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1.1: ThE hPT axIs In PhysIoloGICal CondITIons

  The hypothalamus-pituitary-thyroid axis.

The hypothalamus-pituitary-thyroid (HPT) axis regulates the production of thyroid 
hormones (TH) by the thyroid gland. Thyroid hormones are important for many pro-
cesses in the body, from proper fetal brain development to regulating metabolism and 
basal metabolic rate during adult hood. Consequently, a shortage or overproduction 
of TH can lead to severe health issues. 

The paraventricular nucleus (PVN) of the hypothalamus contains hypophysiotropic 
neurons that secrete thyrotropin releasing hormone (TRH) into capillaries of the me-
dian eminence. TRH then travels via a portal blood system to the anterior pituitary 
where it stimulates the release of thyrotropin or thyroid stimulating hormone (TSH) by 
thyrotropic cells (1). TSH in turn stimulates the thyroid gland to produce and release 
TH into the circulation (2). TH inhibits the release of TRH from the PVN and TSH from 
the pituitary, thus forming a classical negative feedback loop (Fig 1).    
 

  Figure 1: schematic overview of the hPT axis. 

The pituitary is an endocrine gland that is located at the base of the brain. It consists 
of two lobes, the posterior lobe (neurohypofysis), which is directly connected to the 
hypothalamus via axons of the neurosecretory vasopressin and oxytocin neurons, 
and the anterior lobe (adenohypofysis), which is connected to the hypothalamus via 
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a portal blood system originating in the median eminence. In the anterior lobe, TRH 
stimulates the secretion of TSH by binding the TRH receptors on the thyrotrophic 
cells. TSH consists of two subunits; the common alpha subunit, which is shared by 
other adenohypofyseal hormones such as LH and FSH, and the beta subunit which 
is specific for TSH (2).
 
TSH binds to the TSH receptor (TSHR) on follicular thyrocytes in the thyroid gland 
where it stimulates the production and secretion of thyroid hormones. In thyrocytes, 
iodide molecules that are taken up from the blood are oxidized into iodine by the 
peroxidase system. Iodine molecules bind to tyrosine residues in a precursor mol-
ecule called thyroglobulin forming monoiodothyrosin (MIT) and diiodothyrosine (DIT). 
Coupling a MIT and a DIT forms triiodothyronine (T3, the active hormone), while cou-
pling two DIT’s gives thyroxine (T4, the prohormone). Thyroid hormones are secreted 
from the thyroid gland and released in the blood stream. In humans the ratio between 
T3 and T4 secretion by the thyroid is 1:4 while in rodents it is approximately 1:1 (3). T4 
has to be converted into T3 in the tissues in order to have biological activity. This is 
achieved via the removal of an iodine atom by deiodinases.
 
Deiodinases are a group of seleno enzymes that are very important for the activation 
and inactivation of TH. There are three types of deiodinases: type 1 (D1), type 2 (D2) 
and type 3 (D3) (4). Deiodinases remove iodine atoms from either the inner (phenolic) 
or outer (thyrosyl) ring of TH, leading to the formation of TH metabolites (Fig 2).
 
D1 is mainly expressed in the liver, kidney, thyroid and pituitary. D1 is able to deiodi-
nate both the inner and outer ring of TH. The preferred substrates of D1 are rT3, sul-
fated T3 and sulfated T4. This makes D1 the main deiodinase responsible for the clear-
ance of TH during hyperthyroid circumstances (5). D1 is positively regulated by T3.
 
D2 is regarded as the major TH activating enzyme, as it deiodinates the outer ring of 
T4 to produce T3 (6). Besides in brown adipose tissue, pituitary, placenta and skeletal 
muscle, D2 is highly expressed in the brain where it is regarded as the most important 
source of T3 for the central nervous system (7). D2 is negatively regulated by T3 via 
both pre- and post-transcriptional mechanisms (8). In the hypothalamus, D2 is mainly 
expressed in tanycytes, specialized cells in the wall of the third ventricle(9).
 
D3 is the main inactivating enzyme, as it deiodinates the inner ring of T3 and T4 to 
produce rT3 and T2. D3 is highly expressed in the placenta during fetal development, 
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thus protecting the fetus from an overexposure of T3 (10). In the adult stage, D3 is 
expressed in neurons in the brain, the liver and in parts of the innate immune system, 
although physiological levels are very low (11). 
 

  Figure 2: overview of the action of the three deiodinases. Conversion occurs from  

  thyroxine (T4) to tri-iodothyronine (T3) and reverse tri-iodothyronine (rT3), followed  

  by conversion to di-iodothyronine (T2). 

In order to enter the cell, TH has to be transported over the cell membrane. This is 
achieved by TH transporters. The monocarboxylate transporters MCT8 and MCT10 
are expressed throughout the body, including liver and brain(12). MCT8 is the most 
widely studied since it exclusively transports TH whereas MCT10 also transports 
other aromatic amino acids. While MCT8 predominantly transports T4, MCT10 has a 
strong preference for T3 (13). Both transporters take part in both influx and efflux of TH. 
The organic anion transporter OATP1c1 is mainly expressed in the brain, where it is 
thought to be important for TH homeostasis by facilitating T4 uptake by astrocytes (14). 

Intracellularly, T3 binds to thyroid hormone receptors (TR’s). TR’s are encoded by two 
genes, the TRα and the TRβ gene. Both give rise to several isoforms. TR’s bind to 
TH responsive elements that are present in thyroid hormone responsive genes and in 
that way regulate transcription (15). 
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Besides deiodination, there are several other ways in which thyroid hormones can 
be metabolized in peripheral tissues. Many of these processes take place in the liver. 
T3 and T4 can be conjungated to a sulphate group at the phenolic hydroxyl group, 
producing T3S and T4S. T3S has no affinity for the TR, while sulfated TH is prone 
to degradation by D1 (16;17). Sulfation is mediated by sulfotransferases, a family of 
enzymes that sulfate both endogenous and exogenous substances. In humans, sul-
fotransferases that have affinity for TH are Sult1A1, -1A2, - 1A3, -1B1, -1C1 and-1E1 
(18). In the rat, Sult1B1 and Sult1C1 are important for TH metabolism (19;20). In the 
mouse, Sults are less extensively characterized but based on structural similarities, 
Sult1A1, Sult2A1 and Sult1D1 are thought to be important for TH metabolism (21;22) 
(Table 1). 
       
    TH sulfotransferases in different species  
    
    human         Rat      Mouse
    Sult1A1    Sult1B1   Sult1A1**
    Sult1A2    Sult1C1*   Sult2A1**
    Sult1A3    Sult1D1**
    Sult1B1    Sult1B1
    Sult1C1    Sult6B1
    Sult1E1    

  Table 1: sulfotransferases that are known to sulfate thyroid hormones in human, rat  

  and mouse. *only in male rats, ** assumed to be important for Th sulfation in mouse  

  based on homology to human Th sulfotransferases. 

In addition to sulfation, TH can be glucuronidated by UDP-glucuronosyltransferases 
(UGTs) (23). T4, and to a lesser extent T3, are substrates of a variety of UGT iso-
enzymes, of which UGT1A1 and UGT1A7 are the most important in rat liver. 
Glucuronidation facilitates the excretion of TH via the bile and feces (24).  

Sulfotransferases and UDP-glucuronosyltransferases are downstream of the consti-
tutive androstane receptor (CAR), a nuclear receptor that is very important for endo- 
and exo-biotic sensing. 
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1.2 ThE hPT axIs In (PaTho)PhysIoloGICal CondITIons

The HPT axis is affected by a variety of illnesses as well as by fasting/reduced food 
intake. The aim of this adaptation is probably to save energy and counteract exces-
sive catabolism. Both adaptations will be discussed in this paragraph. 

1.2.1: nTIs

Illness results in profound changes in thyroid hormone metabolism called the ‘sick 
euthyroid syndrome’ or ‘nonthyroidal illness syndrome’ (NTIS). NTIS is characterized 
by decreased serum T3 and T4 concentrations, increased serum rT3 concentrations 
and unaltered or inappropriately low serum TSH, indicating profoundly altered nega-
tive feedback in the pituitary and hypothalamus (25). Illness also results in altered 
tissue thyroid hormone metabolism, often independently of serum TH levels (26). The 
ultimate effect of the observed changes in local TH metabolism on tissue function 
is currently unknown. The common view is that changes observed during the acute 
phase of illness are beneficial but might become deleterious during prolonged critical 
illness making the stage and severity of illness a major determinant of NTIS. 

NTIS is often studied in rodents by administering a sublethal dose of bacterial endo-
toxin or lipopolysaccharide (LPS). LPS is a component of gram negative bacteria and 
it elicits a strong inflammatory response that lasts approximately 24 hours (27). LPS 
binds to the toll like receptor 4 (TLR4), a pattern recognition receptor essential for the 
sensing of pathogens, and activation of this receptor leads to activation of a variety of 
intracellular inflammatory pathways (28).

  alterations in the central part of the hPT axis during nTIs.

Besides the unresponsiveness of TSH in the anterior pituitary to the decreased serum 
levels of T3 and T4, TRH secretion from the hypothalamic PVN is also altered during ill-
ness. Analysis of post mortem hypothalamic tissue of NTIS patients showed that TRH 
gene expression in the PVN is decreased, correlating positively with decreased pre-
mortem serum TSH levels (29). Thus, a decreased hypothalamic TRH drive probably 
contributes to persistently decreased serum TSH in patients with longstanding NTIS. 
The importance of decreased TRH and TSH on the development of low serum T3 and 
T4 concentrations is still a matter of debate. However, clinical studies have shown 
that combined treatment with TRH and growth hormone releasing peptide (GHRP) 
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improves the metabolic parameters in prolonged critically ill patients, while restoring 
the decreased TSH, T3 and T4 concentrations to a large extent (30). This suggests 
that reduced hypothalamic TRH contributes to low serum TH in prolonged critically 
ill patients. Moreover, interventions aiming to restore the central HPT axis may be  
favourable in terms of anabolic parameters. Large randomized clinical trials will be 
needed to show if treatment with hypothalamic releasing factors offers an advantage 
in terms of clinical outcome. 

Animal studies have given more insight in the central changes in TH metabolism 
in NTIS as the same decrease in TRH has been observed in a variety of NTIS an-
imal models [acute inflammation (31), chronic inflammation (32) and prolonged ill-
ness (33)]. Studies performed in mice and rats showed that acute illness results in 
increased expression of D2 in tanycytes (27;32;34;35). D2 is the major T3 produc-
ing enzyme and is a major player in local thyroid hormone metabolism in the brain. 
Increased expression should theoretically lead to increased availability of T3 in the 
hypothalamus, subsequently suppressing TRH secretion from neurons in the PVN 
(Fig 3). This is supported by the observation that when T3 signalling on TRH neurons 
is disturbed because of an absence of the TRβ, the LPS-induced TRH decrease is not 
present anymore (36). In addition, global D2 knock out mice do not show a suppres-
sion of TRH upon LPS stimulation (37). 

  Tanycytes.

Although D2 is expressed in astrocytes throughout the brain, expression of D2 in the 
hypothalamus is almost exclusively limited to tanycytes (9). Tanycytes are a special-
ized glial cell type that are located in the wall of the third ventricle, with the cell bodies 
facing the CSF, sending long processes extending into the median eminence and the 
hypothalamus. Hence their name “tanycytes” from the Greek word “tanus”, meaning 
elongated. The ideal position in the blood-CSF-brain barrier and the high expression 
of D2 makes these cells important for the regulation of TH bioavailability in the hypo-
thalamus. Tanycytes also highly express the TH transporters MCT8 and OATP1C1 
facilitating the uptake of T3 and T4 from the blood and CSF. 

The tanycyte population consists of several subtypes, defined by their location, func-
tion and expression of chemicals. The tanycytes lining the upper part of the third 
ventricle are α-tanycytes. α-1 tanycytes extent their processes into the dorsomedial 
and ventromedial nuclei of the hypothalamus, while α-2 tanycytes are located in the 
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vicinity of the arcuate nucleus and project towards it. Finally, β-1 and β-2 tanycytes 
are located in the floor of the third ventricle and median eminence and establish a link 
between the portal blood system and the CSF (38).
 
  Regulation of hypothalamic d2 during inflammation.
 
LPS rapidly increases D2 expression and activity in the hypothalamus (27;34). The 
increased expression of D2 in the hypothalamus has been shown to be independent 
of the fall in serum TH levels during acute inflammation, unlike the D2 increase in 
cerebral astrocytes that show a much more delayed response (39). In addition, the 
LPS- induced D2 increase cannot be attributed to changes in neuropeptide expres-
sion or a rise in corticosterone (40), two mechanisms important for regulation of D2 
during fasting.

The regulation of D2 during inflammation is incompletely understood. Possible regu-
lators of the Dio2 gene are the inflammatory pathways of JNK and NF-κB (Fig 3). 
These pathways are activated upon binding of LPS to the TLR4 and by other pro-
inflammatory cytokines such as IL-1β. TLR4 knockout mice injected with LPS show 
a blunted response to this inflammatory stimulus in macrophages and other immune 
cells, showing the importance of this receptor for LPS induced illness symptoms (41). 
The human and rodent Dio2 promoter have binding sites for JNK and NF-κB, and NF-
κB p65 is shown to be able to regulate the promoter in vitro (34;42;43). However, Iκ-
Bα mRNA expression, a marker of NF-κB signalling, is only observed 12 hours after 
LPS administration, when D2 expression already peaks, indicating that NF-κB is not 
important for the initial D2 increase (44). 

  JnK1.

The c-Jun N-terminal kinase 1 (JNK), also known as mitogen activated protein ki-
nase 8 (MAPK8), is activated by stimulation of the TLR4 by LPS and proinflammatory 
cytokines. Activated JNK phosphorylates members of the AP-1 transcription factor 
complex, which consists of dimers of the Jun and Fos protein families. The AP-1 
complex has shown to be involved in the regulation of D1 expression during inflam-
mation in a human liver cell line (HEPG2 cells) (45). Also, selective inhibition of JNK1 
in the central nervous system affects TRH expression in a diet induced obesity model 
in rats (46). We therefore consider it a likely candidate for the regulation of D2 during 
inflammation. 
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  NF-κB.

The NF-κB transcription factor family consists of two main groups. RelA (p65), RelB 
and c-rel contain a DNA binding domain and can thus actively influence transcription, 
while p50 and p52 are smaller proteins that do not contain a DNA binding domain 
and are not transcriptionally active unless they heterodimerize with Rel proteins (47). 
The formation of a variety of hetero- and homodimers with these 5 family members 
enhances the potential for differential transcriptional regulation. In unstimulated cells, 
NF-κB is bound to the inhibitory molecule Iκ-B. Activation of the NF-κB pathway via 
stimulation of the TLR4 triggers intracellular signalling events, leading to activation of 
IKK (Iκ-B kinase) which phosphorylates Iκ-B and thereby primes it for degradation by 
the proteasome. This releases NF-κB which is then free to translocate to the nucleus. 
In addition, free NF-κB can be phosphorylated by several kinases which enhances its 
transcriptional activation potential (48). 

 
  Figure 3: schematic overview of the hypothalamic regulation of d2 during    

	 	inflammation	by	NF-κB	and	JNK.	Represented	is	the	third	ventricle	(III),	and	the	

  periventricular area of the hypothalamus including the periventricular nucleus (PVn). 

  Peripheral changes during nTIs.

During the central alterations in the HPT axis, simultaneous changes occur in periph-
eral TH metabolism. These peripheral changes may occur independently of serum TH 
concentrations (26). D1 expression in the liver is decreased during acute inflammation 
induced by LPS (27). This is mediated by the combined action of the AP-1 (containing 
JNK) and NF-κB signalling pathways (45). A similar decrease in D1 is observed during 
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bacterial sepsis (49), but not in a mouse model of local chronic inflammation (50). In 
patients who had died from critical illness, D1 activity was very low, and correlated to 
this, T4S concentrations were increased (51). Accordingly, in a rabbit model for pro-
longed critical illness D1 activity was also decreased (52). 

Illness also influences D3 expression and activity, but the results from animal stud-
ies vary. While during acute and chronic inflammation and during sepsis liver D3 
decreases (50;53), D3 expression and activity are increased in rabbits with prolonged 
critical illness (52). Slightly increased D3 activity was also observed in the livers of 
severely ill patients (54). Although previously assumed otherwise, both D1 and D3 are 
not important for the inflammation induced alterations in serum TH concentrations, 
since D3 knock out mice that also exhibit low basal D1 activity show decreased serum 
TH concentrations during inflammation (49). 

Like the liver, white adipose tissue (WAT) is an organ that is sensitive to TH. WAT 
expresses both D2 and D3, which are differentially affected by acute inflammation. 
While D2 expression and activity in WAT are not altered upon LPS stimulation in mice, 
D3 expression and activity are downregulated by acute inflammation (55). During the 
acute phase response, alterations in gene expression of TR’s and co-activators are 
directed to limit the synthesis of triglycerides in order to shuttle free fatty acids to the 
liver (56). However, the functional role of altered thyroid hormone availability in WAT 
during the acute phase response is not known at this point. 

1.2.2: FasTInG

Suppression of the HPT axis in the case of caloric restriction is a clear adaptive re-
sponse to save energy and the changes observed resemble those observed during 
illness. Fasting results in reduced concentrations of serum T3 and T4 in combination 
with a decrease in hypothalamic TRH and pituitary TSH expression. Illness is often 
accompanied by a decrease in food intake and it is tempting to speculate that part of 
the NTIS specific changes are due to diminished food intake, although the mediators 
involved are likely to differ.
 
Thyroid hormone metabolism during caloric restriction has been extensively studied 
in experimental animal models. The decrease in serum TH concentrations can be 
partly explained by decreased thyroidal secretion due to decreased hypothalamic 
TRH and pituitary TSH secretion (57). The feedback setpoint in the hypothalamus is 
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changed during fasting (low serum TH and low TRH), but the mechanisms differ from 
those during inflammation. Although there is an increase of D2 expression in tany-
cytes during fasting, this is marginal compared to the robust increase during inflam-
mation (58). Moreover, the increase in D2 mRNA expression has been found to be not 
indicative for an increase in D2 enzyme activity during fasting (59). Besides a central 
downregulation of the HPT axis, changes in peripheral tissues are also thought to 
contribute to serum TH concentrations (6). 

  Changes in liver thyroid hormone metabolism during fasting.

During periods of fasting or caloric restriction, the expression and activity of type 
1 deiodinase in the liver decreases (60-63). Since D1 was traditionally seen as the 
major source of serum T3 (at least in humans where the thyroid mainly produces T4), 
a decrease in D1 activity was a plausible candidate for the decreased serum TH con-
centrations. However, changes in D1 occur later than the drop in TH in serum (62), 
and D1 knock out mice do not have an impaired response to fasting (59), indicating 
that the D1 decrease is secondary to the drop in serum T3 and T4. In contrast to the 
decreased D3 in the liver during illness, liver D3 is increased during fasting in mice, 
and this increase is dependent on the drop of leptin (64). Increased activity of D3 may 
contribute to the fasting induced clearance of T3 and T4 from plasma, although D3 
knock out mice show the same decreased serum TH concentrations in response to 
fasting as WT mice (59). 

In addition to the deiodinases, fasting results also in changes in sulfotransferases 
(Sults) and UDP-glucuronosyltransferases (UGTs) and their upstream activator CAR, 
which could in turn contribute to the clearance of T3. Involvement of these TH me-
tabolizing pathways, however, seems species specific. In the rat, fasting had no ef-
fect, or even decreased the activity of Sults and UGTs (19;65), while in mice it clearly 
increased these activities (21;22). Although the activity of Sults seem to decrease in 
human liver during illness (51), nothing is known about fasting induced changes in 
Sults and UGTs.  

The mechanisms involved in the regulation of TH inactivating pathways during fasting 
are unknown, as are the relative contributions of these pathways to the decrease in 
serum T3 and T4. 
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  Central regulation of peripheral thyroid hormone metabolism during fasting. 

Central downregulation of the HPT axis during fasting is mainly mediated by direct 
and indirect actions of the WAT-derived hormone leptin and neuropeptides on TRH 
neurons in the PVN. During fasting, leptin levels drop which leads to inhibition of TRH 
neurons via modulation of the NPY/AgRP and POMC/CART neuropeptide system in 
the arcuate nucleus of the hypothalamus (66-69). Interestingly, NPY and Melanocortin 
4 receptor (MC4R) double knock out mice did not show an increase in mRNA expres-
sion of hepatic Sults and UGTs upon fasting which indicates involvement of the central 
nervous system in the peripheral changes in TH metabolism (22). One possible way 
in which this could be regulated is via the autonomic nervous system which anatomi-
cally connects the hypothalamus with peripheral organs (70;71). Sympathetic input to 
the liver is conveyed via pre-autonomic neurons from the PVN and lateral hypothala-
mus (LH) which project directly or via the brain stem to the preganglionic neurons in 
the intermediolateral nucleus of the spinal cord. Parasympathetic (vagal) input to the 
liver travels from the hypothalamus via the dorsal motor nucleus of the vagus (DMV) 
in the brainstem. The autonomic nervous system is known to be involved in many 
processes in the liver that are under the control of the hypothalamus such as hepatic 
lipid metabolism (72;73) and glucose metabolism (74;75). During fasting the activity of 
the autonomic nervous system (ANS) changes, but what the influence of modulation 
of ANS activity is on hepatic thyroid hormone metabolism is not known at present. 

  other energy sensing mechanisms in peripheral tissues.

Besides altered autonomic input to the liver, fasting affects a variety of metabolic 
pathways and humoral factors. As described above, secretion of leptin from WAT is 
decreased. Glucose and insulin levels are low, and the concentrations of free fatty ac-
ids (FFA’s) in the blood rise (76). Fasting is also associated with increased adrenalin 
production by the adrenal glands (77). Changes in circulating factors are sensed by 
cells, where these inputs are integrated to lead to appropriate metabolic responses. 
Some important intracellular pathways that could play a role in the regulation of thy-
roid hormone metabolism during fasting are discussed below:  

Fatty acid sensing 
During fasting, the supply of glucose as the main fuel decreases. FFA’s are released 
from WAT and the liver to serve as an alternative fuel. FFA’s are ligands for the per-
oxisome proliferator activated receptor family (PPAR’s). These nuclear receptors are 
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very important for the transcriptional regulation of adipogenesis and metabolism (78) 
and the family consists of three subtypes (PPARα, PPARβ and PPARγ). PPARα is 
most abundantly expressed in liver and important for lipid metabolism. Interestingly, 
the fasting induced CAR increase in primary hepatocytes is dependent on PPARα 
signaling (79). 

The mTOR pathway
The name of the mammalian target of rapamycin (mTOR) is based on its inhibitor, ra-
pamycin. mTOR is important in many (patho)physiological conditions and coordinates 
a variety of mitogenic and metabolic pathways (80). mTOR is assembled with various 
other proteins, forming mTORC1 when assembled with raptor and mTORC2 when as-
sembled with rictor. Well-known is the rapamycin sensitive mTORC1. mTORC1 regu-
lates the synthesis of proteins that are essential for cell growth. In order to maintain 
this function, it is important that mTOR senses available energy to prevent energy 
demanding processes in the cell during fasting. Many energy sensing mechanisms 
converge on mTORC1, i.e. 5’-AMP protein kinase (AMPK) which is activated when 
ATP levels are low (81). Subsequently, AMPK phosphorylates the tuberous sclerosis 
complex (TSC), a protein which is able to indirectly inhibit mTOR (82). AMPK also 
phosphorylates and inactivates raptor, which is necessary for a stable mTORC1 com-
plex (83). 

In addition, mTORC1 responds to nutrient availability by sensing amino acids, with 
leucine being the most potent stimulator of mTORC1 (84). mTOR signaling is also in-
tertwined with leptin and insulin signaling since both leptin and insulin have the ability 
to activate mTOR (85). For example, mTOR mediates the effect of insulin and leptin 
on aquaporins in hepatocytes (86). Taken together, mTOR function is inhibited during 
shortage of energy and as such an important integrator of nutrient related signals. 
Therefore, mTOR is an interesting potential candidate involved in the regulation of 
thyroid hormone homeostasis. 

HIF1alpha
Hypoxia inducible factor 1α (HIF1α) is induced when oxygen levels are low (hypoxia). 
Under hypoxic conditions, HIF1α is known to upregulate D3 (87). HIF1α is positively 
regulated by mTOR. However, hypoxia itself can also negatively regulate mTOR activ-
ity. Whether HIF1α is upregulated during fasting, and involved in the regulation of D3 
during fasting remains to be explored. 
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  Figure 4: a schematic overview of humoral and molecular factors showing major   

  changes during fasting

1.3 ouTlInE oF ThE PREsEnT ThEsIs. 

  Part 1: Regulation of d2 in tanycytes during inflammation.

In this part of the thesis we aimed to get more insight in the regulation of hypothalamic 
D2 during inflammation. In chapter 2 we used both primary tanycyte cultures and a 
mouse model for acute inflammation to investigate the role of NF-κB p65 signaling 
in the LPS induced increase of D2 expression in tanycytes, both in vitro and in vivo. 
In chapter 3, we aimed to prove a causal role for NF-κB p65 in vivo, by administering 
LPS to mice that are deficient for NF-κB p65 in tanycytes/astrocytes. 

  Part 2: Regulation of peripheral d3 during fasting.

In chapter 4 we investigated the effects of different types of caloric restriction, i.e., 
fasting and 50% food restriction, on liver thyroid hormone metabolism. In chapter 5 
we investigated the role of the autonomic nervous system in the regulation of TH 
metabolism during fasting. In chapter 6 we used CAR knock out mice and rat primary 
hepatocytes to investigate the role of CAR and other nutrient sensing pathways in 
the fasting induced D3 regulation in the liver. In chapter 7 we aimed to unravel the 
underlying mechanisms of the D3 upregulation during fasting in white adipose tissue.  


