Research as compared to the CIM research plan
I. THE MYOKINE IL-6 – REGULATION AND SIGNALLING PATHWAYS
Aim 1: Intracellular pathways for IL-6 gene transcription in skeletal muscle
Two year milestones were:
• to clarify whether IL-6 activation in vivo in human skeletal muscle occurs via the calcineurinNFAT pathway.
We have demonstrated that blocking the calcineurin pathway by CSA, the IL-6 response to
ionomycin was inhibited, whereas TNF-alpha increased by addition of CSA, further indicating a
differential regulation of IL-6 and TNF-alpha in human skeletal myocytes (Keller, 2006). To add
information to the data obtained in vitro, we have further initiated in vivo studies in which healthy
volunteers are performing exercise with and without treatment with the calcineurin-inhibitor
Cyclosporin A. This study is in progress and the experimental part will be finished in July 2007.
• to develop assays for signalling molecules.
We have established Westerns for several signalling molecules and applied these on muscle cell
cultures and human muscle biopsies.
Aim 2. Down-stream signalling of IL-6 in muscle
Two year milestone were
• to clarify whether IL-6 activation stimulates SOCS-1 based on cell culture studies and exercise
studies in humans.
We have determined the signalling pathways of IL-6 in vitro in muscle cell lines. Concomitant
information about glucose uptake has been obtained using a [3H]2D-glucose-6-phosphate uptake
assay. To establish that IL-6 was signalling through the IL-6 receptor/leukemia inhibitory factor
receptor/gp130 receptor complex, we quantified the phosphorylation of one of the prime
705
downstream targets of the receptor complex, STAT3 (Tyr ), and the downstream protein suppressor
of cytokine signalling (SOCS)3. Phosphorylation of STAT3 was increased after only 10 min of
treatment with IL-6, while SOCS3 protein expression was elevated after 60 min of exposure (Carey et
al, 2006)
• to develop assays for signalling molecules and their pathways.
We have established PCR- and -Western analyses for relevant STAT/SOCS.
Aim 3: Mechanisms underlying the autocrine regulation of IL-6
Two-year milestones
• Development of assays for signalling molecules and their pathways to be used to study
contraction-induced expression of IL-6R.
We have demonstrated that the gp80 mRNA and protein levels are markedly upregulated following
exercise, whereas gp130 is ubiquitously expressed. Exercise-induced increases in IL-6 receptor mRNA
most likely occur via an IL-6 independent mechanism as shown in IL-6 KO mice and a human rhIL-6
infusion study, whereas IL-6 receptor protein levels are responsive to elevated plasma IL-6 levels
(Keller P, 2005b). We followed up on this finding and demonstrated that IL-6 receptor expression is
increased in trained skeletal muscle, suggesting that a trained muscle is more sensitive to IL-6 at rest
(Keller C, 2005). We have further demonstrated that IL-6 stimulates glucose-uptake in myocytes and
identified the role of AMPK (Carey et al, 2006). The finding that a trained muscle has an up-regulation
of IL-6R is compatible with the notion that a trained muscle is more IL-6 sensitive and capable of
extracting more glucose from the blood. These novel findings suggest that elevated levels of plasma
IL-6 as found in patients with the metabolic syndrome may reflect IL-6 resistancy as paralleled by
insulin resistance and leptin resistance. We will further explore the IL-6 resistancy hypothesis in the
future.
Conclusion: The aims have been fulfilled.
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II. IL-6 / TNF-α INTERACTION AND BIOLOGICAL ROLES
Aim 1: IL-6, insulin resistance and glucose turnover
Two-year milestones were
• to clarify if IL-6 and TNF interact with the regulation of PDK4/PDH in vitro.
We have demonstrated that exercise is associated with decreased phosphorylation of PDH-E1α at
both site 1 and 2 in human skeletal muscle, and that intralipid infusion modifies this response with
even lower phosphorylation of both sites. These changes in PDH-E1α phosphorylation are associated
with corresponding changes in PDHa activity, including a more sustained elevation in the PDHa activity
during the later stages of exercise with intralipid. These recent findings reveal an inverse association
between PDH-E1α phosphorylation and PDHa activity in human skeletal muscle (Pilegaard et al,
2006). We have further performed a study demonstrating that TNF in vivo in humans does not
influence PDK4/PDH activity. Ongoing studies will determine if IL-6 has an impact on PDK4/PDH.
• to clarify whether IL-6 enhances insulin sensitivity.
We have illuminated the effect of IL-6 infusion in healthy humans on insulin-stimulated glucose uptake
and added in vitro studies to clarify the mechanism whereby IL-6 enhances glucose uptake in
myocytes (Carrey et al, 2006; Krogh-Madsen et al 2006).
Using the euglycemic insulin clamp in combination with stable isotope tracers, we have performed an
IL-6 infusion study in patients with type 2 diabetes. In this study, we will also investigate IL-6 signalling
in human skeletal muscle. This part of the project is still in progress.
Aim 2: TNF-α, insulin resistance, and glucose turnover
Two-year milestones were
• clear data on glucose metabolism during elevated TNF-α levels in humans.
• a clear answer to the question on whether TNF-α inhibits insulin-stimulated activation of IRS1 / IRS-2 in humans.
We have obtained clear answers to these questions. We have demonstrated that TNF-α infusion in
healthy humans induces insulin resistance in skeletal muscle without an effect on endogenous glucose
production, as estimated by a combined euglycemic insulin clamp and the stable isotope tracer
method. TNF-α directly impairs glucose uptake and metabolism by altering insulin signal transduction.
TNF-α infusion increases phosphorylation of p70 S6 kinase, extracellular signal–regulated kinase-1/2,
and c-Jun NH2-terminal kinase, concomitantly with increased serine and reduced tyrosine
phosphorylation of insulin receptor substrate-1. These signalling effects are associated with impaired
phosphorylation of Akt substrate 160, the most proximal step identified in the canonical insulinsignalling cascade, regulating GLUT4 translocation and glucose uptake (Plomgaard 2005a).
We have further performed a study in which we infused rhTNF to humans in the fasting state. TNF
lowered the basal insulin concentration but did not attenuate the glucose-induced insulin secretion
during an intravenous glucose tolerance test. This study suggested that TNF either had an effect on
the unstimulated insulin secretion, but not on the glucose-stimulated insulin secretion or that TNF
increases the clearance of insulin (Ibfelt et al, unpublished data).
In addition to these planned experiments, we have obtained novel information with regard to the
cardiovascular effects of TNF. In an in vivo human study, we demonstrated that an acute elevation of
TNF reduces stroke volume but not cardiac out-put. These data suggest that TNF has an effect on
myocardial contractility, which at least in a resting situation is compensated for by increased heart rate.
Moreover, we have also demonstrated that TNF inhibits insulin-stimulated increase in peripheral
blood flow (Fischer et al, unpublished data).
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Aim 3: Effects of TNF-α and IL-6 on lipid metabolism
Two-year milestones were
• gene expression analysis of muscle and fat from three compartments has been performed.
As we did not find a difference between abdominal and femo-gluteal fat compartments, we focused
on subcutaneous fat and intramuscular fat. With regard to IL-6, we had previously published that IL-6
was a novel lipolytic factor. During the past year we have illuminated the mechanisms whereby IL-6
induces fat oxidation in myocytes. It is well known that AMPK phosphorylates ACC resulting in
inhibition of ACC activity, which in turn leads to a decrease in malonyl CoA content, relieving
inhibition of CPT-1 and increasing fatty acid oxidation. Whether the IL-6–induced increase in lipid
oxidation is mediated by the activation of AMPK had not previously been elucidated, but we have
shown, via the use of an AMPK dominant-negative–infected cell line, that IL-6–mediated
phosphorylation of ACC and subsequent palmitate oxidation is AMPK dependent (Carey et al, 2006).
Using IL-6KO mice, we have further demonstrated the interaction between IL-6 and AMPK (Carey et
al, 2006; Ruderman et al, 2006). Our combined data suggest that IL-6 and other ligands that bind to
the gp130 receptor complex can markedly enhance fat oxidation via activation of AMPK. Our intial
findings with regard to IL-6 and insulin sensitivity have now been confirmed by other groups (e.g.
Zierath`s and Holloszy`s groups). We have further performed an ambitious human study with the aim
to investigate the effect of rhTNF on whole body lipolysis in humans using stable isotope tracer
techniques. The latter study demonstrates that low-dose administration of TNFα to human healthy
subjects has a marked effect on lipid metabolism (Plomgaard et al, in manuscript).
• to establish specific assays for molecules involved in leptin and adiponectin signalling.
This work is in progress.
By studying HIV-infected patients with lipodystrophy (LD), we have further illuminated the interaction
between lipid metabolism, insulin resistance and inflammation. Lipodystrophy is associated with insulin
resistance and elevated plasma levels of free fatty acids (FFA). Acipimox was used as a tool to block
lipolysis. Using a randomised placebo-controlled cross-over design, we studied the effects of acipimoxinduced suppression of FFA on glucose metabolism using stable isotope labelled tracer techniques
during basal conditions and a two-stage euglycemic, hyperinsulinemic clamp. Biopsies from the vastus
lateralis muscle were obtained in each stage. Acipimox treatment reduced basal FFA rate of
appearance (Ra) and decreased plasma FFA concentration, whereas endogenous glucose production
(Ra ) was not influenced. During the clamp the increase in glucose uptake (Rd) was significantly greater
after acipimox treatment compared to placebo. Insulin increased phosphorylation of Akt (Thr308)
and GSK-3 (Ser 9), decreased phosphorylation of glycogen synthase (GS) site 3a+b and increased
GS-activity (I-form) in skeletal muscle. In addition, acipimox treatment inhibited insulin-stimulated
phosphorylation of GS (site 3a+b) and increased GS-activity. This study provides the first direct
evidence that suppression of lipolysis in patients with HIV-lipodystrophy improves peripheral glucose
uptake. Moreover, we have been able to unravel the underlying mechanism and conclude that the
increased glucose uptake may be explained by increased dephosphorylation of GS (site 3a+b)
resulting in increased glycogen synthase activity (Lindegaard et al, in review).
Aim 4: TNF-α, IL-6, and contractile proteins
The two-year milestone was
• to clarify the role of an acute increase in TNF-α levels on protein synthesis/degradation in
humans.
Effects of rhTNF on muscle protein turnover are being measured in basal state and during amino acid
infusion and include the use of the [1,2-13C]leucine tracer, a-v differences over one leg and flow
measurement to calculate net-flux. The experimental part has been finished and analyses are ongoing.
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Aim 5. TNF-α, IL-6, and mitochondrial proteins in muscle
The two-year milestones were
• the stimuli (including substrate availability and calcium) leading to activation of the PGC-1 gene
in skeletal muscle have been described.
We have performed cell culture studies, which clearly support that calcium is a potent regulator of
the PGC-1α gene and that the calcineurin signalling pathways are essential in eliciting this response,
whereas the CAMK pathways play a minor role in cell culture. With the purpose of establishing a setup to investigate the functional role of PGC-1α, the use of PGC-1α siRNA in cell culture was
initiated. To test the hypothesis that PGC-1α is playing a role in exercise-induced adaptive gene
responses, PGC-1α knockout (KO), PGC-1α heterozygote (HT) and wildtype (WT) mice have
completed one hour acute treadmill running (14m/min, 10% slope, which is what the KO mice were
able to complete) and tissues were taken out (several different muscles, adipose tissue, liver and brain
parts) either immediately after running or 2h or 6h after the end of running. WT mice also ran at a
faster running speed protocol to match a similar relative intensity as the KO mice, which have a very
low running capacity. The analyses done at this point show that cytochrome c and cytochrome
oxidase (COXVb) mRNA and protein levels are much lower at rest in KO mice than in WT. In
addition, while exercise induced an increase in cytochrome c and COXVb mRNA in soleus in WT
mice this was not seen in KO mice. In contrast, similar inductions were seen in HKII mRNA. At the
protein level, no exercise-induced changes were apparent in cytochrome c or HKII in either genotype.
Moreover, the PGC-1α KO mice had much lower muscle glycogen levels in white gastrocnemius at
rest and a similar level of glycogen was reached in WT and KO at the end of running showing much
less glycogen use in KO mice. Interestingly, while the WT mice had restored muscle glycogen at 2h of
recovery, the KO mice still had the glycogen level from the end of exercise strongly indicating that the
lack of PGC-1α may influence glycogen resynthesis. We will pursue this further both by analysing
glycogen in several other muscles and by investigating regulation of glycogen synthase content and
phosphorylation at rest and in response to exercise. We have seen no differences in responses in HT
and WT and will not continue doing experiments on the PGC-1α HT mice. We are currently
analyzing exercise-induced mRNA responses in liver and brain parts in the PGC-1α KO mice and
protein levels are expected to be performed within the next year. In addition, we are now breeding
the PGC-1α mice here in Copenhagen (Pilegaard et al, work in progress).
• the IL-6 AMPK interaction has been elucidated.
We have performed studies, which clearly show that in basal and insulin stimulated myotubes and
adipocytes, acute IL-6 treatment enhances insulin signalling, glucose uptake, p38 MAPK
phosphorylation, and AMPK activity. To determine whether the phosphorylation of p38 MAPK or
activation of AMPK was responsible for the insulin sensitizing effects of IL-6, L6 myotubes were
adenovirally infected with dominant negative (dn) isoforms of p38 MAPK and AMPK. No differences
were observed in glucose uptake when comparing p38 dn with mock transfected cells when treated
with IL-6. In contrast, IL-6 increased both basal and insulin stimulated glucose uptake, acetyl Co-A
carboxylase and fatty acid oxidation in mock, but not AMPK dn cells, indicating that the metabolic
effects of IL-6 are mediated by AMPK. Studies in IL-6KO mice further highlighted that exerciseinduced AMPK activation is dependent on IL-6 (Carey et al, 2006; Ruderman et al, 2006)
• the gene array – bioinformatics approach will have given us at least ten “new” genes, which
are up….
Report on this milestone has been moved to section IV, Aim 3.
III. BRAIN FUNCTION AND BRAIN METABOLISM – ROLE OF MYOKINES AND ADIPOKINES
Two-year milestones were
• to establish development of assays for IR (PCR, Western, IHC), leptin (PCR, Western, IHC),
and adiponectin receptors (PCR and eventually Western, IHC) to be used on human skeletal
muscle biopsy samples.
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Most of these assays have been established.
• to obtain first data in brains of gene-modified animals regarding the expression levels of
relevant factors/proteins and activation of signalling pathways in the brain.
These studies are in progress. We have performed an initial study examining the exercise-induced
gene responses in different brain parts in C57 mice in order to obtain an efficient model (exercise,
time points, brain parts, genes) to be used on our transgenic models. These data show that we can
indeed detect mRNA responses of several genes (like BDNF, NGF) in specific brain parts
(hippocampus) and these responses are transient in nature underlining the importance of this preexperiment. The mRNA expression was also clearly part-specific (hippocampus, cortex, cerebellum)
for almost all investigated genes. We are currently analyzing the brain part from this initial study by
immunohistochemistry. In addition, we have done the experimental part (with the mice) with acute
running responses and training effects of PGC-1a KO mice and training on IL6 KO mice and taken out
the above mentioned brain parts. These analyses (primarily mRNA levels by real time PCR and
protein levels by western blotting) have started and will continue during the next year.
• to obtain first data on glucose metabolism and cognitive function from the human study in
which TNF-α is administered simultaneously with insulin clamp.
We have slightly altered the protocol as we have replaced the TNF-α infusion study by a study in
which we administered E.Coli endotoxin to humans. Thereby, we did not just enhance systemic TNF
levels, but used an approach whereby TNF-production was stimulated in vivo and consequently TNFlevels were increased to levels comparable with levels seen in patients with chronic diseases. The
effect of E.Coli endotoxin on cognitive function has been published (Krabbe, 2005).
IV. NEW MYOKINES AND ADIPOKINES
Aim 1. IL-18 and apoptosis in adipose tissue
The two-year milestones were
• to study whether IL-18 influences adipocyte differentiation and/or apoptosis of human
adipocytes.
We have decided not to initiate this study, but given priority to studies, which could provide
information about the direct metabolic role of IL-18 in vivo. To establish whether IL-18 is a causal
factor in mediating insulin resistance, we have been breeding IL-18KO and IL-18receptor KO mice.
We have studied male and female IL-18 knock-out (IL-18-/-) and IL-18 receptor knock-out (IL-18R-/-)
mice.
Insulin sensitivity:
Females: Insulin tolerance test demonstrated enhanced insulin sensitivity in both IL-18-/- and IL-18R-/mice compared with controls but normal oral glucose tolerance test. Both IL-18R-/- and IL-18-/demonstrated decreased insulin secretion.
Males: IL-18R-/- and IL-18-/- mice demonstrated decreased insulin sensitivity and impaired glucose
-/-/tolerance test compared with controls. Both IL-18R and IL-18 demonstrated impaired insulin
secretion.
Fat mass:
At 3 and 6 months of age, IL-18R-/. mice had gained more fat mass relative to controls, but only in
-/.
-/females. Females (IL-18 and IL-18R ) demonstrated elevated adiponectin and adipogenesis marker
Lipin A mRNA expression i fat pads and males showed a decrease in adiponectin mRNA.
We conclude that both male and female mice with impaired IL-18 signalling demonstrated decreased
insulin secretion. However, whereas males became more insulin resistant, females became more
insulin sensitive. The increased fat mass observed in females may reflects increased adipogenesis. The
gender-difference suggests that increased fat mass may influence insulin sensitivity and this may be
mediated via adiponectin. Presently, we are studying the metabolic effect of high-fat feeding in these
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mice. Morover, we are investigating the effect of IL-18 on adiponectin, leptin, lipin and other genes
involved in adipogenesis.
• an answer to the question of whether IL-18 is regulated in vivo by insulin, TNF-α or IL-6.
We have accumulated a number of new data on IL-18 demonstrating that circulating levels of IL-18
are tightly associated with insulin resistance (adjusted for BMI, fitness level, and other cytokines)
(Fischer 2005b). We have demonstrated that TNF infusion, but not IL-6 infusion, to humans induces
insulin resistance and concomitantly stimulates IL-18 and caspase-1 expression in human skeletal
muscle (Krogh-Madsen et al, 2006).
Aim 2. Lipin and lipodystrophy in humans
Two-year milestone was
• an answer to the question of whether lipin is expressed in human adipose tissue and whether
lipodystrophy is associated with lower expression levels.
It appears that there are two lipin isoforms, lipin A and lipin B for which we have established an RTPCR method. We have published that lipin is expressed in human adipose tissue, but in very low
levels in patients with lipodystrophy (Lindegaard et al, 2006).
We have further studied lipin expression levels in skeletal muscle and adipose tissue in patients with
type 2 diabetes and controls using a cross-sectional case-control design. We found a positive
association between lipin-β (but not lipin-α) mRNA levels in skeletal muscle and HDL, whereas both
lipin-β and lipin-αmRNA levels in adipose tissue were positively correlated with HDL, but only in
women. There was a negative association between lipin-β and lipin-α mRNA levels in adipose tissue
and BMI, in women only. Univariate analyses showed a negative association between HOMA2-IR and
lipin-β in adipose tissue (P<0.001) in women. These associations were no longer significant when
adjusting for BMI, age, and HDL. These data suggest that both lipin-β and lipin-α expressions are
involved in the regulation of HDL and in the regulation of adipose tissue mass. However, females
seem to be more sensitive to the expression levels of lipin than males (Lindegaard et, unpublished
data).
We have further demonstrated that Lipin A mRNA levels are regulated in skeletal muscle by exercise.
Furthermore, Lipin A is expressed to a higher degree by m.triceps (fiber type 2 dominance), whereas
m.soleus (fiber type 1 dominance) expresses lipin to a much lower degree. The mechanism whereby
lipin is regulated in skeletal muscle is being investigated in collaboration with Professor Karen Reue,
USA, and we plan to publish our combined data on muscle and lipin.
Aim 3: Identification of new adipokines and myokines
Two-year milestones were
• the gene array – bioinformatics approach.
The method has given us at least ten “new” genes, which are up - or down-regulated and likely to
play a role for the metabolism in muscle and fat tissue and offer an answer to the “mitochondria gene
hypothesis”. In this report, we will highlight the identification of the following target genes:
Brain-derived neurotropic factor (BDNF)
Decreased levels of brain-derived neurotrophic factor (BDNF) have been implicated in the
pathogenesis of Alzheimer’s disease and depression. These disorders are associated with type 2
diabetes, and animal models suggest that BDNF plays a role in insulin resistance. We therefore
explored whether BDNF plays a role in human glucose metabolism. We first demonstrated that
plasma levels of BDNF were decreased in humans with type 2 diabetes independently of obesity and
that plasma BDNF was inversely associated with fasting plasma glucose, but not with insulin. We
further demonstrated that BDNF is released from the human brain at basal conditions. The BDNFoutput was inhibited when blood glucose levels were elevated during a hyperglycaemic clamp. In
contrast, when plasma insulin was increased while maintaining normal blood glucose, the cerebral
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output of BDNF was not inhibited, indicating that high levels of glucose, but not insulin, inhibit the
output of BDNF from the human brain. This study suggested that decreased BDNF may be a
pathogenetic factor involved not only in dementia and depression, but also in type 2 diabetes,
potentially explaining the clustering of these conditions in epidemiological studies (Krabbe et al,
published 2007). The latter study further suggested that BDNF might have a peripheral role.
Unpublished data from our group demonstrate that plasma-BDNF is regulated by exercise in humans
and that contracting human skeletal muscle expresses BDNF (mRNA and protein). We are currently
investigating the signalling pathways of BDNF in myocytes. Moreover, using electroporation in murine
skeletal muscle in vivo, we are investigating if BDNF is secreted from the muscle as a myokine.
Interleukin-15 (IL-15)
IL-15 has been identified as an anabolic factor, which is highly expressed in skeletal muscle. Moreover,
in experimental studies IL-15 appears to reduce white adipose tissue mass. We suggested that IL-15
might act in a muscle-to-fat endocrine axis which modulates fat:lean body composition and insulin
sensitivity. In an epidemiological study, we have found support for this hypothesis as we were able to
demonstrate that the plasma levels of IL-15 as well as the levels of muscular IL-15mRNA inversely
correlated with adipose tissue mass (Nielsen et al, unpuslished data). Given that IL-15 has been
demonstrated to have anabolic effects in cell culture systems, we tested the hypothesis that skeletal
muscle fiber type II predominantly expressed IL-15, and that resistance exercise regulated IL-15
expression in muscle. Triceps brachii, vastus lateralis quadriceps, and soleus muscle biopsies were
obtained from healthy volunteers, because these muscles are characterized by different fiber-type
compositions. IL-15 mRNA levels were two-fold higher in the triceps (type 2 fiber dominance)
compared to the soleus muscle (type 1 fiber dominance), whereas western blotting and
immunohistochemistry revealed that muscle-IL-15 protein content did not differ between muscle
groups. Following resistance exercise, IL-15 mRNA levels were up-regulated two-fold at 24 h of
recovery without any changes in muscle-IL-15 protein content or plasma-IL-15 at any of the
investigated time points. Based on these data, we conclude that the levels of IL-15 mRNA are
enhanced in skeletal muscles dominated by type 2 fibers and that resistance exercise induces
increased muscular IL-15 mRNA levels. The finding that IL-15 mRNA levels in skeletal muscle were
not paralleled by similar changes in muscular IL-15 protein expression suggests that muscle-IL-15 may
exist in a translationally inactive pool or that IL-15 is rapidly released into the circulation following
translation. Using the electroporation method in murine muscle, we are now investigating if muscle
has the capacity to secrete IL-15.
Gene-array studies
We have compared metabolic gene expression in adipose tissue and skeletal muscle from patients
with type 2 diabetes and from well-matched healthy control subjects. The mRNA gene expression of
suppressor of cytokine signalling (SOCS) 3, peroxisome proliferative activated receptor (PPAR)
alpha/delta, PPAR gamma, coactivator 1, alpha (PPARGC1A), carnitine palmitoyltransferase 1B and
solute carrier family 2 (facilitated glucose transporter), member 4 (formerly known as glucose
transporter 4/GLUT4), was higher in adipose tissue, but lower in skeletal muscle of diabetic patients
than in that of control subjects. In addition, uncoupling protein 1 (UCP1) gene was detected in the
adipose tissue of some of the diabetic patients, but not in the control subjects. The following genes
were increased by infusion of recombinant human IL-6 in both groups: SOCS1/3, resistin, adiponectin,
AMP-activated protein kinase-alpha-1 and PPARA. Plasma tumour necrosis factor alpha, adiponectin,
and resistin were all unaffected by IL-6 infusion, but plasma resistin was lower in the diabetic subjects
than in control subjects. The observation that PPARGC1A and the PPARs were upregulated in the
adipose tissue of type 2 diabetic patients, along with the finding that adipose tissue from some
patients with type 2 diabetes can express UCP1 mRNA, suggests that in these patients white adipose
tissue may move towards a brown adipose tissue phenotype (Carey et al 2006b).
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To identify target genes related to insulin resistance, obesity and fitness, we have established a human
cohort including four specific groups: 1) normal weight, no type 2 diabetes (DM) (n=62); 2) obese, no
DM (n=41); 3) normal weight, DM (n=50); 4) obese, DM (n=46). In addition, we included 34
participants, who had impaired glucose tolerance (IGT). We have performed gene micro array studies
(Affymetrix) on muscle and adipose tissue biopsies from this cohort and the bioinformatics are
ongoing.
To identify genes that are activated by muscle contractions, we have obtained muscle biopsies at five
time points (0; 3; 6; 9, and 24 h) in relation to 3 h of exercise. We have identified approximately
2.500 genes, which change at least 1.5 fold with exercise, including 1000 genes with an unknown
function. We have identified 300 genes, including 100 genes with an unknown function. Affymetrix on
muscle biopsies has been obtained in relation to rhIL-6 infusion. We have identified three genes,
S100A8, HDAC4, and FKBP5, the expression of which is markedly changed by both exercise and
rhIL-6 infusion. These genes have been validated by RT-PCR and are currently being investigated.
Examples of new target genes
S100A8 may potentially be a myokine. It has not previously been shown that S100A8 is expressed in
muscle tissue, but it is known to be secreted from other tissues. Both HDAC4 (histone deacetylase 4)
and FKBP5 (FK506 binding protein 5) are up-regulated 3-fold by exercise and IL-6 infusion in human
skeletal muscle. HDAC4 may be involved in the regulation of the specific glucose transporter GLUT4.
HDAC4 activity is regulated by calcium. FKBP5 inhibits calcium signalling and may inhibit TNF-α
signalling to NFκB. We will establish ELISA and Western blotting methods to measure the S100A8
concentration, and establish a Western method on human muscle tissue and study the possibility that
S100A8 is released from working human muscle and from stimulated myocyte cultures. If these
experiments prove to be promising, we will try to create a mouse with a knock out for S100A8
and/or to over-express S100A8 specifically in murine skeletal muscle. We will establish the sRNA
method in order to modify the expression of HDAC4 and FKB5 in myocyte cultures. A full plan for
these three proteins is not given here. We have selected a number of other genes in muscle biopsies,
which will be studied in more details.
TAST study
Establishment of the signal trapping method on skeletal muscle and identification of a number of
secretory molecules. In collaboration with Novozymes, we have applied the recently developed TAST
technique on skeletal muscle biopsies obtained from healthy humans. We have established three
cDNA libraries and recovered and sequenced 668 trappants in total from the human skeletal muscle
cDNA libraries. The bioinformatic work is ongoing and these data will be published together with the
Affymetrix data.
Proteomics – SILAC
Using powerful tools such as state-of-the-art mass spectrometry based proteomics we aim at
discovering secreted factors produced by myocytes. A newly developed method – Stable Isotope
Labelling by Amino Acids in Cell Culture (SILAC) – allows direct and unbiased quantification of
protein expression/secretion. SILAC utilises the capability of the cells to be grown in defined media,
containing “normal” amino acid or a stable isotope-labelled “heavy” version of the same amino acid.
Our goal remains the discovery of secreted factors produced by myocytes utilizing the advantages of
the quantitative mass spectrometry-based proteomics. We have successfully utilized the Stable
Isotope Labelling by Amino Acids in Cell Culture (SILAC) method to study the dynamic changes of
myokines during the process of differentiation of C2C12 (a well recognized model for investigation of
the process of muscle differentiation). We have optimized the conditions for growth and
differentiation of the cells in SILAC labeling media and have determined the efficiency of the
conversion to myotubes. Using triple encoding SILAC the myoblasts were labeled and differentiated
to myotubes. We collected samples containing the secreted factors (myokines) during the conversion
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and at the terminal stage of differentiation. The samples were analyzed using a liquid chromatography
tandem mass spectrometry. At present we evaluate and process the acquired data using build in
house software and we aim at a creation of a comprehensive catalogue of myokines.
The raw data demonstrate that there are more than 30 secreted factors and a final evaluation will be
possible after repeating the experiment."
V. GENE POLYMORPHISMS IN INSULIN RESISTANCE AND ADAPTATION
Two-year milestones were
• to obtain data from the 1905 cohort on above-described polymorphisms and relation with
dementia and cachexia.
We have identified that single nucleotide polymorphisms (SNPs) related to high proinflammatory or
low anti-inflammatory activity are risk factors of decreased cognitive functions in octogenarians,
supporting the hypothesis that inflammatory processes contribute to the development of cognitive
decline. Although they need confirmation, our data indicate that especially IL-18 plays an important
role in age-related neurodegeneration in humans. IL-18 SNPs are associated with circulating TNF-α,
and especially activation of the TNF system in the peripheral blood seems to reflect the current state
of the brain. Thus, we have identified circulating TNF-α and/or sTNFRs as biomarkers of brain
function in the elderly.
Gene environment interaction
It is believed that life-style may interfere with genetic disposition to disease. However, there are few
concrete data to tell at the molecular level how exercise and diet interfere with DNA sequence
variations and subsequently influence training adaptation and risk profile. To specifically address the
nature of the molecular mechanisms by which exercise training influences the deleterious changes
underlying the metabolic syndrome we have established collaboration within the EU-FP6 integrated
project “EXGENESIS” with Rainer Rauraama, Kuopio, Finland. The study is a large-scale 4-year
controlled randomised exercise intervention trial with 6 study arms (reference; aerobic, resistance;
diet; aerobic+diet; resistance+diet; see FIGURE), each including subjects in a representative
population sample (n=1500) of 55-74 year-old men and women who show a prevalence rate of
metabolic syndrome of 13%. Whereas the primary end point measurements of parameters relevant
for the metabolic syndrome, cognitive function, endothelial function and carotid atherosclerosis will be
performed annually in 1500 subjects, exercise-induced gene activation in muscle and fat biopsies will
be studied in a subgroup of 96 subjects at baseline and after 1 year applying the same standardized
aerobic exercise test in all 96 subjects. This unique material will allow us to also analyse for relevant
gene polymorphisms from all 1500 subjects and link these with progression in clinical parameters. In
addition, we will have the opportunity to study exercise-induced gene expression profiles in skeletal
muscle biopsies and link this expression with gene polymorphism with a high allele frequence. We
have just initiated DNA-purification and will perform a number of SNPs analyses for cytokines and
metabolic genes.

Reference

Reference
Aerobic exercise 1000-1500 kcal/wk

Aerobic exercise
Aerobic exercise >1500 kcal/wk
Resistance exercise 1000-1500 kcal/wk
Resistance exercise
Run-in

Resistance exercise >1500 kcal/wk

Randomization

Diet
Diet
Special diet

0 months

Aerobic exercise + diet

Aerobic exercise 1000-1500 kcal/wk + diet

Resistance exercise + diet

Resistance exercise 1000-1500 kcal/wk + diet

6 months

4 years
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Scientific collaboration
EU - FP6 – integrated project
Together with professor Grahame Hardie, University of Dundee, BKP as the vice-deputy runs the
EXGENESIS consortium, which counts 27 European partners. The budget is 12.3 million Euros for 5
years.
The EU-funded EXGENESIS project is working to provide a better understanding of the molecular
mechanisms involved in the protective effects of exercise and a healthy diet. Recent scientific advances
have highlighted the role of signalling pathways and changes in gene expression in muscle and other
tissues through which the beneficial effects of exercise arise. The aim of EXGENESIS was to establish
a major European consortium that could capitalise on these advances, converting them into new
measures for prevention and treatment of Type 2 diabetes. Results could include innovative
medicines, or more efficient approaches towards healthier lifestyles, especially with respect to diet and
exercise.
EXGENESIS partners meet twice a year and EXGENESIS work package groups meet even more
frequently.
CIM national and international collaborators
We have several national and international collaborators e.g. within CMRC, MMRC and through the
EU-FP-6 integrated project. The below list of collaborators is not complete.
Frank Booth, PhD, professor, Depts. of Biomedical Sciences and Physiology and the Dalton
Cardiovascular Institute, University of Missouri, USA.
Kaare Christensen, DMSc. professor of Epidemiology, Institute of Public Health, University of
Southern Denmark (SDU), Odense.
Mark Febbraio, PhD, professor, Diabetes & Metabolism Division, Baker Heart Research Institute,
Melbourne, Australia.
Juan Hidalgo, PhD, professor, Departamento de Biologia Celular, de Fisiologia y de Inmunologia,
Unidad de Fisiologia Animal, Facultad de Ciencias, Universidad Autonoma de Barcelona, Spain.
Ormond A. MacDougald, Dept of Molecular and Integrative Physiology, University of Michigan, USA.
Per Amstrup Pedersen, PhD, associate professor, Institute of Molecular Biology and Physiology, UC.
Rainer Rauraama, PhD, professor and director, Kuopio Research Institute of Exercise Medicine,
University of Kuopio, Finland.
Karen Reue, PhD, professor, Department of Medicine, University of California, Los Angeles.
Neil Ruderman, PhD, professor, Depts. of Medicine, Physiology, and Biophysics, Boston University
School of Medicine and Diabetes Unit, Boston Medical Center, USA.
Hermona Soreq, PhD, professor, the Hebrew University of Jerusalem, Israel.
John Thyfault, associate professor, the Health Activity Center, University of Missiouri, Columbia, MO,
USA
James Timmons, professor of exercise biology, Heriot-Watt University, Edinburgh, UK.
Jørgen Wojtaszewski, PhD, associate professor, Institute of Sport and Exercise Sciences, University of
Copenhagen.
Ylva Hellsten, PhD, associate professor, Institute of Sport and Exercise Sciences, University of
Copenhagen.
Juleen Zierath, PhD, professor, Dept. of Physiology and Pharmacology, Karolinska Institutet, Sweden.
Exchange of Researchers
Anu Aonorn, PhD-student from University of Tartu, Estonia has worked 1 month with Milena
Penkowa.
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Pernille Keller, CIM postdoctoral fellow has worked for 10 months with professor Ormond A
MacDougald at the Department of Molecular and Integrative Physiology, University of Michigan, Ann
Arbor, Michigan, USA. Until the end of 2007, Pernille will be affiliated with both CIM and the group in
Ann Arbor.
Birgitte Lindegaard, CIM PhD-student has worked with Juan Hidalgo, University of Barcelona, Spain.
Remi Mournier, postdoctoral fellow from the University of Auvergne, France, has worked in CIM with
BKP for 11 months.
Nikolay Peev, PhD-student from Varna University, Bulgaria, has worked in CIM for 4 months in CIM
with Milena Penkowa.
Christina Yfanti, PhD-student from Greece, has worked in CIM for 12 months with BKP.

Contributions at Congresses, Conferences, etc.
•
•
•
•
•
•
•
•
•
•
•
•
•

January 2006: Vancouver, Canada. 2006 Keystone Symposium on Adipogenesis, Obesity and
Inflammation. BKP invited speaker.
May 2006: Madrid, Spain. European Congress of Rehabilitation and Physical Medicine. BKP invited
speaker.
June 2006. Denver, USA. ACSM. “The antiinflammatory effects of exercise – roles of cytokines”.
BKP invited speaker.
June 2006: Denver, USA. President's Lectures at the American College of Sports Medicine's 53rd
Annual Meeting 2006. BKP key-note speaker.
June 2006: Miami, USA. The 13th Annual Meeting of the Psychoneuroimmunology Research
Society. BKP invited speaker.
th
July 2006: Beijing, China. The 15 International Union of Pharmacology (IUPHAR) Congress of
Pharmacology. BKP key-note speaker.
August 2006: Colorado, USA. FASEB Summer Research Conference – 4th International AMPK
Symposium. BKP invited speaker.
August 2006: Gothenburg, Sweden. 134th Nobel Symposium. BKP invited speaker.
August 2006: Warsaw, Poland. Polish Physiological Society. BKP invited speaker.
October 2006: Copenhagen, Denmark. The international Alliance of Research Universities (IARU)
workshop on Ageing, Longevity and Health. The role of key cytokines during ageing. Helle
Bruunsgaard invited speaker.
October 2006: Lindköping, Sweden. Prevention of Diabetes and its Complications. BKP invited
speaker.
October 2006: Seoul, Sydkorea. 13th International Conference of Biochemistry of Exercise. BKP
invited speaker.
November 2006: London, Great Britain. Association for Study of Obesity and Adipose Tissue.
BKP invited speaker.

Interaction with Society
•

The Ministry of Interior and Health

BKP is chairman of the National Council of Public Health (Nationale Råd for Folkesundhed). The
Council has been set up by the Ministry of Interior and Health according to Danish law. The Council
is an independent body of experts and its aim is to strengthen the efforts to improve the general
health condition of the Danish population. The Council should fulfil its aim by contributing to the
public debate and acting as advisor to the Minister of Interior and Health.
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As chairman of the Council, BKP has given numerous talks during 2006 for e.g. politicians, school
children and their parents, health personnel (other than academia) etc. and has contributed with
interviews, feature articles, correspondence, etc.
The Council has initiated the “KRAM”-investigation, (http://www.kramundersogelsen.dk/) which is the
one of the largest public health surveys that include objective health parameters.
•

The Ministry of Family and Consumer Affairs

BKP is a member of “Motions og Ernæringsrådet” (www.MERaadet.dk)
•

The Ministry for Employment

BKP is a board member of the “Forebyggelsesfonden”
•

The Prime Minister’s Office

BKP was invited to participate in the “Kvalitetsreformen” (www.kvalitetsreform.dk) and BKP has
participated on the panel for “Altinget”.
•

The Ministry of Culture

In 2006 BKP received the Ministry of Culture’s “Idrætspris”.
•

Other commitments

In addition, BKP is
• Chairman of the Research Council of Rigshospitalet.
• Member of the Research Council of H:S – Copenhagen Hospital Corporation (now RegionH).
• Coordinator of The Muscle Cluster at The Faculty of Health, University of Copenhagen.
• Member of the Medical and Scientific Research Committee of the Novo Nordisk Foundation.
• Board member of the Crown Prince Frederik and Crown Princess Mary Foundation.
Enclosed please find a list (incomplete; enclosure 1) of the talks on a broad variety of subjects within
the framework of CIM that BKP has given in 2006 to local authorities, governmental agencies, scientific
societies, private companies, hospital departments, school teachers, school children and their parents,
etc.

Industrial partners
Novozymes (Lene Lange, Kirk Schnohr) contribute with techniques and expertise on research using
the sequence signal trapping method. We have had several meetings and interact on a weekly basis.
Astra Zeneca, Sweden, Unilever, UK and Cambridge Technology), UK are partners in our EU-FP6 funded
collaborative EXGENESIS project with whom CIM has established collaboration.

Research education
At Rigshospialet, each PhD-student and Post-doc has a scheduled monthly meeting lasting 90 min
with BKP or one of the other senior partners to ensure that research progresses. Each pre-graduate
student is linked with a post-doc or a more advanced PhD-student.
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BKP is on the board of the Academy of Muscle Biology, Exercise & Health Research (AMBEHR) and
serves as a teacher at this and other PhD-schools.
Henriette Pilegaard lectured at
• Steensen Summer School: ” Prevention and investigation of the metabolic syndrome in a
global context”, juni, 2006
• AMBEHR PhD course: ”Muscle Fatigue and ion regulation in skeletal muscle during exercise”,
august 2006
CIM Workshops
CIM workshops are held on a regular basis (in principle every second Friday afternoon). A PhDstudent or a Post-doc presents his/her ongoing work in order to get feedback from other CIM
researchers. The presentations are subsequently circulated by e-mail to all CIM researchers.
CIM Seminars
In addition to the workshops, CIM Seminars are held at regular intervals. Visiting researchers present
results from their on-going research.
In 2006, a total of 25 workshops and seminars were held, including two PhD-thesis presentations
(please also see the enclosed list of CIM workshops and seminars; enclosure 2).

CIM administration
In 2006, three CIM Board Meetings were held on 24/2, 19/5 and 1/12. At the meetings the partners
updated each other on method development and research findings in order to adjust the research
plan when appropriate. In addition, the plans for the first CIM PhD Course and Conference (held in
February 2007) were discussed in detail.

Dissemination of knowledge
CIM researchers have contributed to more than 200 articles in the Danish public press according to
the Infomedia database (2006) as well as radio and TV programmes.
CIM researchers have contributed with approximately 100 talks, which can be classified as research
communication to the public (e.g. politicians, school children and their parents, health personnel
(other than academia) etc
Please also see our enclosed list of publications (enclosure 3).

External funding
In CIM it is considered part of a basic research education to help provide funding for ones research
projects. Thus, all CIM researchers – senior and junior – are continuously encouraged to submit
applications to granting agencies that fund research areas relevant to CIM.
CIM researchers have been successful in obtaining external research funding in 2006. Enclosed is a list
of the successful grant applications (grants to be spent 2006 and onwards; enclosure 4).
In addition, CIM partners and researchers unsuccessfully applied to a number of granting agencies,
most of which are included on an enclosed list (enclosure 5). Please note that the same
agencies/foundations may have granted money to other CIM applications. In general, the reasons for
refusal were not or very poorly stated.
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”Ved underskriften bekræftes det, at beretning og regnskab med tilhørende noter og oversigter indeholder
alle oplysninger, som vedrører årets aktiviteter i Center for Inflammation og Metabolisme under Danmarks
Grundforskningsfond”

Rigshospitalet, den 31. marts 2007

Bente Klarlund Pedersen
centerleder
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Disseminative lectures/talks held by Bente K. Pedersen in 2006 (list not complete).
Dato

Sted/Place

Arrangør/Organiser

Deltagere/Attendants

09.01.2006 Hillerød

Frederiksborg Amt

Læger

10.01.2006 Nyborg

Kommunernes
Landsforenings
Sundhedskonference

11.01.2006 Fredensborg

Anæstesilægeklubben

17.01.2006 København

Det Nationale Råd for
Folkesundhed
Sund By Netværket og
Statens Institut for
Folkesundhed
Sygeplejeskolen i Randers

02.02.2006 Nyborg

03.02.2006 København

Titel/Title

Opfølgning af at udskrive recepter på
motion
kommuner, foreninger,
Kan forebyggelse betale sig, og hvorfor
organisationer, råd, amter,
er det vigtigt at kunne dokumentere
universiteter, pensionskasser, centre effekt?

m.fl.
Læger
?

Politikere, embedsmænd, forskere
m.fl.

Om motion og helbred med vinkel på
operationspatiener
KRAM
Ulykkesforebyggelse

Sygeplejersker, rektorer m.m.

Oplæg om befolkningsudvikling,
folkesundhed, sundhedsfremme og
forebyggelse
07.02.2006 Hårup Skole
Skolebestyrelsen
Forældre, lærere
Børn og motion
20.02.2006 Rigshospitalet Klin Fys Afd
Læger
Fysisk aktivitet og sundhed
28.02.2006 København
Falck Health Care
Aktører inden for sundhed og
Faldende fitness-og fedmefrustrationer –
kommune
inspiration til hvad kommunerne kan
gøre
03.03.2006 Bispebjerg
Bispebjerg Hospital
Læger og fysioterapeuter
Betydning af fysisk aktivitet hos ældre
07.03.2006 Sorø
Falck Health Care
Aktører inden for sundhed og
Faldende fitness-og fedmefrustrationer –
kommune
inspiration til hvad kommunerne kan
gøre
08.03.2006 København
DSInfM
Læger
?
10.03.2006 København,
Dansk Sygeplejeråds Fagdag Sundhedspolitiske beslutningstagere Danmark har ondt i folkesundheden
Christiansborg
17.03.2006 København
Dansk Endokrinologisk
Selskab
24.03.2006 Sørup
Helsingør Kommune

på forskellige niveauer
Læger

Fysisk aktivitet og inflammation

politikere

Konsekvenser for borgerne, hvis den

31.03.2006
04.04.2005
11.04.2006
25.04.2006
27.04.2006

Herregaard
Ringsted
Århus
Viborg
Hvidovre
København
Brønderslev,
Nordjylland
København

28.04.2006 København

02.05.2006
05.05.2006
09.05.2006
15.05.2006

Frederiksberg
Odense
Slagslunde
Roskilde

29.05.2006 Ballerup
08.06.2006 København

forebyggende indsats ikke prioriteres
Fotoskoler

PR for fotokonkurrencen

Hvidovre kommune
Projekt UDENFOR
Lægekredsforeningen

200 ledere i kommunen
?
Region- og kommuneforening

?
Børn og fysisk aktivitet
børn og fysisk aktivitet?

Institut for
Kompetenceudvikling
Danmarks Forskningspolitiske
Råd
Konference om opfølgning på
evaluering af dansk
forskeruddannelse

Leverandører til sundhedsområdet

Sundhedsfremme på arbejdspladsen

125 universitetsrektorer og dekaner,
repr. for forskningsrådssystemet,
sektorforskningen,
interesseorganisationer inkl. ph.d.netværkene samt de
forskningsfinansierende ministerier
Frederiksbergborgere
Forskere og pressen
Lærere
PhD-studerende

Evaluering af forskeruddannelsen

Hjerteforeningen
Videnskabsministeriet
Slagslunde Skole
DIRAC

19.06.2006 Skodsborg

Ballerup Kommune
Steensens Summer School,
Copenhagen University PhD
courses
Branchearbejdsmiljørådet

22.06.2006 København
21.08.2006 Bagsværd

Lægeforeningen
Novo Nordisk

Arbejdsgiver- og
arbejdstagerorganisationer
Bestyrelsen
Medarbejdere

23.08.2006 Århus
24.08.2006 LyngbyTårbæk
25.08.2006 København

DIRAC
Kommunen

30 ph.d.-studerende
200 kommunalt ansatte m.m.

31.08.2006 København

Nationale Råd for
Folkesundhed
Veluxfondene

Kommunalbestyrelsen
Ph.d.-studerende

Motion og hjertet
Forskningsformidling
Børn og Motion
The inflammatory response and
inflammatory markers – an overview
Sundhedspolitiske udfordringer
Muscle, inflammation and metabolism
Fysisk aktivitet
Social Ulighed i Sundhed
Motion – hvad har det med fysisk og
psykisk velvære at gøre?

Fotokonkurrence
Bestyrelsesmedlemmer m.m. 35

Motion og Sundhed – hvor kan
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04.09.2006 København
06.09.2006 Gentofte

Panum Instituttet
PKA

personer
Civilingeniørstuderende
PKA bestyrelse

Veluxfondene gøre en forskel?
Patofysiologi
Levetid

18

06.09.2006

07.09.006
12.09.2006
12.09.2006

19.09.2006

21.09.2006
22.09.2006
22.09.2006
22.09.2006
28.09.2006
29.09.2006
02.10.2006

03.10.2006
04.10.2006
10.10.2006

1100 forskere
Ministeriet for Videnskab,
Teknologi og Udvikling
c/o Teknologisk Institut
Konference om 7.
rammeprogram
København
Det Natioanle Råd for
Fokesundhed
Lundbeck,
Connect Danmark – Meet the Business-folk og forskere
Valby
Researcher
Herning
Herning Kommune
120 politikere, embedsmænd,
praktiserende læger,
patientforeninger, frivillige
foreninger, øvrige sundhedsaktører
Nyborg
Arbejdsmiljørådgiverne - BST 300 forskere, rådgivere,
Foreningen
arbejdsmedicinere, arbejdstilsynet,
arbejdsmiljøinstituttet, virksomheder,
arbejdsmiljøundervisere m.fl.
Amager
Distriktspsykiatrisk Center
200 patienter og pårørende
Odense
Wyeth Academi
400 praktiserende- og speciallæger
Vejle
Dansk Tandlægeforenings
100 tandlæger
Odense
CVU
30 CVU’ere
Århus
Indenrigs- og
Sundhedsministeriet
Greve
Social- og Sundhedsforvaltn. 100 af kommunens chefer
Greve Kommune
Helsingør
Branchearbejdsmiljørådet
Rådsmedlemmer fra forskellige
Social og Sundhed
arbejdsgiver- og
arbejdstagerorganisationer
Lyngby
Lyngby Tårbæk Kommune
Lokalpolitiske råd, kommunallæge,
HR-personer
København
Københavns universitet –
200 forskere
International Symposium
København,
Danmarks
200 forskere/politikere
Christiansborg Grundforskningsfonds
Forskningspolitiske
Købehavn
Bellacenteret

Forskerteam tager pulsen på sund
livsstil med fokus på molekylære
mekanismer

Livsstilssygdomme
?

Fokus på de arbejdsmiljøproblemer, der
koster sygdom og død
Motion og sundhed
Tag ansvar!
Fprenuggeæse
KRAM
Gang i Danmark – KRAM
Greve Kommune – forebyggelse i
verdensklasse
Arbejdsmiljø og sundhed
Livsstilssygdomme og KRAM
Ageing and inflammation – the role of
skeletal muscle
Forskningsformidling med særlig vægt
på elitecentres rolle
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København

Symposium
Københavns Universitet

26.10.2006
28.10.2006

Nyborg

Helse
Konference - Radikale

07.11.2006
13.11.2006
16.11.2006

Fredensborg
København
København

16.11.2006

Vejle

17.11.2006
17.11.2006
19.11.2006

København
København
Middelfart

21.11.2006

Skejby

22.11.2006

København

22.11.2006
25.11.2006
06.12.2006

København
Nyborg
København

Dansk Arbejdsgiverforening
PKA
Det Nationale Råd for
Folkesundhed
Skørping Kommune, Børneog Kulturchef Foreningens
Bestyrelse
PKA
Gigtforeningen
DGI Gymnastik
Foreningsudvalg
FADK – Foreningen af
Danske Kostvejledere
Rigshospitalet, Nefrologisk
Klinik - Akursus
PKA
Dansk Firmaidrætsforbund
Rigshospitalet

08.12.2006

København

25.10.2006

11.12.2006 København
Niels Bohr
Inst.ituttet
13.12.2006

Studerende på bachelorkandidat uddannelsen i
folkesundhedsvidenskab

fysisk aktivitet og helbred

Ca. 30 politikere

Forebyggelse – vejen til lighed i
sundhed
Folkesundhed og arbejdsmiljø
Levetid

Ca. 30 arbejdsgivere
100 PKA-repræsentanter

?

Aktive børn er sunde børn / Dovne børn
bli'r dumme børn

100 PKA-repræsentanter
?
200 største gymnastikforeninger

Levetid
Kan man løbe fra gigten?
Recept på motion

120 kost- og ernæringspersoner

Hellere fed og fit end tynd og tam

Læger

Inflammatoriske markører ved diabetes
Levetid
?
Motivationssamtalen

Mandag Morgen

100 PKA-repræsentanter
?
Læger, sygeplejersker, terapeuter,
jordemødre osv.
?

DIRAC

?

Rigshospitalet Afdeling M

Læger, sygeplejersker

Forebyggelse
The role of myokines in diabetes

Hvad er center for Inflammation og
metabolisme?
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CIM Workshops and Seminars 2006
Friday January 13th:
“Insulin resistence during sepsis: Role of cytokines, free fatty acids and insulin”
Rikke Krogh Madsen, CIM/RH
Friday, February 10th:
"IL-18 and insulin resistance - which pathways to consider?"
Birgitte Lindegaard and Christian Fischer, CIM/RH
th
Friday, February 17 :
“The Diabetes Cohort; an update"
Anders Rinnov Nielsen and Christian Fischer, CIM/RH

Friday, February 24th 2006:
A) "Long-term consequences of poliomyelitis; a study based on hospital records from the
Blegdamshospital, Copenhagen"
Nete Munk Nielsen, SSI
B) "Brain-derived-neutrophic-factor (BDNF); a player in insulin resistance?"
Karen Krabbe, CIM/RH
Friday, March 10th:
"Gene responses of metabolic and metabolically related genes i adipose tissue"
Lotte Leick, CIM/AKI
Friday, March 24th:
"HIV, Schistosomiasis, and Inflammation"
Christian Erikstrup, CIM/RH
Friday, April 7th:
"Characterization of BDNF peptide mimetics in CNS de- and regeneration"
Martin Volmer Pedersen, CIM/Panum
Friday, April 21st:
"Regulation of IL-6 and leptin by exercise"
Pernille Keller, CIM/RH - PhD-thesis Defence.
Friday, May 19th
A) "Cytokine polymorphisms as risk factors in cognitive decline and physical disability in the
1905-cohort"
Karen Andersen-Ranberg and Lene Christiansen, CIM/SDU, Helle Bruunsgaard, CIM/RH
B) "Gene transfection of muscle tissue by electroporation"
Pernille Højman Møller, Lab. of Oncology, Herlev Hospital
Friday, June 9th:
"Cytokineautoantibodies, basal and clinical aspects"
Morten Bagge Hansen, dr.med., Klinikchef, Blodbanken, Rigshospitalet
Friday, August 11th:
"Different properties of subsarcolemmal and intermyofibrillar mitochondria"
Peter Adhihetty, post doctoral fellow, York University, Toronto, Ontario, Canada

Friday, August 25th:
A) "RBP4 - a new protein of interest for CIM"
Christian Erikstrup, CIM/RH
B) "How to measure insulin resistance in cohort studies?"
Christian Fischer, CIM/RH
Friday, September 8th:
"The effect of endurance and resistance training on insulin sensitivity in patients with HIVlipodystrophy "
Birgitte Lindegaard, Thomas Hansen, Thine Hvid, CIM/RH
th
Monday, September 18 :
"The Diabetes Cohort Study"
Anders Rinnov Nielsen, CIM/RH

Tuesday, September 26th:
"Physiological thermotolerance: barrier integrity, endotoxin resistance, and protein folding"
Dr. Pope Moseley, Univ. of New Mexico School of Medicine, Albuquerque, USA.
Friday, September 29th:
"The in vivo LPS cytokine response and it relation to cytokine gene polymorphism"
Karen S. Krabbe and Sarah Taudorf, CIM/RH
Friday, October 6th:
"PINK1 - A novel mitochondrial protein"
Camilla Scheele, Ph.D.-student, Center for Genomics and Bioinformatics & Department of Physiology
and Pharmacology, Karolinska Institute, Stockholm, Sweden.
Friday, October 13th :
"TNFa's effects on muscle and adipose tissue - in relation to low-grade inflammation”
Peter S. Plomgaard, MD, CIM/RH. Ph.D thesis defence
Friday, November 10th:
"PDH regulation in human arm and leg skeletal muscles"
Kristian Kiilerich, CIM/AKI
th
Friday, November 24 :
"Brain targeted expression of IL-6 decreases fat diet-induced body weight gain and alters
glucose metabolism in a gender-specific manner"
Sergi Florit, Ph.D.-student, Institut de Neurociències, Universitat Autònoma de Barcelona, España:

Friday, December 1st:
"Cardiovascular effects of an acute systemic low-level elevation of tumor necrosis factor-alpha
at rest and in response to insulin stimulation in humans"
Christian Fischer, Ph.D., post doc, CIM/RH
Monday, December 4th:
"Study of the cardiometablic syndrome in rats"
Frank W. Booth, Professor, Depts. Biomedical Science and Med Pharmacol and Physiol., Dalton
Cardiovascular Institute, Univ. of Missouri, Columbia, MI, USA
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Articles related to the CIM research plan
published in the period of July 1st 2005 to December 31st 2006

Theses
2005
Fischer CP. Interleukin-6 as a hormone - role in exercise and insulin resistance. PhD thesis. Defended
2nd December 2005 at the Faculty of Health Sciences, University of Copenhagen.
Keller C. Metabolic regulation of the IL-6 response to exercise. PhD thesis. Defended 11th November
2005 at the Faculty of Health Sciences, University of Copenhagen.
2006
Bruunsgaard H. The clinical impact of systemic low-level inflammation in elderly populations - with
special reference to cardiovascular disease, dementia and mortality (Doctoral thesis). København:
Lægeforeningens Forlag, 2006. Defended June 2006 at the Faculty of Health Sciences, University of
Copenhagen.
Keller P. Regulation of IL-6 and leptin by exercise (PhD thesis). København: Eget forlag, 2006.
Defended April 2006 at the Faculty of Health Sciences, University of Copenhagen.
Plomgaard P. TNF-alpha's effects on muscle and adipose tissue - in relation to low-grade
inflammation (PhD thesis). København: Eget forlag, 2006. Defended October 2006 at the Faculty of
Health Sciences, University of Copenhagen.

Original articles (all articles have been peer-reviewed)
2005
Espejo C, Penkowa M, Demestre M, Montalban X, Martinez-Caceres EM. Time-course expression
of CNS Inflammatory, neurodegenerative tissue repair markers and metallothioneins during
experimental autoimmune encephalomyelitis. Neuroscience 132; (4): 1135-1149, 2005
Fischer CP, Perstrup LB, Berntsen A, Eskildsen P, Pedersen BK. Elevated plasma interleukin –18 is
an inflammatory marker of insulin-resistance in type 2 diabetic and non-diabetic humans. Clin Immunol
117; Nov (2): 152-160, 2005
Hiscock N, Fischer CP, Sacchetti M, van Hall G, Febbraio MA, Pedersen BK. Recombinant human
interleukin-6 infusion during low-intensity exercise does not enhance whole body lipolysis or fat
oxidation in humans. Am J Physiol Endocrinol Metab 289; Jul (1): E-2-7, 2005
Jørgensen SB, Wojtaszewski JFP, Viollet B, Andreelli F, Hellsten Y, Scherling P, Vaulont S,
Neufer PD, Richter EA, Pilegaard H. Effect of -AMPK knockout on exercise-induced gene
activation in mouse skeletal muscle. FASEB J 19; Jul (9): 1146-1148, 2005

Keller C, Steensberg A, Hansen AK, Fischer CP, Plomgaard P, Pedersen BK. Effect of exercise,
training, and glycogen availability on IL-6 receptor expression in human skeletal muscle. J Appl Physiol
99; Dec (6): 2075-2079, 2005
Keller P, Keller C, Steensberg A, Robinson LE, Pedersen BK. Leptin gene expression and systemic
levels in healthy men: Effect of exercise, carbohydrate, interleukin-6, and epinephrine. J Appl Physiol
98; Dec (5): 1805-1812, 2005
Keller P, Penkowa M, Keller C, Steensberg A, Fischer CP, Giralt M, Hidalgo J, Pedersen BK.
Interleukin-6 receptor expression in contracting human skeletal muscle: regulating role of IL-6.
FASEB J 19; Jul (9): 1181-1183, 2005
Krabbe KS, Reichenberg A, Yirmiya R, Smed A, Pedersen BK, Bruunsgaard H. Low dose
endotoxemia and human neuropsychological functions. Brain, Behav, Immunol 19; Jul (5): 453-460,
2005
Lundby C, Nordsborg N, Kusuhara K, Kristensen KM, Neufer PD, Pilegaard H. Gene expression
in human skeletal muscle: alternative normalization method and effect of repeated biopsies. Eur J
Applied Physiol 95; Oct (4): 351-60, 2005
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