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CHAPTER
SEVEN

Summarizing Discussion 
and Future Perspectives
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Chapter 7

Neurodegenerative diseases such as Alzheimer’s disease (AD) and Parkinson’s 
disease (PD) are reaching epidemic proportions as human life-expectancy is steadily 
increasing. To cope with the progressive pressure that AD and PD are putting on our 
societies, we need strategies that delay or prevent their onset. The development of such 
strategies requires a thorough understanding of the different factors that drive AD and 
PD pathology. Ageing is characterized by a range of molecular phenotypes including 
increased cellular damage and dysfunctional damage response mechanisms and is 
considered the primary risk factor for the most common types of AD and PD. However, 
it is largely unclear which age-associated phenotypes drive progression of AD and PD.

The kynurenine (Kyn) pathway, the major metabolic pathway of the amino acid 
tryptophan (Trp), is deeply involved in damage response mechanisms and produces 
metabolites - kynurenines - that can both harm and protect brain cells. Kynurenines 
increase in human blood during ageing and blocking the Kyn pathway extends lifespan 
and protects from neurodegeneration in worms and mice. As Kyn pathway activity in 
the brain largely depends on availability of Trp and Kyn in the blood, dysfunctional 
control of blood concentrations during ageing could contribute to neurodegeneration. 
The analysis of kynurenines in blood could thus possibly be employed to predict age-
dependent vulnerability to AD and PD or track disease progression. In addition, the Kyn 
pathway could be targeted to prevent or delay the onset of these diseases. 

This thesis aimed to broaden the understanding of how Kyn pathway activity in the blood 
is controlled and to further establish the diagnostic and therapeutic potential of the Kyn 
pathway in ageing and neurodegeneration. In this chapter, we discuss the results of this 
thesis while reflecting on potential future research directions.  

How do glucocorticoids regulate kynurenine pathway 
activity in the blood? 

The liver is an important regulator of systemic Trp levels. Situated right behind the 
gastrointestinal tract, the liver rapidly degrades most of the Trp that enters the portal 
vein after food intake (Bender 1983). This function is supported by hepatocytes that 
constitutively express the enzyme tryptophan 2,3-dioxygenase (TDO) that drives the 
conversion of Trp to Kyn which then quickly fluxes through the downstream pathway 
to produce metabolites involved in energy homeostasis including acetyl-CoA and 
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nicotinamide adenine dinucleotide (NAD+). Genetic or pharmacological inhibition of 
hepatic TDO causes a large increase in system and brain Trp concentrations, highlighting 
the important role of TDO as Trp regulator (Kanai et al. 2009; Salter et al. 1995). The 
activity of TDO in the liver is under hormonal control (Badawy 2017). Glucocorticoids 
such as cortisol, which is released during periods of stress (including starvation, 
hypoxia and immune activation), induce hepatic TDO transcription through binding of 
glucocorticoid responsive elements on the promotor region of TDO (Nakamura et al. 
1987; Danesch et al. 1987; Danesch et al. 1983), resulting in the enzymatic conversion of 
Trp to Kyn (Feigelson and Greengard 1963; Schimke et al. 1964; Altman and Greengard 
1966) (Figure 1A). 

These concepts are largely based on experiments using supraphysiological doses of non-
endogenous glucocorticoids, yet evidence on the relationship between physiological 
glucocorticoid functioning and Trp metabolism is lacking. In Chapter 3 and Chapter 4 
we described two studies that investigated this relationship making use of observational 
and experimentally controlled human cohorts. In sharp contrast with previous findings, 
our models in Chapter 3 indicated that increased basal cortisol levels were associated 
with reduced metabolism of Trp. These analyses were conducted in a cohort consisting 
of over 2000 individuals and included healthy controls and people suffering from a 
major depressive disorder. We showed that the inverse relationship between cortisol 
and Trp metabolism was limited to patients suffering from chronic types of depression 
(on average these people suffered from over eight depressive episodes during their 
lifetime). To extend our findings, we then investigated the effect of glucocorticoids on 
Trp metabolism within the setting of a randomized controlled trial. This cross-over study 
- described in Chapter 4 - was conducted in patients with adrenal insufficiency, who 
produce inadequate amounts of glucocorticoids and require lifelong glucocorticoid 
substitution therapy with hydrocortisone. This study investigated the effect of a lower 
or higher dose of hydrocortisone during a 10-week period on mental and physical 
wellbeing of these individuals. In accordance with our previous findings, we found that 
a higher dose hydrocortisone caused reduced metabolism of Trp measured in the blood. 
Importantly, our models showed that Trp metabolism was involved in the effects of 
hydrocortisone on quality of life. 
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The results of these two studies are in striking contrast with previous work but should be 
considered in light of important methodological differences. Most relevant in this regard 
is the fact that previous studies (both in vitro and in vivo) used a single high dose of 
very potent glucocorticoids (Maes et al. 1990; Morgan and Badawy 1989). Physiological 
glucocorticoid functioning is regulated as part of a multi-organ and complex feedback 
system that controls metabolic and immune homeostasis. Release of glucocorticoids 
is finetuned in response to the amount of stress and shows a typical circadian rhythm. 
We speculate that experimental settings as described above poorly reflect physiological 
glucocorticoid functioning. 

Kyn pathway dysregulation as a phenotype of glucocorticoid 
resistance? 
Although both studies described Chapter 3 and Chapter 4 investigated glucocorticoid 
functioning in a different way, both seem to indicate a relation between increased (but 
physiological) glucocorticoid output and reduced Trp metabolism. Without suggesting 
causal inference, these results allow for speculations on mechanisms that could underlie 
this notion. 

One of these mechanisms could include resistance (or reduced sensitivity) of TDO to 
glucocorticoid induction in situations of long-term increased glucocorticoid exposure. 
Glucocorticoids exert their effects by binding the glucocorticoid receptor (GR), which 
then translocates to the nucleus to positively or negatively regulate the expression 
of target genes through binding of glucocorticoid responsive elements, transcription 
factors and coactivators (Sacta et al. 2015). Glucocorticoid resistance can occur after 
long-term exposure to glucocorticoids and is characterized by (mal)adaptive changes 
in GR functioning including decreased translocation of the GR to the nucleus, reduced 
transcription of the GR and posttranslational modifications of the GR (Kadmiel and 
Cidlowski 2013). This leads to altered patterns of gene expression in otherwise 
glucocorticoid-responsive cells. Although glucocorticoid resistance has been well-
characterized in immune cells, reduced sensitivity to glucocorticoids also modulates 
the metabolic functioning of other cell-types including hepatocytes (Whirledge and 
DeFranco 2018). In this context, we speculate that reduced hepatic Trp metabolism could 
be one of the phenotypes of glucocorticoid resistance occurring in situations of long-
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term dysregulated glucocorticoid signalling which could occur in chronically depressed 
individuals or after prolonged treatment with higher dosage HC (Figure 1B). 

In a similar fashion, glucocorticoid resistance could be associated with reduced Trp 
metabolism by downregulation of IDO activity. As we discussed in Chapter 3, the 
activation of indoleamine 2,3-dioxygenase (IDO) by immune and non-immune cells is 
crucial for inflammatory control. Transcriptional regulation of IDO is cell- and context-
specific and involves the (combined) action of inflammatory mediators such as interferon-

Figure 1. Hypothetical model of glucocorticoid-related kynurenine pathway activity

Figure showing a hypothetical model on the regulation of the Kyn pathway by glucocorticoids. 
A. Depicting a balanced response to acute stress that includes activation of the Kyn pathway to 
allow for the metabolic and immune control of the stressor. B. Chronic stress, for example during 
chronic types of depression, or long-term higher doses of glucocorticoid therapies could lead to 
dysregulation or adaption of the stress response characterized (amongst others) by inhibition of 
the Kyn pathway. Mechanisms could include resistance of Trp metabolizing enzymes to action of 
glucocorticoids or inhibition of inflammatory cytokines that normally induce IDO. Abbreviations: 
IDO, indoleamine 2,3-dioxygenase; Kyn, Kynurenine.
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gamma (IFN-y) on central ‘immunological’ signalling pathways including NF-κB and JAK/
STAT (Mbongue et al. 2015). Glucocorticoids have strong anti-inflammatory effects by 
acting both up- and downstream of these signalling pathways (Quax et al. 2013) and 
acute administration of glucocorticoids induces IDO expression and activity (Manches 
et al. 2012; Brooks et al. 2016). Although the activity of IDO has not been studied in 
the context of glucocorticoid resistance, we hypothesize that diminished glucocorticoid 
sensitivity during chronic stress could be associated with reduced IDO-dependent Trp 
metabolism (Figure 1B). 

Taken together, our results point towards an unexpected link between endogenous 
glucocorticoid functioning and Trp metabolism. These results could guide more 
mechanistic studies to unravel the interaction between glucocorticoids and TDO- 
and IDO-dependent Trp metabolism in the context of chronic stress or glucocorticoid 
therapy.

What is the relevance of the kynurenine pathway in 
ageing and neurodegeneration? 

Many studies (and theories) have linked the Kyn pathway to ageing and neurodegeneration. 
One of these theories is that dysregulation of systemic Kyn pathway activity could alter 
the action kynurenines in the brain. Ageing could cause this dysregulation and thereby 
contribute to neurodegeneration. In Chapter 5 and Chapter 6, we focused on further 
establishing the diagnostic and therapeutic potential of the Kyn pathway in ageing and 
neurodegeneration.  

In Chapter 5 we described an analysis of Trp and Kyn metabolites in blood and 
cerebrospinal fluid (CSF) of persons suffering from AD and PD and age-matched 
(cognitively) healthy controls. We showed that Kyn pathway activation is a general 
phenotype of ageing that is not altered in neurodegeneration. Specifically, we found that 
ageing is associated with the accumulation of Kyn and the neurotoxic Kyn metabolite 
quinolinic acid (QA) in blood and CSF. We then showed that both in AD and PD patients 
levels of the neuroprotective Kyn metabolite kynurenic acid (KA) are strongly reduced 
compared to control. By measuring levels of other amino acids that compete with Trp 
and Kyn for brain transport, we were able to show that this type of transport probably 
did not contributed to reduced production of KA in the AD and PD brain. 
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In Chapter 6 we aimed to further substantiate these fi ndings and to assess whether Kyn 
pathway inhibition could be of therapeutic value in neurodegeneration. To do so, we 
made use of the APP23 mouse model of AD. First, we established temporal changes in 
Kyn profi les in the blood and the brain of these mice and their wildtype littermates. In 
accordance with our study in human subjects, age-related patterns of Kyn metabolites in 
the blood and the brain were similar in healthy (wild-type ) mice and APP23 mice. Ageing 
caused accumulation of QA and 3-hydroxyanthranillic acid (3-HAA) in the blood, while it 
affected brain Kyn metabolites in a region-specifi c manner. This effect was most striking 
in the hippocampus where multiple Kyn metabolites, including KA, were altered during 
ageing. Concentrations of many Kyn metabolites in the blood were reduced in APP23 
mice, while there were no changes in the metabolite concentrations in the brain. Next, 
we tested the effect of TDO inhibition on Kyn pathway profi les and cognition in APP23 
mice. We demonstrated that long-term inhibition of TDO ameliorated hippocampal-
based recognition memory in APP23 mice while infl uencing Kyn metabolism in the blood 
but not in the brain. 

Of worms, mice and men: kynurenine pathway activity as a cross-
species marker of ageing
Focusing on the role of the Kyn pathway in ageing, the two studies described in Chapter 
5 and Chapter 6 show interesting differences and similarities. For example, Kyn 
levels did not increase with ageing in the blood of mice whereas increased Kyn levels 
were strongly associated with ageing in blood and CSF within our human cohort, an 

Box 1. Improving health- and lifespan by boosting NAD+ production

Strategies aiming to increase breakdown of QA towards NAD+ might be used to enhance 
cellular functioning during ageing and possibly treat age-related diseases that are 
characterized by hampered NAD+-related cellular function such as neurodegenerative and 
cardiovascular diseases (Katsyuba and Auwerx 2017). These strategies could include inducing 
QPRT expression or blocking the metabolism of other branches of the Kyn pathway that 
shunt Kyn away from NAD+ synthesis. Regarding this latter option, a recent study showed 
that inhibition of ACMSD (alpha-amino-beta-carboxymuconic semialdehyde decarboxylase) 
- an enzyme that facilitates the metabolism of Kyn away from NAD+ synthesis - increased 
lifespan in Caenorhabditis elegans and improved health in mouse models of hepatic and 
renal damage by boosting NAD+ production (Katsyuba et al. 2018). Further preclinical and 
clinical studies should establish the potential of the Kyn pathway as a drug target to boost 
NAD+ synthesis and improve age-related cellular decline. 
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observation that has repeatedly reported in other studies (see Chapter 3) (Rist et al. 
2017; Theofylaktopoulou et al. 2013; Collino et al. 2013; Yu et al. 2012; Capuron et al. 
2011; Niinisalo et al. 2008; Pertovaara et al. 2006; Frick et al. 2004). The most striking 
similarity between mice and humans, was age-related accumulation of QA in the blood 
and increased KA in the brain during ageing. Kyn pathway activation culminating in 
either increased production of Kyn and/or downstream Kyn metabolites might thus 
constitute a cross-species phenotype of ageing. In line with this idea, high relative Kyn 
pathway activity was associated with shortened maximum lifespan across 26 different 
mammalian species (Ma et al. 2015). In addition, inhibition of the Kyn pathway extended 
lifespan in lower animal models (van der Goot et al. 2012; Sutphin et al. 2017; Breda 
et al. 2016), suggesting that activation of this pathway might be a mediator of ageing 
preserved throughout evolution. 

Ageing and the kynurenine pathway: the chicken or the egg?
We are far from understanding the relevance of Kyn pathway activation in ageing. Most 
importantly, it is unclear whether Kyn pathway activation is a cause or consequence 
of the biological processes that underlie ageing. As we hypothesized in Chapter 3, 
activation of the Kyn pathway during ageing could reflect a progressive onset of an 
anti-inflammatory milieu necessary to suppress inflammation caused by accumulation 
of cellular damage. 

Additionally, the Kyn pathway might be connected to ageing through its role in de novo 
synthesis of NAD+. Ageing is associated with reduced levels of NAD+. This reduction is 
thought to be (at least in part) caused by the activation of NAD+-consuming enzymes, 
which are activated by age-related cellular damage (Verdin 2015). Although NAD+ is 
produced through multiple pathways, recent studies have highlighted the importance 
of de novo NAD+ synthesis that depends on the Kyn pathway. For example, hepatocytes 
were found to be strongly dependent on Kyn pathway activity to produce NAD+ (Liu 
et al. 2018). Similar observations were done in macrophages (Minhas et al. 2018). This 
latter study is of particular interest with regard to ageing, as the authors showed that de 
novo synthesis of NAD+ declined during ageing in macrophages. Specifically, ageing was 
associated with reduced expression of QPRT (quinolinate phosphoribosyltransferase) 
- which facilitates the metabolism of QA towards NAD+. Interestingly, the resulting 
accumulation of QA hampered macrophage immune function during ageing. Similarly, 
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QA accumulation due to low QPRT expression was found to limit NAD+-dependent 
protection from ischemic renal damage (Poyan Mehr et al. 2018). These studies suggest 
that Kyn pathway activation might be used to sustain metabolic functioning under 
increasing (age-related) cellular damage by boosting intracellular levels of NAD+. In 
this context, a declining ability to metabolize QA by macrophages or renal cells could 
contribute to the age-related changes in systemic Kyn pathway metabolites that we 
demonstrated. This pathway could potentially also be targeted to improve health- and 
lifespan (Box 1).

Kynurenic acid in neurodegeneration: friend or foe?
Our studies in humans and mice contribute to a growing body of literature that implicates 
the Kyn pathway in neurodegeneration. One of the most interesting findings, was that 
KA concentrations were strongly reduced in the CSF of PD and AD patients. This result is 
in accordance with findings of reduced KA concentrations in post-mortem brain tissue of 
PD patients and CSF of AD and PD patients (Ogawa et al. 1992; Heyes et al. 1992). As KA 
does not cross the blood-brain barrier and as we did not observe differences in estimates 
of cerebral uptake of Kyn from the blood, these data indicate that the production of KA 
in the brains of PD and AD patients might be reduced. 

Bearing in mind the observational nature of our study, we can hypothesize on what 
could be the relevance of hampered cerebral KA production in neurodegeneration. The 
best established function of KA in the brain is inhibition of neuroreceptors including 
the N-methyl-D-aspartate (NMDA) receptor and the homomeric α7-nicotinic receptor 
(α7nAChR) (Hilmas et al. 2001; Rassoulpour et al. 2005). Excessive activation of NMDA 
receptors and consequent glutamate neurotoxicity is a hallmark of PD and AD (Lipton 
2006). Our findings support the frequently postulated theory that a disturbed balance 
between KA and QA - an NMDA receptor agonist - could contribute to glutamate 
neurotoxicity in neurodegenerative diseases (Schwarcz 2016; Schwarcz et al. 2012; 
Maddison and Giorgini 2015). Although it is often suggested that neuroinflammation 
in PD and AD could contribute to increased levels of QA, our results indicate that QA 
accumulation with ageing is in fact a phenotype of normal ageing both in humans and 
in mice. We speculate that age-related QA accumulation in combination with disease-
specific KA depletion could contribute to altered neuroreceptor signalling and possibly 
glutamate neurotoxicity in PD and AD. 
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In addition, disturbances in NMDA and α7nAChR receptor signalling due to fluctuations 
of KA could contribute to a deficit in neurogenesis, which is emerging as key feature 
in PD and AD pathophysiology (Papadimitriou et al. 2018). For example, kynurenines 
aminotransferase (KAT) - enzymes that catalyse KA production - are highly expressed 
in brain regions crucial for adult neurogenesis and trafficking in mice and rats (Song 
et al. 2018; Herédi et al. 2017). Increasing KA production in rats during embryogenesis 
changed hippocampal plasticity and cognitive function in adulthood (Forrest et al. 
2015; Khalil et al. 2014; Pershing et al. 2015). However, a recent study showed that Aβ 
induced the production of KA in neuronal stem cells thereby supressing their plasticity 
(Papadimitriou et al. 2018). The authors demonstrated high KAT protein expression in 
the temporal lobe and hippocampus of AD patients. These data suggest that increased 
production of KA in specific brain regions might in fact contribute to deficits in neuronal 
development. We speculate that our finding of reduced concentrations of KA in CSF 
could be caused by region-specific adaptive changes in KA-producing cells. These data 
also indicate that strategies aiming to boost cerebral KA production - which was already 
shown to alleviate symptoms of neurodegeneration in PD and AD animal models (Zwilling 
et al. 2011; Grégoire et al. 2008) - might have unwanted effects on neuronal stem cell 
function. In addition, they warrant further investigation of the up- and downstream 
pathways that control KA production in the brain and their relevance in different aspects 
of the pathophysiology of chronic neurodegenerative diseases. 

To establish the diagnostic/prognostic potential of the Kyn pathway in blood and/or 
CSF of PD and AD patients, our results should be replicated within prospective and 
preferably longitudinal cohorts. In addition, future studies could address the source of 
Kyn pathway disturbances in CSF of PD and AD patients, for example by making use 
of immunohistochemical analyses of cell- and region-specific Kyn pathway metabolites.

Using mice to study kynurenines in Alzheimer’s disease
Reduced KA concentrations were not reproduced in our study using the APP23 mouse 
model of AD. In fact, we found that none of the analysed Kyn metabolites were altered 
in the brains of APP23 mice compared to wildtype. 

These results contrast with previous studies in AD mouse models that showed diverse 
Kyn pathway disturbances in the brain (Zwilling et al. 2011; Wu et al. 2013; Woodling 
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et al. 2016) and highlight the variability of Kyn pathway disturbances in AD mouse 
models. As an example, a landmark study showed that KA concentrations were reduced 
in the cortex of AD mice (Zwilling et al. 2011). AD-related pathology and behavioural 
deficits were prevented by boosting cerebral KA through inhibition of downstream Kyn 
metabolism. The investigators made use of the J20 mouse model of AD (Mucke et al. 
2000). Different to the APP23 model that we used, J20 mice overexpress APP with two 
mutations. In addition, APP overexpression is driven by the promoter PDGF-β (platelet-
derived growth factor subunit B) instead of Thy1, a promoter that is commonly used in 
AD models (including APP23). This difference might have important consequences for 
Kyn pathway activity in the brain because PDGF-β expression begins around embryonal 
day 15 (out of 21) while Thy1 expression begins around postnatal day seven. 

In line with the concept that embryonic Kyn pathway changes can have lifelong effects 
on Kyn metabolite concentrations in the brain (Pershing et al. 2015), expression of 
transgenes in the developing mouse brain might have lifelong consequences for Kyn 
pathway activity. Although these changes could contribute to neurodegeneration later 
in life, it is questionable how well they reflect Kyn pathway disturbances that arise during 
the course of AD. A thorough examination of Kyn pathway activity in different mouse 
models of AD (including mice at advanced age) could further help to establish which 
mouse model is most suitable to study the Kyn pathway in the context of AD.  

TDO as a drug target in neurodegeneration
Enzymes of the Kyn pathway including IDO and kynurenine-3-monooxygenase (KMO) 
have been successfully targeted to prevent neurodegeneration in mouse models 
of AD (Zwilling et al. 2011; Souza et al. 2016). Similarly, inhibition of TDO prevented 
neurodegeneration in Caenorhabditis elegans and Drosophila melanogaster models 
of AD, PD and Huntington’s disease (HD) (van der Goot et al. 2012; Breda et al. 2016; 
Campesan et al. 2011). As expression of TDO was detected co-localized to tau protein 
and Aβ deposits in post-mortem brain tissue of AD patients (Wu et al. 2013), TDO could 
be a potential drug target to prevent or ameliorate neurodegeneration in humans. We 
showed that TDO inhibition improved hippocampal-dependent recognition memory in 
a mouse model of AD. Although of a preliminary nature, these results suggest that TDO 
might play a role in hippocampal functioning in the course of AD. 
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Although multiple lines of evidence support the notion that TDO inhibition can ameliorate 
neurodegeneration, the mechanisms that underlie this notion remain obscure. In 
Drosophila melanogaster models of HD inhibition of TDO caused neuroprotection 
by increasing the relative production of KA (Campesan et al. 2011; Breda et al. 2016). 
These results are in accordance with studies that indicate that boosting KA levels might 
protect from neurodegeneration in mammals (Zwilling et al. 2011). However, in mice 
KA production is not boosted by - pharmacological (Chapter 6) or genetic (Kanai et al. 
2009) - inhibition of TDO. This not only demonstrates that the production of Kyn pathway 
metabolites is differentially regulated by TDO across species, but also indicates that 
Drosophila melanogaster models are possibly less useful as a pre-clinical model to study 
the role of TDO in neurodegeneration. 

Making use of Caenorhabditis elegans models of AD, PD and HD, our lab previously 
demonstrated that TDO can act as a regulator of protein toxicity through a mechanism 
that did not depend on Kyn pathway metabolites. In these models the protective effect 
of TDO inhibition instead relied on Trp accumulation and was shown to possibly involve 
the synthesis of serotonin (van der Goot et al. 2012). In mammals, genetic knockout of 
TDO in mice and TDO insufficiency in humans caused biochemical changes (increased 
levels of Trp and serotonin) similar to those observed in Caenorhabditis elegans (Kanai 
et al. 2009; Ferreira et al. 2017). This indicates that the role of TDO as a regulator of Trp 
levels has been well-preserved throughout evolution and suggests that Caenorhabditis 
elegans models could be used to further assess the mechanisms underlying the role of 
Trp in protein toxicity in the context of neurodegeneration. Our findings in Caenorhabditis 
elegans suggested that the function of TDO as a regulator of protein toxicity could 
(partially) involve serotonin synthesis (van der Goot et al. 2012). Indeed, more recent 
studies in Caenorhabditis elegans showed that serotonin is involved in pathways that 
regulate mitochondrial functioning during proteotoxic stress in Caenorhabditis elegans 
(Berendzen et al. 2016; Zhang et al. 2018). As serotonergic dysfunction is a common 
feature of neurodegenerative disease (Xu et al. 2012), further exploration of the interplay 
between TDO and serotonin in neurodegeneration in mammals could be of interest. 
These studies could make use of the fact that cerebral serotonin synthesis is strongly 
increased in TDO knockout mice (Kanai et al. 2009).
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Additionally, it will be of importance to better understand the pathways that connect TDO 
to the processes that underlie neurodegeneration. Glucocorticoids and prostaglandins, 
which are released at sites of inflammation to orchestrate immune tolerance, seem to be 
involved in inducing TDO expression in the brain (Dostal et al. 2017; Brooks et al. 2016; 
Ochs et al. 2015). In the case of prostaglandin, transcription and enzymatic activity of 
TDO was found to be induced through a cyclooxygenase 2 (COX-2)-dependent pathway 
(Ochs et al. 2015). Importantly, Aβ induced TDO expression through COX-2-dependent 
release of prostaglandins in primary neurons (Woodling et al. 2016). These data implicate 
that TDO could be involved in damage control machineries that are activated as part of 
a response to neurodegeneration and warrants further investigation of the involved 
signalling molecules.

Finally, the results from our study described in Chapter 6 should be interpreted with 
care because TDO inhibition did not change metabolite concentrations in the brain. Of 
note, constitutive TDO expression within the brain is limited to specific regions including 
a small layer of cells in the hippocampus and the cerebellum (Kanai et al. 2009a). It is 
thus possible that treatment with a TDO inhibitor does not produce quantifiable changes 
of the Kyn pathway. To further address the role of TDO in neurodegeneration, we are 
currently establishing a new transgenic animal model by crossbreeding TDO knockout 
mice with APP23 mice. This model will be used to study the effect of TDO deletion on AD-
related brain pathology and behaviour.  

Conclusion 

This thesis has shed new light on the relation between glucocorticoids and Kyn pathway 
activity and suggests that the interaction between the two could be of relevance in 
mood disorders and disturbances. We have also provided a novel theoretical framework 
that could aid the investigation of the role of Trp metabolism in ageing and our results 
suggest that the analysis of Kyn profiles could be employed to predict or track ageing 
and neurodegeneration. Finally, we have provided further evidence that underlines the 
potential of the Kyn pathway as a therapeutic target in age-related neurodegenerative 
diseases. 
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