantities, kits can be used to isolate lymphocytes of interest directly from whole blood 

(see Miltenyi Biotech, Germany) via AutoMACS separation. We recommend to first isolate 

PBMCs and then to purify the designated cells because the PBMCs could be additionally used for 

flow cytometry to analyse to composition PBMCs for different lymphocytes (e.g. CD4+ naive vs 

memory; CD4+/CD8+ ratio; CD8+/CD28+ vs. CD8+/CD28-) that show alterations associated 

with aging as reported in a variety of studies (Globerson and Effros, 2000; Hannet et al., 1992; 

Martinez-Taboada et al., 2002). These following analyses will be performed with the available 

PBMC stocks to substantiate the knowledge about accelerated immunological changes associated 

with aging in depression. 
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4.2.2 Telomere fluorescence intensity differences in lymphocytes estimated with qFISH  

Pioneering work by Rufer and coworkers demonstrated that in lymphocytes all chromosomes 

terminate in several kilobases of telomeric repeats and that these repeats are gradually lost with 

age and with replication in vitro (Rufer et al., 1988). It has been hypothesized that the telomere 

length in lymphocytes might reflect both total cell divisions and telomerase activity (Weng et al., 

2008). The hypothesis of this study was that telomeres in lymphocytes show accelerated 

shortening due to depression-associated hypercortisolism that influences both cellular turnover 

(upregulation; Weng et al., 2008) in primary immune cells and their telomerase activity 

(downregulation; Choi et al., 2008) after stimulation to counteract telomere loss. The telomere 

length comparison between participants with a clinical history of depression and age-matched 

controls revealed significant shorter telomeres for the patient group. Depressed showed a strong 

decrease in mean telomere length as reflected by lower TFI values. In conclusion this data 

confirms the hypothesis that depression is associated with accelerated telomere shortening in 

lymphocytes, most-likely induced by the effects of depression-associated hypercortisolism and 

the increase of primary immune cells during the acute status of the disease.   

One limitation of this study has to be addressed with regard to this assumption. Due to the fact 

that remitted depressed were recruited for the study, cortisol levels during the acute status in 

these patients were not available. We therefore relate our results to the reports from literature and 

not to the findings from the acute depressed status in our participants. With regard to this issue, 

future studies should not only measure cortisol but also DHEA (dehydroepiandrosterone) to 

investigate depression-associated, accelerated immunosenescence. DHEA is the major secretory 

product of the human adrenal and it is synthesized from cholesterol stores. It has been suggested 

that DHEA and its sulphated form DHEA(S) may antagonize many physiologic changes of 

endogenous glucocorticoids (Hechter et al., 1997). DHEA alters with age and also is associated 

with immunosenescence. DHEA serum levels decrease by the second decade of life, reaching 

about 5% of the original level in the elderly (Migeon et al., 1957). Luz and collegues reported 

that healthy elders showed significantly lower DHEA levels throughout the day compared to 

young adults (Luz et al., 2006). The measurement of the cortisol/DHEA ratio may contribute to 

the effective determination of functional hypercortisolemia. As a conclusion, it is favourable to 
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measure the cortisol/DHEA ratios instead of estimating only cortisol levels if the question of a 

hypercortisolism is of central aspect in future studies.  

A significant alteration in the cortisol/DHEA ratios between depressed and age-matched controls 

would further provide evidence of depression-associated premature immunosenescence. As 

illustrated in Fig. 4A, the measurement of cortisol faces the problem that the levels alter during 

the day (Gold et al., 1988). Therefore it is suggested to collect samples at distinct timepoints in 

the course of the day (minimum 3 samples per participant are recommended). 

 

 

4.2.2.1 Group comparison of telomere fluorescence intensities in CD4+ T cells 

The comparison of telomere fluorescence intensities in CD4+ cells between remitted depressed 

and age-matched control subjects revealed a highly significant difference (p= 1,82E-4; Fig. 19A). 

The results of this study demonstrate that the CD4+ cells from subjects with a clinical history of 

depression show massively shorter telomeres. The hypothesis of accelerated telomere shortening 

and therefore premature immunosenescence of CD4+ cells in depressed could be confirmed. Our 

data also support the preliminary results by Simon and collegues  who were the first to 

demonstrate accelerated aging in affective disorders by Southern Blot analysis (Simon et al., 

2006). To measure telomere length in lymphocytes the qFISH technique was used which faced 

technical limitations. To convert telomere TFI values into kb (kilobase) size, a Southern Blot 

with cells of the internal standard should be performed. The TFI values of the internal standard 

could be equated in the following with the kilobase size of the telomere length estimated by 

Southern Blot to calculate a conversion factor from TFI values to telomere length in kb. This 

conversion factor could then be used to estimate telomere length in kilobases for all analyzed 

samples. Due to technical limitations, it was first investigated whether generally accelerated 

telomere shortening in lymphocytes could be demonstrated in these cells by qFISH analysis. To 

complete the data, Southern blots with each lymphocyte subpopulation of the internal control will 

be performed to estimate the required conversion factor. To further analyze the TFI results for 

CD4+ cells, a first linear regression analysis was performed to show a correlation of the TFI 

values with age (Fig. 19B). The calculation was performed for three groups: the total cohort, 
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control subjects and remitted depressed. The analyses revealed no statistical significant 

correlations between the two factors (Total: p= 0,842; C: 0,278; RD: p= 0,938). We expected to 

see a linear decrease of the TFI values with age and that this linearity might show a parallel shift 

with decreased values for the remitted depressed. We link this observation to the hypothesis that 

depression shows a strong effect on telomere erosion, but further variables might influence the 

impact on this process because it has been hypothesized that telomere length in cells represents 

not only the replicative history of the cell but also e.g. oxidative damage and telomerease activity. 

Therefore the findings from the correlation of TFI values in CD4+ cells with age might be related 

to that other variables like smoking behaviour, nutrition, somatic diseases, physical activity and 

duration, the socioeconomic status or individualized stressfull life events show an influence on 

the data. In this study a general accelerated telomere shortening in depression could be 

demonstrated, but it is of interest to extend the number of variables included in such studies to 

see how strong they individually influence the difference between the two groups and the linear 

dependency with age. This implicates an increase of the total case number for statistical 

reliability requesting alternative techniques that provide fundamental improvements with regard 

to the time needed for analysis and the economical effort. An introduction on recently available 

techniques to overcome these limitations is given in the future outlook (see 4.2.2.5). 

A subclassification of the remitted depressed was performed to test whether the number of past 

depressive episodes (1 vs. >1 past depressive episode) might show an effect on the telomere 

erosion. An univariate ANOVA for CD4+ TFI values (Fig. 19C; Bonferroni corrected) revealed 

that depressed with more than one past depressive episode showed a stronger effect in TFI value 

differences (p= 0,002) in comparison to control subjects than depressed with a single past episode 

(p= 0,09). These preliminary results support the hypothesis that the impact of depression and its 

physiological consequences increases with the number of depressive episodes and therefore most 

likely with the duration of the disease. This finding is limited by the relatively small case number 

of remitted depressed with a single past depressive episode (n= 5) and therefore its reliablity is 

restricted. To provide further evidence for this hypothesis the case number for remitted depressed 

with a single past depressive episode will be raised in a following study to allow reliable results 

for the statistical group comparison.  
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Additionally, the same study should be performed exclusively with remitted depressed men to 

demonstrate a possible gender-specific difference of telomere shortening in CD4+ cells.  

Additionally, studies have demonstrates a decrease in naïve (CD45RA+) and an increase in 

memory (CD45RO+) T- cells during aging (Globerson and Effros, 2000; Hannet et al., 1992). 

Available stocks of purified CD4+ cells can be used for flow cytometry to investigate a possible 

premature shift in the ratio between CD4+/CD45RA+ and CD4+/CD45RO+ in depressed that 

would additionally indicate a premature immunosenescence effect in these patients.  

 

 

4.2.2.2 Group comparison of telomere fluorescence intensities in CD8+ T cells 

 The Student’s t-test comparison of the estimated telomere fluorescence intensities in CD8+ T 

lymphocytes between remitted depressed and age-matched controls revealed a highly significant 

difference (p= 2,96E-8; Fig. 21A) that was even stronger than for the CD4+ cells. The qFISH 

results demonstrate that CD8+ lymphocytes from depressed patients show a strong accelerated 

telomere erosion, therefore the hypothesis of an accelerated immunosenescence in CD8+ cells 

could be confirmed in this study. The results for CD8+ cells further support the preliminary data 

by Simon and collegues who investigated telomere shortening in affective disorders using the 

Southern Blot as their method of choice (Simon et al., 2006). 

The linear regression analysis with the estimated TFI values of CD8+ cells and age revealed a 

highly significant correlation for all three groups (Total: p= 9,01E-5; C: 0,006; RD: 0,003). The 

graphical representation in Fig. 21B demonstrates a negative parallel shift for the remitted 

depressed in comparison to the control group. The telomere loss in CD8+ lymphocytes with age 

was in tendency similar between both groups, but the total values were significantly lower for the 

remitted depressed.  

A statistical comparison of the CD8+ TFI values between controls, remitted depressed with one 

and with more than one past episode by univariate ANOVA (Fig. 22C) confirmed the findings for 

CD4+ cells. The TFI difference between control subjects and remitted depressed with more than 

one past episode was stronger (p= 1,18E-7) than for remitted depressed with a single past episode 

(p= 0,021). In contrast to the findings for CD4+ lymphocytes, the difference between control 
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subjects and remitted depressed with one past episode was significant and therefore the data raise 

the question whether the influence of depression on the telomere length varies in different 

lymphocytes. Again, the reliability of this finding has to be tested in a larger sample size, because 

it is limited by the relatively small case number of depressed with a single past episode (n= 5). 

In summary, accelerated immunosenescence could be demonstrated for CD8+ cells of remitted 

depressed. Additionally, the study results for CD8+ cells provide first suggestive data for the 

hypothesis that telomere erosion might be stronger in patients suffering from past recurrent 

episodes and therefore the aging effect might be associated with the duration of the disease in 

these cells. These preliminary results should become more reliable by increasing the case number 

of remitted depressed with a single past episode. 

Another aspect to be investigated in following studies is the senescence-associated loss of the co-

stimulatory receptor CD28 in CD8+ lymphocytes, which has been reported for aged individuals 

in vivo and in senescent T cells in vitro (Weng et al., 2008). CD8+/CD28- T cells have shorter 

telomeres than their CD28+ counterparts ex vivo (Monteiro et al., 1996; Allsopp et al., 1996) as 

well as in vitro (Effros et al., 1996; Effros, 2003). This observation could be used to test by flow 

cytometry whether an increased alteration in the ratio of CD8+/CD28+ to CD8+/CD28- in 

remitted depressed could be observed. This would provide further evidence that depression is 

associated with accelerated immunosenescence in this lymphocytic subset. To investigate this 

issue, available stocks of CD8+ cells from both remitted depressed and healthy age-matched 

controls will be tested. We hypothesize to find significant alteration in the CD8/CD28+\ CD28-

ratio with a premature decrease of CD8/CD28+ cells in the remitted depressed group. 

 
 

4.2.2.3 Group comparison of telomere fluorescence intensities in CD20+ B cells 

In line with the results for CD4+ and CD8+ lymphocytes, the statistical comparison of the TFI 

values in CD20+ cells (Fig. 23A) revealed a highly significant difference between remitted 

depressed and age-matched controls (p= 4,75E-8) with lower TFI values for the remitted 

depressed. This statistical difference was highest in all three lymphocytes and the CD20+ of 

remitted depressed showed overall smallest mean TFI values of all three analyzed populations 
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(Fig. 24A). In conclusion, accelerated telomere shortening was found strongest in this 

lymphocytic subset.  

In line with the findings for CD8+ and in contrast to the findings for CD4+ cells, the linear 

regression analysis for the total cohort revealed a strong significant correlation between the TFI 

values and age. The group-wise analyses did not show a significant correlation for neither the 

control subjects (p= 0,143) nor the remitted depressed (p= 0,06), although the values for the 

remitted depressed showed a strong tendency towards significance. We expect these values to 

become significant by increasing the case number or by expanding the age range of the 

participants. Like for CD8+ cells, the linear regression analysis revealed a negative parallel shift 

of the trend lines between the two groups with a lower level for the RD group (Fig. 23B). 

Complementary, univariate ANOVA analysis (Bonferroni corrected) of the estimated CD20+ TFI 

values of control subjects, remitted depressed with one and with more than one past depressive 

episode were performed (Fig. 23C). The TFI comparison revealed a stronger significant 

difference between controls and remitted depressed with more than one past depressive episode 

than for remitted patients with a single past episode. This finding is in line with the results for 

CD4+ and CD8+ cells, but also faces the same limitation, because its statistical reliability is 

restricted due to the relatively small case number of remitted depressed with a single past episode 

(n= 5). In the following, this group should be extended to a comparable size to test the reliability 

of this initial tendency.   

As an extension to the preliminary findings by Simon and collegues (Simon et al., 2006), the 

results of this study provide first data for an accelerated immunosenescence in CD20+ B-cells in 

association with depression.  

 

 

4.2.2.4 Summary: accelerated immunosenescence in depression 

The effects of chronic stress and the associated hypercortisolism have been postulated to cause 

long-term biological damage. Chronic stress, as seen in depression, has been hypothesized to 

result in accelerated lymphocytic aging. Lymphocytes are specially targeted by cortisol and its 

intracellular effects because these cells express higher densities of mineralocorticoid and 
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glucocorticoid receptors (McEwen et al., 1997). The hypothesis of accelerated 

immunosenescence in depression was based on the biological findings of (i) depression-

associated, elevated cell numbers of primary immune cells (Syvaläthi et al., 1985; Mes et al., 

1992; Müller et al., 1993; Schlatter et al., 2004a), (ii) the observation of cortisol-associated 

immunosuppression which increases the risk to suffer from comorbidities that implicate an 

increase of immune responses and therefore additional cell divisions (Sluzewska et al., 1993; 

O’Brien, 2006), and (iii) a cortisol-associated telomerase inhibition in lymphocytes in vitro (Choi 

et al., 2008). These findings would sum up in accelerated telomere erosion and therefore in 

accelerated immunsenescence. The statistical comparison of the estimated TFI values revealed a 

higly significant difference for all three analyzed lymphocytic populations. The TFI difference 

between heathly controls and remitted depressed was highest for CD20+ B cells (p= 4,75E-8), 

followed by CD8+ T killer lymphocytes (p= 2,96E-8) and finally CD4+ T helper lymphocytes 

(p= 1,82E-4). The hypothesis that lymphocytes of remitted depressed show significantly 

accelerated telomere erosion in comparison to age-matched control subjects could be confirmed. 

Our results support the preliminary data by Simon and coworkers of accelerated telomere 

shortening (Simon et al., 2006) and extend the knowledge about accelerated telomere erosion in 

depression to CD20+ B cells. 

Fig. 8 illustrates normal telomere shortening in lymphocytes during aging. The data show that 

telomere shortening increases with age. Study participants were recruited with an age ranging 

between 40-65 to increase the numbers of past depressive episodes. The idea was to show the 

possible effect of the number of past depressive episodes on telomere shortening. The defined 

age range in this study allows only a restricted view on aging effects related to lymphocytic 

telomere shortening, although already the data from this study provided evidence for the 

hypothesized accelerated aging in depressed. For following studies it is recommended to extend 

the age range to the fully available, clinical spectrum. This study also needs some extensions and 

faced some technical limitations that will be discussed in the following.  

To improve the results of this study, the data resolution should be increased by investigating first 

the differences in telomere length for different subsets of the lymphocytic populations (e.g. 

differences between naive and memory cells) and their composition (subsets and populations) 



 Discussion 

 -130- 

during aging, because i.e. the ratio between CD4+/CD8+ cells also changes with increasing age 

(see Fig. 12). Immunosenescence in T cells is accompanied by changes in T cell subsets. For 

example, a decrease in naïve (CD45RA+) and an increase in memory (CD45RO+) T- cells have 

been described. This recommendation is based on reports by Rufer and coworkers who analyzed 

different lymphocytes and found a heterogenity in telomere fluorescence that they related to the 

differences in the replicative history between naive and memory cells (Rufer et al., 1999). They 

reported a difference in telomere length of about 2,5 kb between naive and memory CD4+ T cells 

in normal adults. These analyses could not be performed in the frame of this study, but stocks of 

both PBMCs and purified lymphocytes are available for flow cytometry in following studies.  

Telomere length in lymphocytes of the internal control should be analyzed by Southern blot to 

calculate a conversion factor for TFI values into kb size. This is favourable to compare the results 

obtained by this study with the preliminary data by Simon and collegues about accelerated 

telomere shortening in mood disorders (Simon et al., 2006). 

Telomere length in women is generally found larger in comparison to men (Benetos et al., 2001). 

To increase homogenity in this study, first exclusively women were recruited for participation. In 

future, the same study should be performed for male subjects to show a possible gender-specific 

difference in depression-associated accelerated aging. 

The qFISH is a reliable technique to assess telomere length in a variety of cells and tissue. It was 

used in this study to reveal accelerated telomere erosion in remitted depressed based on the 

estimated telomere fluorescence differences. These differences are calculated based on the mean 

TFI value of each cell. To estimate telomere fluorescence under the microscope, chromosomes of 

qFISH-processed cells have to be in focus of the optical path. One additional step of procedure 

could help to increase the quality of the qFISH data. The isolated lymphocytes in this study were 

mostly in interphase. The DNA in these cells is decondensed within the cell core. As the digital 

images of the lymphocytes illustrate (e.g. Fig. 18), not all telomere spots are in focus and 

therefore this results in a higher standard deviation of the mean TFI for each cell in comparison to 

cells in metaphase. One additional step of procedure could overcome this problem. If qFISH is 

the method of choice to assess telomere length, it is favourable to implicate cell culture work 

prior to the qFISH analysis. Following isolation, target cells are cultured and incubated with 
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Demecolcine solution, a standard chemical e.g. for karyotyping. Demecolcine, also known as 

Colcemid, blocks mitotic cells in metaphase. As a result, all metaphase chromosomes are (i) 

condensed and (ii) mainly located in one focus layer. It can be therefore hypothesized that the 

comparison of metaphase-blocked cells in this study might show higher differences in telomere 

fluorescence intensities due to an increase of data quality by decreasing standard deviation. 

Nevertheless, the statistical difference of the estimated TFI values between remitted depressed 

and age-matched healthy controls could be demonstrated by the standard qFISH procedure. The 

Demecolcine treatment would be supportive to improve data quality, but it was not essential in 

this initial study. 

 

 

4.2.2.5   Future outlook 

Three additional methods will be used in following studies to substantiate the knowledge about 

telomere shortening, telomerase inhibition and accelerated immunosenescence in depression. 

Quantitative fluorescence in situ hybridization was performed in this study to estimate telomere 

length in lymphocytes. Although this method is well established and reliable, the clinical use is 

limited due to the fact that the staining protocol, the microscopic examination and the statistical 

evaluation are relatively time-consumpting. An alternative protocol using the flowFISH 

technique has been established to analyse telomere length in a variety of cells. FlowFISH 

combines flow cytometry with cytogenetic fluorescence in situ hybridization. 

 

 

4.2.2.5.1 FlowFISH is a highly efficient technique to assess telomere length in a variety of  

cells by  flow cytometry 

The estimation of the telomere length by qFISH analysis is challenging, impeding its 

implementation in clinical use. Another favourable alternative is the flowFISH technique. Instead 

of the microscopic examination of telomere fluorescence intensities by qFISH, the flowFISH 

technique combines fluorescence in situ hybridization (FISH) with telomere measurement by 

flow cytometry. The advantage of this technique lies firstly in the sample size of cells that can be 
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analyzed (> 50.000) and secondly, it takes only a small fraction of time for the measurement and 

the analysis in comparison to the qFISH procedure. Available stocks of PBMCs from Ficoll-

isolation and MACS-purified lymphocytes will be used in future work to perform the flowFISH 

for subsequent data comparison generated by different FISH methods. 

 

 

4.2.2.5.2   Double-strand break (DSB) repair efficiency as a correlate of cellular age 

A second enhancement to analyse depression-associated aging effects in lymphocytes is based on 

an assay related to the double-strand break repair mechanism. The theoretical background of this 

assay will be shortly illustrated (for detailed information see Seluanov et al., 2004). 

The method is based on the induction of DNA double-strand breaks in vitro either chemically 

(e.g. hydrogen peroxide) or physically (X-ray) in cells (for a review about DNA repair assays see 

Gurbunova et al., 2007). After the intracellular detection of the induced DSB damages, cells 

initiate the DNA repair mechanism, which is able to repair the DNA double-strand breaks to a 

certain extend. Studies have shown that the efficiency of the DSB repair mechanism represents a 

strong correlate of the cellular age (Chen et al., 2007; Robbles and Adami, 1998; Gurbanova et 

al., 2007). After the induction of DNA damage, double-strand breaks are estimated by 

fluorescence detection. A specific dye that binds to double-strand breaks emits fluorescence at a 

specific wavelength. After a certain time the fluorescence intensity is re-measured and the 

decrease of fluorescence, therefore the difference between the two measurements and the rate of 

DNA repair is detected and used for statistical comparison.  

Different reports have shown that the older the cells are the less efficient is the DNA damage 

repair mechanism able to replace the DNA damage and to close the DNA double strand breaks by 

DNA polymerase and DNA ligase activity (Seluanov et al., 2004; Gurbunova et al., 2007). In 

conclusion, the efficiency of the DNA damage repair mechanism is inversely proportional to the 

age of the cells. The DSB repair assay is a well-established technique and has been suggested to 

be a good model to test cellular aging. Due to the telomere length differences found in this study, 

it can be hypothesized that also the DSB repair assay would demonstrate significant differences 

in DSB repair efficiency between healthy controls and (remitted) depressed. Available stocks of 
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PBMCs and purified lymphocytes (CD4+, CD8+ and CD20+) could be used in following studies 

to assess the rate of DSB repair and to demonstrate suggestive significant differences between 

control subjects and healthy controls.  

 

 

4.2.2.5.3  The TRAP assay: a powerful tool to measure telomerase activity in vitro 

It remains unclear whether telomase-activity and -efficiency are generally different in 

lymphocytes and their subpopulations. Additionally, it is interesting to test whether differences in 

telomerase activity between heatlhy controls, acute and remitted depressed can be demonstrated 

in these cells. This also raises the question, if  telomerase activity could contribute to develop a 

state marker of depression.  

One possible technique to investigate these issues is the TRAP (telomeric repeat amplification 

protocol) assay that allows to assess telomerase activity in vitro (for an introduction to the PCR-

based telomerase assay see Wright et al., 1995). It can be assumed that a strong difference in the 

de novo synthesis rate of telomeres between healthy subjects and depressed patients can be found, 

because preliminary data by Choi  have shown that the telomerase activity is impaired by cortisol 

in vitro (Choi et al., 2008). Hypercortisolism is one central finding in depression and therefore 

one can expect to find significantly decreased telomerase activity in lymphocytes of acute 

depressed patients. This method might be a powerful tool to further provide evidence and to 

substantiate the findings of accelerated immunosenescence in depression. Stocks of both PBMCs 

and purified lymphocytes are available that can be used for TRAP assays. The available samples 

from the two groups of healthy controls and remitted depressed should be complemented with 

samples from acute depressed patients. Our hypothesis postulates a cortisol-based, inhibitory 

effect on the telomerase activity level in acute depressed. The TRAP assay could also be used to 

test alterations in telomerase activity in the course of depression. The enzyme activity could be 

compared between acute depression and clinical remission to investigate if the telomerase 

activity might contribute to the development of a state marker of the disease.  
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4.3 S100B serum level comparison between remitted depressed and healthy controls 

Several clinical studies comparing the serum levels of S100B between acute depressed patients 

and healthy controls revealed higher serous S100B in the patient group (Rothermundt et al., 

2001; Arolt et al., 2003; Schroeter et al., 2002; 2008; Hetzel et al., 2005). These results pointed 

towards the view that S100B is associated with glial alterations in the brain and might be used as 

a marker for the acute status of the disease. Rothermundt and collegues also suggested that a high 

level of serum S100B might correspond to neuronal growth and synaptogenesis during synaptic 

remodeling in depressive patients (Rothermundt et al., 2001). In contrast to these reports, Jang 

and coworkers compared S100B serum levels of healthy controls and acute depressed patients 

and found a lower but not statistically significant S100B level in acute depressed (depressed: 

0,0641 ± 0,020 µg/L; controls: 0,0696 ± 0,016 µg/L; p=0.111; Jang et al., 2008). These data were 

not in line with the general statement of elevated S100B in acute depression. In this study it was 

tested whether S100B serum levels in remitted depressed show a normalization in comparison to 

healthy age-matched controls. This normalization would support the view that the S100B level 

might reflect (temporary) recovery from depression and therefore could be used as a state marker 

of the disease. In this study the mean S100B serum levels of remitted depressed were slighty 

higher than for healthy controls (Fig. 25A) but the statistical comparison did not reveal a 

significant difference (RD: 0,078 ± 0,030 µg/l; C: 0,076 ± 0,021µg/l; p= 0,783). In direct 

comparison, the S100B serum levels estimated in this study were generally higher than e.g. in the 

work from Jang and collegues (Jang et al., 2008). This finding can be related to different causes. 

A first reason could be a possible inter-assay difference in the ELISA sensitivity. Another cause 

for the S100B level differences might be the age of the study participants. The linear regression 

analysis performed in our study showed that in tendency S100B increases with age. This 

observation has been reported also in other studies investigating the association of S100B with 

age in healthy subjects (Wiesman et al., 1998; Portela et al., 2002). Because our participants were 

generally older than subjects in other studies it is not favourable to directly compare S100B 

values between different reports. Further reports have shown that S100B is generally higher in 

women (Wiesman et al., 1998; Yang et al., 2008). In summary, these findings might explain 

S100B serum differences between different reports based on gender and age differences.  
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In this study the two groups showed comparable S100B levels and therefore this data strengthens 

the idea that S100B might be used as a serological status marker of depression.  

Marchi and collegues have calculated mathematical models suggesting that serum S100B levels 

above 350 ng/L indicate brain damage (Marchi et al., 2004). The serum levels estimated in both 

groups were below this threshold and therefore pathological glial abnormalities can be expluded 

for both groups.   

Further it was tested whether S100B levels show a correlation with age (Fig. 25B), because 

epidemiology clearly demonstrates that both the risk to suffer from brain diseases and S100B 

increase with age (Wiesman et al., 1998; Portela et al., 2002). Therefore it was investigated 

whether an increase in S100B, which might reflect inflammation and/or the discussed attempt to 

restore neuroplasticity by S100B secretion of glial cells, could be observed in the cohort. The 

linear regression analyses (Fig. 25B) with S100B values and age showed a tendency towards an 

age-associated increase of S100B for all three tested groups (total cohort; controls; remitted 

depressed), but no statistically significant effect could be measured. It can be hypothesized that 

the increase of both the age range and/or the number of the sample size would strengthen the 

correlation and might result in a significant effect.  

The results of a previous study revealed a positive correlation between the severity of depression 

and serum S100B levels in acute depression (Hetzel et al., 2005). We performed different 

analyses to test this issue in this study on remitted depression. The first analysis included the 

S100B serum values and the estimated BDI scores (Fig. 25 C) that represent depressive symptom 

severity. The results did not point towards a correlation (p= 0,932), although the remitted 

depressed group showed relatively elevated BDI scores (Fig. 25A). The same analyses were 

performed with the score results of the BSI and Bf-S that represent mood states and emotional 

well-being. Again, no significant correlation was found.  

Based on the median S100B level, remitted depressed were further subcategorized into two 

groups: subjects with relatively high- and low S100B levels. It was tested if the two groups, 

related to different S100B levels, show significant differences in depressive symptom severity as 

reflected by the clinical test score results (Fig. 27). Although the subjects with higher S100B 

levels had slightly elevated scores in the BDI, the Bf-S and the BSI, no significant differences 
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could be found between the two groups. These results were completed with linear regression 

analyses for a possible correlation of S100B with BDI, Bf-S and BSI scores. Except of different 

S100B values, the trend lines for both groups were comparable (Fig. 28A-C). Therefore no effect 

of S100B differences on the depressive symptom severity was found. These results additionally 

strengthen the idea that the normalization of S100B possibly reflects recovery from depression. A 

following study with remitted depressed who are monitored for S100B during clinical remission 

could be performed to test, if changes in S100B might indicate the reoccurrence of depression-

associated glial alterations that would result in a depressive relapse. This idea will be further 

elabortated for a subsequent study.  

The last aspect elicited was the possible impact of antidepressant medication on serous S100B, 

one of the proteins involved in neuroplasticity (Schäfer and Heizmann, 1996; Ponath et al., 

2007). It has been suggested that a loss of neuroplasticity and cellular resilience may underlie the 

pathophysiology of mood disorders (Karege et al., 2002; Pittenger and Duman, 2008) It is 

accepted that extracellular S100B acts as growth and/or differentiation factor for neurons and 

astrocytes via various intracellular signal cascades (Manjii et al., 2000, Schäfer and Heizmann, 

1996; Kögel et al., 2004; Ponath et al., 2007; Wilder et al., 2006). Reports have associated the 

recovery from depression with neuroplasticity (Duman, 2007; Pittinger, 2008; Daszuta et al., 

2005) and the time lag that occurs between the administration of antidepressants and the onset of 

therapeutic effects suggests that the improvement of depressive symptoms arises not only from 

changes in neurotransmission but also from enhanced neurogenesis and the induction of 

neuroplasticity (Duman, 2007; Pittinger, 2008; Daszuta et al., 2005; Santarelli et al., 2003; 

Arrantes-Goncalyes, 2006; Henkel et al., 2008; Vetencourt et al., 2008; Manji et al., 2000).  

Studies have reported that antidepressants exert their effects by increasing neurogenesis and 

modulating the signaling pathways involved in neuroplasticity (D’Sa and Duman, 2002; Tardito 

et al., 2006). It has been further reported that antidepressants enhance the secretion of S100B by 

astrocytes via serotonergic systems (Zimmer et al., 1995; Whitaker-Azmitia et al., 1990; Carson 

et al., 1996; Porter and McCarthy, 1997). In this study it was tested whether antidepressant 

medication shows an effect on S100B serum levels in clinical remission. Remitted depressed 

were subcategorized into subjects with and without antidepressant medication. The results in Fig. 
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26 show that antidepressant drugs did not show any significant effect on the S100B serum level 

in serum between the two subgroups. To further investigate the possible influence of different 

antidepressant drugs on S100B serum levels, depressed should be subdivided related to the class 

of antidepressant medication and the intake dosage. 

Further, both the S100B serum level comparison and the correlation analyses with the clinical 

test scores revealed no significant effects. Therefore these findings again point towards a total 

normalization of S100B in clinical remission. Following studies will be performed to test if the 

S100B protein could be used as a state marker of depression. It should be tested at timepoint of 

clinical release whether the S100B levels allow a prognosis of recovery and survival, because 

clinical data highlight the problem that most depressed patients show a clinical relapse within the 

first six months (Ramana et al., 1995). In conclusion, it would be favourable to test whether 

S100B might be a serological index for the survival of clinical remission. 

 

 

4.3.1 S100B and its role as a state marker of depression 

The results of this study strengthen the idea of a normalization of serous S100B in remitted 

depression. It is of great interest to perform a study with acute depressed and to compare the data 

obtained from differenct clinical states of the disease to test the use of S100B as a serological 

state marker for depression. In following studies electrophysiological, serological, 

endocrinological and telomere alterations will be monitored with regard to the clinical course of 

depression with the aim to further promote the knowledge about depression and its associated 

biological alterations.  

 

 

4.3.2 S100B: summary and outlook 

Studies have suggested that S100 proteins play an essential role in the pathogenesis of depression 

and its treatment (Manev and Manev, 2006a, Svenningsson et al., 2006). This study was partially 

related to reports showing that different S100B serum levels are associated with alterations in 

depressive symptom severity in acute depressed (Hetzel et al., 2005; Yang et al., 2008). In this 
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study no significant abnomalities about serous S100B in remitted depressed could be measured. 

The results of this study support the concept that S100B might be used as a state marker of 

depression. It remains also questionable whether S100B and its alterations in serum are limited to 

depression and its clinical course or can be applicable also for other like e.g. schizophrenia or 

mania, because the contribution of S100B in these psychiatric disorders has been reported in a 

variety studies (for a review see Rothermundt et al., 2009; Schroeter et al., 2002; Schroeter et al., 

2010). 

 

4.4 The Error-related negativity in remitted depression 

Regarding the EEG inclusion criteria the argumentation by Ruchsow and collegues who 

investigated feedback-related ERN alterations in depression was followed (Ruchsow et al., 

2004). They did not exclude even acute depressed patients under concurrent antidepressant 

medication because their behavioural results showed equal reaction times and error rates between 

acute depressed and control subjects. They hypothesized that antidepressant medication does not 

show any influence on the ERP components in acute depression. Analogously, study participants 

under anitdepressant medication were not excluded from the EEG experiment because it was 

hypothesized that antidepressant drugs would rather support a possible normalization of the ERN 

in comparison to the reported alterations in acute depression. 

In this study the possible influence of antidepressant drugs on neurocognitive error-monitoring 

processes, serous S100B and depressive symptom severity between remitted depressed with and 

without concurrent antidepressant medication was tested. The negative results point towards the 

idea that a possible medication effect can be neglected not only based on behavioural (Ruchsow 

et al., 2004), but also on electrophysiological data, symptom severity and S100B serum levels, as 

demonstrated in this study. 

 

 

4.4.1 Study participants and self-report measures 

The upper age limit of 65 years was determined primarily to exclude subjects from EEG 

participation with a beginning but undiagnosed dementia that might cause electrophysiological 
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and behavioural differences. In total 32 EEG participants were recruited from the total cohort to 

perform the Eriksen Flanker task. After raw data inspection data, sets from 12 healthy controls 

and 12 remitted depressed were included for statistical analysis of the ERN. To obtain event-

related potentials of relatively good quality, participants typically perform between 500 - 1500 

trials in experimental tasks. Related to this issue the total number of trials in this experiment was 

set to 1600 to record a satisfactory amount of events to be filtered for the ERN average in each 

subject. As illustrated in Fig. 32 the estimated grand averages were of relatively good quality. 

The results from the clinical test scores were used to assess the depressive symptom severity at 

timepoint of study participation. The remitted depressed reported a mean of 2,18 ± 0,87 past 

clinical depressive episodes and a mean age of 37,55 ± 11,74 years at first onset of depression. 

The statistical evaluation of age showed no significant differences, one of the most important 

factors in the comparison of neurocognitive processes, because age has been shown in a variety 

of studies to show a strong impact on both behavioural data and neurocognitive processes (for a 

review see Park and Reuter-Lorenz, 2009). Further it is questionable whether the ERN 

component also shows age-related differences in depression. The participants in this study were 

relatively progressed in age (controls: 51,75 ± 6,8 years; remitted depressed: 52,25 ± 7,9 years; 

p= 0,087). Studies have demonstrated that the ERN is decreased in older adults (ranging between 

ages 54 – 85) when compared to young adults (ranging between ages 18–28; Band & Kok, 2000; 

Falkenstein et al., 2001; Mathalon et al., 2003; Mathewson et al., 2005; Nieuwenhuis et al., 2002; 

Themanson et al., 2006). These findings may be confounded by behavioural differences, such as 

decreased accuracy in older adult groups (Band and Kok, 2000; Mathewson et al., 2005; 

Nieuwenhuis et al., 2002). Therefore two conditions have to be fulfilled to make a point about the 

ERN characteristics. Firstly, both groups should be of the same age and secondly, the behavioural 

data for the conditions of interest have to be equally. In this experiment a significant difference 

for the percentage of missed stimuli was found, but even this finding did not result in significant 

ERN differences for any of the analyzed conditions. The percentages of correct and incorrect 

responded stimuli were equally between the two groups and therefore it can be assumed that the 

ERN results are reliable.  



 Discussion 

 -140- 

In addition the same EEG experiment will be performed in younger cohorts and this data will be 

compared with the data obtained from this study to further substantiate the characteristics of the 

ERN in clinical remission. One can hypothesize that the ERN shows significant differences 

between young and old remitted patients. This might reflect cognitive aging processes also 

reported for the ERN in healthy subjects (Falkenstein et al., 2001; Nieuwenhuis et al., 2002; 

Mathalon et al., 2003; Mathewson et al., 2005; Themanson et al., 2006). It is also of interest to 

test whether the ERN differences between remitted depressed and healthy controls might be 

influenced by age.  

The results of the MWT-B scores were in line with the findings for the total cohort comparison of 

telomere study participants. Again, although the score differences were significantly different, 

both groups fulfilled inclusion criteria (MWT-B > 20). It is the question whether intelligence has 

an impact on the error-monitoring processes and the ERN. To our knowledge, no data about the 

impact of intelligence on the ERN has been reported. To test this issue, additional age-matched 

groups (healthy controls and remitted depressed) with relatively low intelligence (< IQ 90) could 

be tested and compared with the data from this study.  

All three clinical tests (BDI, Bf-S and BSI) performed to evaluate depressive symptom severity 

showed significantly higher scores for the remitted depressed group. This observation is in line 

with reports about residual depressive symptoms in clinical remission and these residuals might 

reflect persistent negative schemes about oneself and the surrounding in these patients, one of the 

main aspects of depressive symptomatology (Kennedy and Paykel, 2004; Paykel et al., 1995). 

Paykel and collegues have raised the view that this residual symptomatology might represent the 

original illness continuing in a milder, attenuated form (Paykel et al., 1998). The residual 

symptomatalogy represents a threat for post-therapeutic stability and recovery from depression as 

reflected in the epidemiological data about survival to remission (Ramana et al., 1995). This 

becomes of central interest, because following studies will be performed focussing the clinical 

course and the therapeutic response in different types of affective disorders with regard to 

electrophysiological alterations and their association with differences in S100B serum levels. 
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4.4.2 Behavioural data and response evaluation 

All EEG participants stated to be highly motivated and reported physical and mental well-being 

at timepoint of study participation. The behavioural observations during the ongoing EEG did not 

show any significant differences between the two groups. Participants were permitted to ask for a 

break extension during the trial blocks to exclude possible resignation effects due to a mental 

overload triggered by the task. No participant asked for additional time to recover during the 

breaks. After the EEG experiment all participants were interviewed about their experiences 

during the experiment. All subjects reported that the aware commission of an erroneous response 

was immediatelly detected and caused an increase of motivation to compensate the error response 

in the following trial. Remitted depressed reported in tendency to have problems with answering 

all presented stimuli because concentration decreased by the end of the experiment. This was in 

line with the observation regarding the behavioural data, because the percentage of missed 

stimuli was significantly higher in this group (Fig. 31). 

Psychomotor retardation is a central aspect of acute depression (Wildlöcher, 1980; Hart and 

Kwentus, 1987; Lemelin et al., 1998; Dantchev et al., 1998). The cognitive impairment can be 

observed most profoundly in increased reaction times that are attributed to the often observed 

mental slowing, a cognitive impairment in depression reported in various studies (White et al., 

1997, Austin et al., 2001; Kurlan, 2006). We recruited depressed patients in clinical remission 

and hypothesized not to find significant differences in reaction times and hit scores. A 

normalization of the behavioural data would indicate the present status of clinical remission and a 

recovery of the cognitive impairments found in acute depression.  

The evaluation of the behavioural data showed a full normalization in response times for all 

analyzed conditions (Fig. 30). Consistent with previous findings, all subjects responded generally 

faster on error trials than correct trials (Dikman and Allen, 2000; Pailing et al., 2002; Ruchsow et 

al., 2004). Additionally, we confirm the findings by Rabbitt and collegues who reported that 

errors were relatively rare and characterized by fast reaction times compared to correct responses 

(Rabbitt et al., 1966). Related to the findings from Ruchsow and collegues for the commonly 

analyzed conditions (Ruchsow et al., 2004), no differences in error rates and reaction times 

between the two groups were measured. In contrast to their findings, a behavioural group-
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difference ancillary analyzed between the remitted depressed and the healthy controls did occur. 

A significant difference in hit scores for missed stimuli was found, possibly resulting from 

residual mental impairments with regard to concentration performance. The percentage for 

unresponded stimuli was significantly higher for remitted depressed. This finding suggests that 

the remitted depressed showed residual cognitive impairment resulting in a decrease in 

concentration constancy after the committment of an aware error. The remitted depressed most 

likely had problems with holding the attentional level over the whole experimental time. This 

idea was confirmed by the oral reports following the experiment that the task was higly 

demanding. We therefore link these observations to a possible mental overload that became 

stronger with the ongoing experiment. Comparable findings have been described in a variety of 

reports about residual symptomatology in remission (for a review see Paykel, 1998). With regard 

to the behavioural data from other studies, it is not favourable to directly compare the reaction 

times and hit score percentages because the most profound impact on these data is the age of the 

study participants.  

 

 

4.4.3 The ERN in remitted depression 

Although different reports have shown that the response-related ERN component is significantly 

altered in acute depression, no data has been reported about the characteristics of the response-

related ERN in remitted depressed (for a review see Olvet and Hajcak, 2008). We investigated 

this Error-related component to test whether the alterations observable in acute depression do 

persist for the status of clinical remission. A normalization of the component was expected that 

would provide first evidence that the ERN could represent an electrophysiological state marker of 

depression. To our knowledge this is the first data that addressed this issue. The ERN was 

triggered by erroneous responses in a speeded choice reaction task. Due to the status of clinical 

remission we hypothesized to find a normalization of both behavioural and electrophysiological 

alterations seen in acute depression.  

The visual inspection of the ERP data showed that a strong negative component occurred within 

0-150 ms after an erroneous response in both groups. Additionally in line with prior reports, the 
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ERN component was pronounced fronto- and mediocentrally (Fz, FCz, Cz) showing the highest 

peak at electrode FCz (Fig. 32). This observation fits with reports that linked these electrode 

sides to the source of the ERN compound within the anterior cingulate cortex.  

The grand averages for correct and incorrect conditions were first used for a group-wise 

statistical comparison, which did not reveal any significant difference at any electrode (Fig. 32). 

This first result supported the idea that the both groups behave similarly and that the occurring 

differences are not significant. Therefore this first finding supports the study hypothesis that the 

ERN in remitted depression shows a normalization with regard to the status of clinical remission. 

To increase data analysis resolution, we performed a repeated measurement analysis of variance 

to test if a group-wise difference for the condition response (correct x incorrect) could be 

observed. We hypothesized that the experimental proof for the cognitive differenciation between 

correct and incorrect responses should be detectable at least at the electrodes that most 

profoundly would detect ACC activity (fronto- and mediocentral electrodes). Firstly, all 

electrodes (n= 11) were included in the ANOVA to find a general group-difference in the 

response condition (correct vs. incorrect). The result showed a strong significant difference in the 

signals between correct and incorrect responses (Fig. 32). This data demonstrate that the 

distinction between correct and incorrect responses triggered a much stronger cognitive reaction 

related to error detection that resulted in the ERN. Therefore the ERPs show that the participants 

were able to distinguish between the given responses and that errors were immediately detected. 

A following ANOVA including the conditions response (correct vs. incorrect) and group 

(remitted depressed vs. controls) was performed to test whether the difference in these cognitive 

processes was significantly different between the two groups. The result showed that the 

condition group covered the prior significance, therefore the difference between correct and 

incorrect responses between the two groups were not statistically significant for the whole 

electrode comparison. To elicit focal differences, a following ANOVA with the conditions 

response x electrode site was performed. The results illustrated in figure 32 show that the 

difference between correct and incorrect responses was highest at the electrode sites mostly 

announced in association with the ACC (Gehring, 1993; Falkenstein, 1995), namely at Fz (p= 

0,001), FCz (p= 2,2E-5), and Cz (p= 1,24E-4). Although the response differences at the other 
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electrodes were weaker, the statistical comparison also revealed significant differences for the 

response condition for most of the electrodes. To test whether the response differences 

additionally are different between the two groups, a following ANOVA was performed including 

the conditions response x group at single electrode sites. The results showed that the response 

differences between the two groups were similar and no statistically significant difference was 

detectable at any electrode. Finally, one ANOVA was performed including only the three 

frontocentral electrodes Fz, FCz and Cz where the ERN occured most profoundly. The electrodes 

were grouped and the ANOVA was performed with the conditions response x group. The 

ANOVA again did not reveal a significant difference.  

As a conclusion we can summarize that the comparison of the response-related ERN components 

between remitted depressed and healthy controls did not show any significant difference and 

therefore a normalization of the ERN in remitted depression was found. Therefore the study 

results support the idea and provide preliminary evidence that the ERN could be used as a state 

marker of depression. Although a total inconspisciuousness of the ERN was found, these results 

should be confirmed by following studies. With regard to this issue the main limitation of this 

EEG study was that no data for the ERN in acute depression was available from the recruited 

patients. Following studies should further test the idea that the ERN can be used as a state marker 

of depression by monitoring the clinical course also electrophysiologically at different clinical 

states. It is interesting to perform this experiment first at the beginning of antidepressant therapy 

and clinical in-patient stay, followed by measurements prior to clinical release and again after six 

months during clinical remission. 

In the following one aspect often discussed in literature will be highlightened. Studies have 

consistently found that the ERN is larger when subjects make fewer errors (Amodio et al., 2007; 

Gehring et al., 1993; Hajcak et al., 2003b). Infrequent errors might make error commission 

especially significant, thus altering the amplitude of error signaling. Differences in subjects 

performance may thus pose a confound when comparing ERP across groups with different error 

rates and reaction times (Hajcak et al., 2004; Yeung, 2004). That is, if the group of depressed has 

larger ERNs but commit fewer errors than the control group, it is possible that the group-
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differences in behaviour might account for variation of the ERN. This effect can be neglected 

because the behavioural data did not show significant differences in error rates.  

In summary, our data provide first supporting indications that the status of remission can be 

linked to a normalization of the Error-related negativity and its underlying neurocognitive 

processes. 

  

 

4.4.3.1   Future outlook 

In older adults (ranging between ages 54 – 85) studies have consistently found decreased ERN 

amplitudes when compared to young adults (ranging between ages 18–28; Band and Kok, 2000; 

Falkenstein et al., 2001; Mathalon et al., 2003; Mathewson et al., 2005; Nieuwenhuis et al., 2002; 

Themanson et al., 2006). It is important to note though, that some of these findings may be 

confounded by behavioral differences, such as decreased accuracy in older adult groups (Band 

and Kok, 2000; Mathewson et al., 2005; Nieuwenhuis et al., 2002). Due to these findings the 

ERN experiment should be extended to a group of younger depressed. It is favourable to test 

whether the ERN in younger patients shows significant differences in comparison to the 

relatively elder remitted depressed in this study. We hypothesize to find such an ERN alteration 

because analoguesly the ERN in healthy elderly is also decreased in comparison to young healthy 

subjects (Falkenstein et al., 2001; Mathalon et al., 2003, Nieuwenhuis et al., 2002; Themanson et 

al., 2006). Therefore we recommend to perform the experiment used in this study to test whether 

the finding that the ERN decreases with age in healthy subjects is also relevant for the ERN 

differences between young and elderly (remitted) depressed. 

The Eriksen Flanker task is a powerful tool to investigate neurocognitive alterations not only 

restricted to depression. We suggest to extend the question of an altered error-monitoring 

processing to other psychiatric diseases including OCD (obsessive-compulsive disorders) or 

PTSD (post traumatic stress disorder) patients, because both diseases are comorbiditely related to 

depression (Rasmussen et al., 1992; Karno et al., 1988; Yehuda et al., 2001; Momartin et al., 

2004). Additionally, the hypersensitivity towards erroneous actions is also one common aspect in 

the symptomatology of these diseases (Hajcak et al., 2003; Moore, 2009). 
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In summary, our findings support the idea that the clinical remission in our study participants was 

represented electrophysiologically by the EEG data. The last issue is related to the exclusive 

recruitment of women for this study. Whether our findings can be extended to male subjects 

should be tested in a following study to investigate possible gender difference in error-monitoring 

and its alterations associated with depression. 

 

 

4.4.3.2   The possible role of S100B on error-monitoring processes in remitted depression 

Zhang and collegues demonstrated that S100B serum levels in remitted depressed influence 

cognitive processes related to memory functions (Zhang et al., 2009). They reported that patients 

with moderately increased S100B serum levels (n= 6) showed a normal old/new-effect in contrast 

to a reduced old/new effect in patients with normal S100B levels (n= 6) compared to aged-

matched controls. They concluded that these findings provide evidence of an association between 

S100B levels and memory processes in patients with recurrent depression. Further they suggested 

a neuroprotective role of moderately increased S100B serum levels in the course of affective 

disorders. This study followed their concept of an S100B influence on cognitive processes and 

tested whether S100B might influence behavioural data, depressive symptom severity and error 

monitoring processes. We estimated the S100B median in remitted depressed EEG participants 

and subcategorized the subjects into relatively high- and low-level S100B carriers. We initially 

performed a statistical comparison of the response times between the two groups. The result did 

not show any significant difference for any of the analyzed conditions. Additionally, a linear 

regression was performed to test whether S100B values and the response times show a significant 

correlation. These analyses were related to the idea that S100B, with regard to the findings that it 

is increased in acute depression and the disease is associated with cognitive slowing, might show 

a significant correlation in the acute status but a normalization in clinical remission. The results, 

graphically represented in Fig. 35, preliminarily support the idea that this hypothesis is correct for 

the remitted status of the disease. With regard to the reaction times, the correlation analyses with 

S100B and the response times were performed  for (i) total reponses, (ii) correct and (iii) 

incorrect responses. To summarize the findings, the subcategorization of remitted depressed into 
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high- and low S100B carriers did not reveal any association between the reaction times and 

S100B serum levels. This issue should be tested in following studies for acute depressed to 

further support the hypothesis of an association between S100B levels and reaction times. 

The same analyses were performed to test a possible influence of different S100B levels on the 

ERN intensity. A first statistical comparison of the ERN for incorrect responses was performed to 

investigate a possible difference based on different S100B serum levels. The results showed no 

significant differences and therefore an association between the S100B serum levels and the ERN 

was neglectable. We further tested whether the S100B values might show a correlation with the 

ERN values for incorrect responses. We performed the analysis with data from the three electrode 

sites Fc, FCz and Cz where the ERN was found strongest. The results showed that the correlation 

analysis revealed no significant effect for the remitted depressed group and therefore there was 

no direct association between the two factors. This again demonstrated a total normalization 

between healthy subjects and depressed patients in clinical remission that supported our idea of a 

recovery from the alterations in acute depression. The main limitation of this study is again that 

data for these parameters during acute depression were not available. It is recommened to 

perform the same study with the extend to investigate the course of depression beginning from 

the acute status until clinical remission. 
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Alexander Karabatsiakis 

Title: Accelerated immunosenescence, the glial S100B protein and error-monitoring in 

remitted depression: A study to identify new candidates for state markers of depression. 

 

5.1 Summary 

5.1.1 Accelerated immunosenescence in depression 

This study was performed to test whether accelerated immunosenescence can be demonstrated in 

selected cells of the primary immune response of depressed patients, namely CD4+, CD8+ and 

CD20+ lymphocytes, by quantitative in situ hybridization. The results showed significant 

telomere shortening in remitted depressed in comparison to age-matched healthy subjects in all 

three lymphocyte populations. Additionally, telomere erosion was found stronger in remitted 

depressed with more than one past depressive episode in comparison to healthy controls than for 

depressed with a single past depressive episode, but the reliability of this preliminary finding 

needs to be further elaborated.  

 

5.1.2 The ERN in remitted depression: a possible electrophysiological state marker of  

depression 

The Error-related negativity is an event-related potential that is significantly altered in acute 

depression. In this study it was tested whether this EEG component could be used as a state 

marker of depression, because no data about the ERN characteristics in remitted depression were 

available. The hypothesis of this study suggests that the ERN shows a normalization and 

therefore a recovery in comparison to an age-matched control group and that this recovery would 

electrophysiologically represent the status of clinical remission. The statistical examination and 

the group-wise comparison of the electrophysiological data did not show any significant 

abnormalities and therefore provide first preliminary evidence for this hypothesis. The results of 

this study support the idea that the ERN might be an electrophysiological state marker of 

depression. To strengthen this preliminary finding, further studies should investigate the role of 

the ERN as a state marker of depression. 
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5.1.3 The glial S100B protein in remitted depression 

The neuroprotective protein S100B shows significantly altered serum levels in acute depression. 

It has been suggested that relatively high S100B serum levels might correspond to neuronal 

growth and synaptogenesis during synaptic remodeling in depressive patients. Relatively little 

data is available about the S100B serum levels in remitted depression. In this part of the study 

S100B in serum was estimated and the values were compared between remitted depressed and 

age-matched healthy controls. The results showed a total normalization of the S100B serum 

levels in remitted depressed. This finding is in line with the hypothesis of the study that the 

normalization of S100B reflects recovery from the disease and therefore S100B levels might be a 

serological state marker of depression. The reliability of this initial finding will be further tested 

in following studies. Previous studies of our group have shown that S100B also influences 

memory performance as revealed by electrophysiological investigation using a word-recognition 

paradigm. Remitted depressed patients with moderately increased S100B serum levels show a 

normal “old/new-effect” in contrast to a reduced “old/new-effect” in patients with normal S100B 

levels compared to aged-matched controls. Conceptually related to this previous finding, the 

experimental results of the present study did not point towards an influence of S100B on error-

monitoring processes and their electrophysiological correlate, the ERN, and therefore this 

processing might not be influenced by S100B at least in remitted depression. The results of this 

study point to the view that error-monitoring shows a more profound recovery in remitted 

depression in contrast to memory processes. The S100B serum differences did neither show an 

influence on the ERN for incorrect responses nor the difference between correct/incorrect 

responses. Therefore it can be concluded that the findings of an association between S100B 

levels and memory cannot be extended to error-monitoring processes. In summary, this study 

provides first data that clinical remission is represented by both a normalization of the ERN and 

S100B in serum. Both factors could represent biological state markers of depression. This idea 

will be further investigated in following studies. 
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Alexander Karabatsiakis 

Titel: Beschleunigte Immunoseneszenz, das gliale S100B Protein und Fehler-Monitoring in 

der remittierten Depression: Eine Studie zur Identifikation neuer Kandidaten für 

Statusmarker der Depression. 

 

5.2 Zusammenfassung: 

5.2.1 Beschleunigte Immunoseneszenz in der Depression 

Diese Studie wurde durchgeführt um zu testen, ob eine beschleunigte Immunoseneszenz in 

ausgewählten Zellen der primären Immunantwort, namentlich CD4+, CD8+ und CD20+ 

Lymphocyten, mittels quantitativer in situ Hybridisierung gezeigt werden kann. Die Ergebnisse 

zeigten eine signifikante Verkürzung der Telomere in allen drei untersuchen Lymphozyten-

Populationen von remittiert Depressiven im Vergleich zu altersgleichen, gesunden Kontrollen. 

Zusätzlich zeigte sich, dass die Telomererosion im Vergleich zu gesunden Kontrollen bei 

remittiert Depressiven mit mehr als einer zurückliegenden depressiven Episode stärker war als 

für remittiert Depressive mit nur einer Episode. Die Reliabilität dieses ersten Ergebnisses muss 

durch Folgestudien weiter bekräftigt werden.  

 

 

5.2.2 Die ERN in der remittierten Depression: ein möglicher elektrophysiologischer 

Statusmarker der Depression 

Die “Error-related negativity” ist ein Ereignis-korreliertes Potential, welches in der akuten 

Depression signifikant verändert ist. In dieser Studie wurde untersucht, ob diese Komponente als 

Statusmarker der Depression genutzt werden kann, da bislang keine Daten zur ERN-

Charakteristik in der Remission verfügbar sind. Die Hypothese dieser Studie ging davon aus, 

dass die ERN in der klinischen Remission eine Normalisierung im Vergleich zu einem 

altersgleichen Kontrollkollektiv zeigt, die demnach den Status der klinischen Remission 

repräsentieren würde. Die statistische Auswertung und der gruppenweise Vergleich der 

elektrophysiologischen Daten zeigte keine signifikanten Veränderungen und liefert daher erste 

Hinweise für diese Hypothese. Die Ergebnisse dieser Studie unterstützen demnach die Annahme, 
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dass die ERN ein elektrophysiologischer Statusmarker der Depression ist. Um diese vorläufigen 

Ergebnisse zu bekräftigen, werden nachfolgende Studien die Rolle der ERN als Statusmarker der 

Depression weiterführend untersuchen. 

 

 

5.2.3 Das gliale Protein S100B in der remittierten Depression 

Das neuroprotektive Protein S100B zeigt in der akuten Depression signifikant erhöhe Werte in 

Serum. Es ist postuliert worden, dass ein relativ erhöhter S100B-Spiegel bei depressiven 

Patienten neuronalem Wachstum und Synaptogenese-Prozessen während synaptischer 

Remodellierungsereignisse entspricht. Die Veränderungen des S100B-Spiegels in der klinischen 

Remission sind relativ unbekannt. In diesem Studienabschnitt wurde der Serumspiegel von 

S100B bestimmt und die Werte zwischen remittiert Depressiven und altergleichen, gesunden 

Kontrollen verglichen. Die Ergebnisse zeigten für eine Normalisierung von seralem S100B bei 

remittiert Depressiven. Dieses Ergebnis stimmt mit der Hypothese der Studie überein, dass eine 

Normalisierung von S100B eine Genesung reflektiert und daher S100B ein serologischer 

Statusmarker der Depressions sein könnte. Die Reliabilität dieses initialen Ergebnisses wird in 

Folgestudien weiterführend untersucht werden. Vorläuferstudien unserer Gruppe haben zudem 

gezeigt, dass S100B auch Gedächtnisleistungen beinflusst, wie es in elektrophysiologische 

Studien unter Verwendung eines Wortwiedererkennungs-Paradigmas gezeigt werden konnte. 

Remittiert depressive Patienten mit moderat erhöhten S100B Serumwerten zeigten einen im 

Vergleich zu gesunden Kontrollen normalen “Alt/Neu-Effekt” im Gegensatz zu einem nur 

reduzierten “Alt/Neu-Effekt” bei remittiert Depressiven mit normalem S100B-Spiegel in Serum. 

In dieser konzeptionell an der Vorläuferstudie orientierten Studie konnte kein Einfluß von S100B 

auf Fehlerwahrnehmungsprozesse und deren elektrophysiologisches Korrelat, die ERN, gezeigt 

werden. Demnach sind Fehlerwahrnehmungsprozesse bei remittiert Depressiven nicht mit dem 

S100B-Spiegel in Serum assoziiert. Die Ergebnisse dieser Studie weisen darauf hin, dass die 

Fehlerwahrnehmung eine verstärkte Genesung in der remittierten Depression zeigt im Vergleich 

zu den Ergebnissen zu Gedächtnisfunktionen. Die Differenzierung anhand des S100B-

Serumspiegels zeigte weder einen Einfluß auf die ERN für falsche Antworten noch für die 
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Differenz von korrekten zu falschen Antworten. Hieraus kann somit geschlossen werden, dass die 

für die Gedächtnisfunktionen gezeigte Assoziation des S100B-Spiegels auf 

Fehlerwahrnehmungsprozesse nicht erweitert werden kann.  

Zusammenfassend weisen die Daten diese Studie darauf hin, dass die klinische Remission 

sowohl durch eine Normalisierung der ERN als auch des S100B-Serumspiegels repräsentiert ist. 

Beide Faktoren könnten demnach biologische Statusmarker der Depression darstellen. Dieser 

Befund wird in Folgestudien weiterführend untersucht werden.  
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7. Abbrevations 
 
5-HT  Serotonin 
 
5-HTTLPR Serotonin transporter (5-HTT)-linked polymorphic region 
 
ACC  Anterior cingulate cortex 
 
ACTH  Adrenocorticotropin hormone 
 
ATP  Adenosine triphosphate 
 
BSA  Bovine serum albumin 

 
BDI  Beck’s depression inventory 

 
BDNF  Brain-derived neurotrophic factor 
 
Bf-S  Befindlichkeits-Skala; german mood rating scale 

 
BSI  Clinical test for generalized mood and well-being; short form of the SCL-90R 
 
B&W  Black and white 
 
C  Group of healthy control subjects 
 
CBF  Cerebral blood flow 
 
CI  Confidence interval (95 % significance level) 
 
CRAMP Cathelicidin-related antimicrobial protein 
 
CREB  cAMP response element binding-protein 
 
CRH  Corticotropin-releasing hormone 
 
DA  Dopamine 
 
DAPI  4′,6-Diamidin-2-phenylindol 
 
ddH2O  Double-destilled H2O 
 
DHEA  Dehydroepiandrosterone 
 
DMSO  Dimethyl sulfoxide 
 
DNA  Desoxyribonucleic acid 
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DSM  Diagnostic and Statistical Manual of Mental Disorders 
 
DTI  Diffusion tensor imaging 
 
ECT  Electroconvulsive therapy 
 
EDTA  Ethylenediaminetetraacetic acid  
 
EEG  Electroencephalography 
 
EOG  Electrooculography 
 
ERN  Error-related negativity 
 
ERP  Event-related potential 
 
FCS   Foetal calf serum 
 
Fe  Element iron (lat. ferrum) 
 
FISH   Fluorescence in situ hybridization 
 
GABA  Gamma- aminobutyrate 
 
GBD  Global burden of disease 
 
GC  Germinal center 
 
HCl   Hydrochloric acid 

 
HH  High-level 
 
HPA  Hypothalamic-pituitary-adrenocortical (axis) 
 
IDO  Indolamine-2,3-dioxygenase 
 
IFN-gamme Interferon-gamma 
 
IL  Interleucin 
 
K  Element potassium (lat. kalium) 
 
LL  Low-level 
 
LMWS  Low molecular weight suppressor 
 
MAO-A Monoaminooxydase type A 
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MD  Mean difference 
 
µg  Micrograms 
 
Mg  Element magnesium 
 
Min  Minutes 
 
ml  Milliliters 
 
mRNA  Messenger RNA 
 
ms  Milliseconds 
 
MWT-B            Clinical test for the assessment of (premorbid) intelligence; Mehrfach-Wahl  
                          Wortschatz Intelligenz Test 
 
µV  Microvolt 
 
NE  Norepinephrine 
 
PBE  Phosphate-buffered saline with EDTA 
 
(DL-) PFC (Dorsolateral) prefrontal cortex 
 
PGE-2  Prostaglandine E2 
 
pH  Potentia hydrogenium 
 
PBA  MACS buffer containing phosphate buffered saline (PBS) and 2 % BSA 
 
PET  Positron emission tomography 

 
PNA   Peptid nucleic acid 
 
RC  Regression coefficient 

 
RD  Group of remitted depressed subjects 
 
RNA  Ribonucleic acid 
 
RT  Room temperature/ reaction time 
 
SC  Subgenual cingulum  

 
SD  Standard deviation 
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SE  Standard error of mean 
 
SLE  Stressful life events 
 
SNRI  Selective norepinephrin-reuptake inhibitors 
 
SSRI  Selective serotonin-reuptake inhibitors 
 
TCA  Tricyclic antidepressant 
 
TeCA  Tetracyclic antidepressant 
 
TERC   Telomerase RNA component 
 
TERT   Telomerase reverse transcriptase 

 
TFI  Telomere fluorescence intensity 
 
VBM  Voxel-based morphometry 

 
VNTR  Variable number of tandem repeats 
 
WHO  World Health Organization 
 
Zn  Element zink 
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9. Appendix 
 
9.1 Conversion tables 
 
9.1.1 MWT-B  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
9.1.2 BDI (Beck’s depression inventory)  
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9.2 Concurrent (antidepressant) medication  
 
Medication intake of (A) study participants included in the study part of telomere 
measurement and (B) EEG participants. 
SSRI= selective serotonin-reuptake inhibitor; GABA= gamma-aminobutyric acid; SNRI= 
serotonin–norepinephrine reuptake inhibitor; TCA= tricyclic antidepressant; 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(A) 

(B) 
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9.3 ICD-10 classification of affective disorders 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

F30 Manic episode 
F30.0 Hypomania 
F30.1 Mania without psychotic symptoms 
F30.2 Mania with psychotic symptoms 
F30.8 Other manic episodes 
F30.9 Manic episode, unspecified 
F31 Bipolar affective disorder 
F31.0 Bipolar affective disorder, current episode hypomanic 
F31.1 Bipolar affective disorder, current episode manic without psychotic symptoms 
F31.2 Bipolar affective disorder, current episode manic with psychotic symptoms 
F31.3Bipolar affective disorder, current episode mild or moderate depression 

.30 Without somatic syndrome 

.31 With somatic syndrome 
F31.4 Bipolar affective disorder, current episode severe depression without psychotic symptoms 
F31.5 Bipolar affective disorder, current episode severe depression with psychotic symptoms 
F31.6 Bipolar affective disorder, current episode mixed 
F31.7 Bipolar affective disorder, currently in remission 
F31.8 Other bipolar affective disorders 
F31.9 Bipolar affective disorder, unspecified 
F32 Depressive episode 
F32.0 Mild depressive episode 

.00 Without somatic syndrome 

.01 With somatic syndrome 
F32.1 Moderate depressive episode 

.10 Without somatic syndrome 

.11 With somatic syndrome 
F32.2 Severe depressive episode without psychotic symptoms 
F32.3 Severe depressive episode with psychotic symptoms 
F32.8 Other depressive episodes 
F32.9 Depressive episode, unspecified 
F33 Recurrent depressive disorder 
F33.0 Recurrent depressive disorder, current episode mild 
.00 Without somatic syndrome 
.01 With somatic syndrome 
F33.1 Recurrent depressive disorder, current episode moderate 

.10 Without somatic syndrome 

.11 With somatic syndrome 
F33.2 Recurrent depressive disorder, current episode severe without psychotic symptoms 
F33.3 Recurrent depressive disorder, current episode severe with psychotic symptoms 
F33.4 Recurrent depressive disorder, currently in remission 
F33.8 Other recurrent depressive disorders 
F33.9 Recurrent depressive disorder, unspecified 
F34 Persistent mood [affective] disorders 
F34.0 Cyclothymia 
F34.1 Dysthymia 
F34.8 Other persistent mood [affective] disorders 
F34.9 Persistent mood [affective] disorder, unspecified 
F38 Other mood [affective] disorders 
F38.0 Other single mood [affective] disorders 

.00 Mixed affective episode 
F38.1 Other recurrent mood [affective] disorders 
.10 Recurrent brief depressive disorder 
F38.8 Other specified mood [affective] disorders 
F39 Unspecified mood [affective] disorder 
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9.4 Data tables: statistical comparison of the ERN for correct and incorrect responses 
(A) Descriptive statistics including mean area (µV*ms) and standard deviation. (B) T test comparison of 
the ERN areas for correct and incorrect responses. Mean values and SD are related to the ERP area. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(A) 
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