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1. BBackground for the Danish Diabetes Academy 
 

Diabetes mellitus – both type 1 diabetes (T1D) and type 2 diabetes (T2D) - is a widespread 

disease increasing rapidly worldwide. The prevalence increases with around 5 % per year and is 

close to 10 % for adults worldwide. We are therefore approaching 300,000 diabetics in Denmark, 

thus creating a great challenge – both socioeconomically and medically.  

 

Type 1 diabetes (T1D) 
In Denmark, we have around 25,000 T1D patients of which some 20 % are under the age of 18. 

The disease is presumably caused by an autoimmune process in which the T cells kill the beta 

cells causing insulin production to end. The realisation of T1D being an autoimmune disease is 

especially thanks to large research achievements in Denmark in the 1970s (Nerup J et al, Lancet 

1974; 2:864-866). Despite this realisation, we have not succeeded in preventing T1D even though 

the cellular mechanisms underlying the beta cell death have been thoroughly described. This is 

due to the fact that the antigens starting the autoimmune process have not yet been identified. 

Therefore, no signs exist indicating that T1D can be cured even though treatment with insulin-

producing stem cells could be a possibility – in this area, Denmark is also in front and recently, a 

Danish stem cell centre has been created with the objective, among others, to develop insulin-

producing cells, e.g. from embryonic stem cells. Even though the disease cannot be cured, recent 

years have presented an obvious improvement of the prognosis ensuring T1D patients – who 

before the discovery of insulin only lived for three months - an expected life expectancy of around 

one to four years shorter than non-diabetic patients. This improvement is naturally obtained by 

better forms of insulin and better diabetes care – another area where Denmark has been in the 

lead. The most important reason for the improvement of the prognosis has, however, been a 

reduction in the risk for developing diabetic nephropathy from a cumulative incidence of 40 % to 

around 15 % (Mogensen CE et al, N Engl J Med 1984: 356-360). This means that today only few 

T1D patients end up with end stage renal failure – especially thanks to efficient blood pressure 

(BP) treatment (Parving HH et al, Lancet 1983; 28:1175-1179). The first studies of this kind were 

carried out in Denmark and are now the standard procedure worldwide. T1D reduces life quality 

and it is therefore essential to help diabetic patients obtaining better everyday life through stable 

blood glucose values and fewer hypoglycaemic attacks. This can, among others, be obtained by 

employing insulin pumps, as shown by the first controlled studies in Denmark already in the 1980s 

(Lauritzen T et al, Lancet 1983; 1:1445-1446). Today, around 10 % of all T1D patients in Denmark 

employ insulin pumps and more and more patients will also have the possibility for measuring 

blood glucose levels through continuous glucose monitoring (CGM) systems (CGMS). In the long-

term, the aim is to have a closed loop system allowing the blood glucose levels to control insulin 

induction. A project supported by the Juvenile Diabetes Research Foundation (JDRF) has, among 
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others, shown this (The JDRF Continuous Glucose Monitoring Study Group, N Engl J Med 

2008;359:1464-1476). Further research is still to be carried out before reaching the goal of near 

normal blood glucose values for all T1D patients. Another great success in the treatment of T1D 

was the dramatic decline in diabetic patients becoming blind. This decline was achieved thanks to 

efficient laser treatment and screening by retina photography – an area where Denmark also 

showed the way. One of the greatest achievements in T1D is the results obtained in pregnant T1D 

patients. Within 50 years, the prognosis has improved from a situation where most children of T1D 

mothers died and until today where the perinatal mortality is close to the findings in non-diabetic 

subjects. The pioneer in this area was a Dane – Professor Jørgen Pedersen (Pedersen J et al, The 

Pregnant Diabetic and her Newborn. Problems and Management. 1st edition Munksgård 1967).  

 

TType 2 diabetes (T2D) 
In Denmark, almost 250,000 patients suffer from T2D. Furthermore, a large group of people suffer 

from undiagnosed diabetes, but have an increased risk of especially cardiovascular disease, 

cancer and diabetic complications. Thus, a great challenge for society is both prevention and 

treatment of this widespread disease. T2D often has its onset in middle-aged people around the 

age of 50, but it has been found in all ages, and today in children as well! Today, a T2D diagnosis 

is said to reduce the expected life span with around seven years in average. The disease also 

causes a long range of serious complications, of which cardiovascular disease is the most 

common, such as myocardial infarction, stroke and amputation of the lower extremities, but also 

microangiopathic complications such as retinopathy, neuropathy and nephropathy. The number of 

patients suffering from these complications are even increasing along with the increased life 

expectancy, and in the United States, T2D is the most common cause of end stage renal failure. 

T2D patients are more often affected by cancer disease, which has now proven to be as common 

a death cause as cardiovascular disease. Linked to this are overweight, hyperinsulinism and 

maybe also some of the medications used today in treatment, thus calling for a thorough 

investigation.  

 

T2D is not an autoimmune disease, but an insulin resistance (IR) disease meaning that the effect 

of insulin on glucose metabolism is reduced, especially in muscle and liver. The insulin-mediated 

glucose uptake is reduced in the muscles while glucose production in the liver is increased, leading 

to hyperglycaemia, but not until the beta cells no longer can compensate for IR. The beta cells 

become “exhausted” in time, i.e. the beta cells are exposed to apoptosis and autophagy. T2D 

seems to develop in subjects where the fat cells no longer can store triglyceride, thus creating an 

accumulation of ectopic fat in muscle, liver and also in the beta cells, further leading to both IR and 

reduced insulin secretion. While IR is mostly of exogenous origin, i.e. secondary to obesity, the 

reduced insulin secretion pattern seems, to a great extent, to be genetically determined. The 
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disease is therefore found among 10-20 % of obese, genetically disposed persons only. A large 

number of these genes are known today, and also in this area Denmark has played an important 

role (Pedersen O et al, Nature Genetics 2009; 41:89-94). The complications of T2D are not only 

hyperglycaemia, but also dyslipidemia (increased triglyceride and reduced high-density lipoprotein 

cholesterol) and arterial hypertension – all signs of the metabolic syndrome. The disease is 

therefore very complex and difficult to treat.  

 

Danish scientists also play a central role in the exploration of the pathophysiology of T2D. Some of 

the first studies of the phenomenon IR – both of basal and clinical impact – were carried out in 

Denmark: In vivo insulin clamp investigations and in vitro investigation of fat and liver cells 

(Gliemann J et al, J Biol Chem 1978;253:7857-7863). The most significant defect in skeletal 

muscle causing reduced glycogen synthesis, namely the defect in glycogen synthase activity, was 

shown at first in a Danish-American collaboration project (Beck-Nielsen H et al, J Clin Invest 1994; 

94:1714-1721). Furthermore, a large number of studies investigating the cause of beta cell failure 

in insulin resistant subjects were carried out in Denmark (Nielsen JH et al, Diabetes 2006; 

55:2705-2712). In recent years, Danish studies by Professor Jens Juul Holst have been in the lead 

in uncovering the role of glucagon-like peptide 1 (GLP-1) in the development of T2D and now also 

in the treatment of the disease with GLP analogues (Holst JJ et al, Physiol Rev 2007;87:1409-

1439).  

 

The prognosis for T2D patients has improved significantly through the past ten years, and today 

these patients have an excess mortality of around 60 %, while previously of around 200-400 %. 

This improvement is not at least thanks to better diabetes care, better organisation focused on the 

individual patient’s self care, but also thanks to improved diabetic glucose regulation and 

dramatically improved treatment of both dyslipidemia and hypertension. The Steno2 study has 

been a landmark study in this area (Gaede P et al, New Engl J Med 2008; 358:580-591). This 

study showed that a multifactorial approach to treatment was necessary. This approach, however, 

lead to polypharmacy (often patients are treated with more than 10 different medications every 

day) and recently, the benefit of precisely polypharmacy has been questioned. The price in the 

form of severe side-effects, such as hypoglycaemia, can be too high and this area calls for further 

investigation. Danish studies also showed the effect of lifestyle changes, such as weight reduction 

through low fat diet (Beck-Nielsen H et al, Acta Endocrinol (Copenh) 1979; 90:103-112). Lately, 

several companies including Novo Nordisk have introduced GLP-1 analogues for the treatment of 

T2D, causing an improved glucose metabolism but also a reduction in body weight, thus showing 

to be especially efficient in overweight persons having difficulties in loosing weight.  

 



11-07-2012 Danish Diabetes Academy application to the Novo Nordisk Foundation 6

As it appears from the above, we have made good progress in diabetes treatment – especially in 

Denmark. However, with increasing diabetes prevalence we face an even greater challenge, which 

can only be solved through an extraordinary research effort. This is therefore the objective of 

establishing the Danish Diabetes Academy, further ensuring the high level of research and 

treatment of diabetes in Denmark.  

 

 

2. OObjectives of the Academy 
 
The objectives of establishing the Academy are therefore: 

 

• To enhance the quality of Danish diabetes research and ensure that it remains at the 

highest international level in the future. 

• To strengthen the talent pool and to build up a career direction for young researchers within 

the field of diabetology. 

• To attract outstanding researchers both nationally and internationally. 

• To strengthen research training in the field of diabetology.  

• To catalyse the establishment of a national, dynamic, creative and internationally oriented 

research environment in diabetology. 

• To strengthen networking, knowledge sharing and collaboration within Danish diabetology.  

 

Furthermore, the Academy will make a platform for both national and international fundraising 

activities to strengthen research, research training and educational activities in the field of 

diabetology.  

 

These objectives will be ensured for both T1D and T2D by improving the research environment in 

Denmark giving the best talents the possibility to train through participation in research at a high 

international level and presenting the talents with a clear career direction. Thus, Danish diabetes 

research will strive after the highest international standard.  

 

Our intention is that the Academy will be a beacon within academic medicine and thus a role model 

for other scientific areas.  

 

The Academy will build upon the successful Danish PhD School of Molecular Metabolism and use 

the managerial and administrative experience gained through that organisation, which is hosted by 

Odense University Hospital and headed by Professor Henning Beck-Nielsen.  
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It is, however, essential to aim for an even higher international level of Danish diabetes research. 

Therefore, the Academy will go further than the Danish PhD School of Molecular Metabolism by 

extending its activities to involve all researchers in diabetology – both nationally and internationally 

– and by offering pregraduate scholarships as well as postdoctoral and professor positions in 

addition to PhD fellowships. Thus, the Academy will focus on talent development already at 

pregraduate level, aim to strengthen the PhD education, introduce an international postdoc 

platform and ensure career directions for the best talents such as professor positions.   

 

The transition from PhD school to Academy will take place gradually, as described in Appendix 1.  

 

Finally, the Academy will benefit from collaboration with the Danish Centre for Strategic Research 

in Type 2 Diabetes – DD2, which is established and funded by the Danish Agency for Science, 

Technology and Innovation. This project is also managed from Odense University Hospital and 

headed by Professor Henning Beck-Nielsen and has the potential to be one of the most important 

type 2 diabetic projects worldwide. 

 

 
3. Talent development in the Academy 

 
To guarantee that Danish diabetes research maintains its position in the international frontline and 

to ensure a continuous development in the field, a focused strategy of talent spotting and 

development at all levels is essential. The talent strategy and “what are we looking for” will be 

defined by the Academy Board based on advice from the international Advisory Board, who will 

meet once a year for evaluation of the talent strategy. Based on that, the strategy will be improved 

continuously. 

 

The Academy wishes to build up a strategy to attract potential pregraduate students interested in 

diabetes research. The talents will be selected among medical students and Master of Science 

students to follow a formalised “research year” or a master project. The most talented of these 

students will be encouraged to apply for a fellowship through the PhD programme during the 

“research year” or while working with their master project. One way to reach potential young 

pregraduate talents is by “research dating” within the Academy twice a year. This is a forum in 

which interested pregraduate students can meet supervisors looking for students interested in 

science. 

   

The best among pregraduate students combined with a strategy to recruit the best talents among 

postgraduate students nationally and internationally will together give the Academy a “critical 
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mass” of talent pool for focused talent development at the postgraduate level. The Academy will 

therefore also need to search among international candidates by using the international network in 

the Academy and by advertising openly and internationally.  

 

Within the frame of the Academy the best talents will have the possibility to continue at university 

level at an institute, hospital or another research institution. Each track will be open for all talents, 

both national and international, and not only those receiving a degree sponsored through the 

Academy, thus ensuring that the Academy only recruits the best talents at each level.  

 

International research experience and collaboration are important and to proceed to a position as 

associate professor or chief physician may require international experience. A visiting stipend 

programme will be open to outstanding international investigators (at a professor level), that wishes 

to conduct research at the universities and the hospitals (Visiting Professor Programme). 

 

In order to ensure talents of the Academy the best possible international research experience, an 

International Research Partnership (IRP) programme has been designed with JDRF. It strives to 

offer postdoctoral training in laboratories of outstanding international diabetes scientists and to 

establish a formal relationship between the Academy and these scientists. The IRP is based on 

match funding and is described in Section 4. 

 

The career track in the Academy will be as flexible as possible. To create the best synergy 

between research and clinic, it will be possible to combine research activities with clinical work – 

where feasible – at any level. Thus, a PhD fellowship, a postdoctoral position or a position as 

associate professor could be combined with a clinical position, and to ensure integrative projects 

with the health care system, some of the career development tracks will be launched as combined 

research/clinical positions. This will also serve to attract medical doctors that may otherwise 

exclude science for clinical work.  

 

The Academy is convinced that the talent pool is large enough to feed the Academy each year with 

highly qualified candidates for the PhD and postdoc stipends and that a career opportunity will be 

available for the selected ones, as outlined in Figure 1 (see next page).  
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Figure 1: Estimation of career opportunities for the students educated within the Danish 
Diabetes Academy - an example 
 

 
Our goal is to create 75 pregraduate scholarships, 90 PhD fellowships, 50 postdocs and 4 

professorships over a period of five years. Furthermore a visiting programme (each of 3-6 months) 

will be open for international professors that wish to conduct their research in Denmark for a 

shorter period of time.  

 

Several PhD fellows, postdocs and professors are expected to become members of the Academy, 

but financed by other funding sources 

 

The NNF is asked to finance 90 x 1/3 PhD fellowships (each of three years duration), 35 postdoc 

positions (each of three years duration), 25 full time equivalents postdoc positions (match funding 

with JDFR) and two basic science professorships (each of five years duration). Furthermore the 

NNF is asked to finance 10 visiting professor programmes (each of 3 months).  

 
 

4. Collaboration within the Academy 
 
The activities of the Academy should catalyse collaboration and synergy among the research 

groups in Denmark. The Academy will therefore be open to all diabetes researchers and will 

include collaboration with all Danish research institutions conducting research within the field of 

Industrial postdoc 
positions  

Specialist training 
positions in 
endocrinology 

Postdoc positions at 
basic science 
departments at the 
universities and the 
university hospitals 

Postdoc positions at 
the Academy 

PhD 
candidates  

Industrial 
researchers 

Clinical chief 
physicians in 
endocrinology  

Associate 
professors  
 
Senior 
researchers 

Associate 
professors 
within the 
Academy 

 
 
Basic 
science 
professor  

Clinical 
professor in 
diabetes  

Pregraduate 
scholarships in 
diabetes from 
the Academy 

Other national 
and 
international 
candidates 



11-07-2012 Danish Diabetes Academy application to the Novo Nordisk Foundation 10

diabetology, e.g. the faculties of health sciences, the faculties of science and other faculties of the 

Danish universities, university hospitals and other Danish hospitals, among others (the list is not 

exhaustive). Through the PhD fellowships, career paths and competitive research activities, the 

Academy will together with Danish research institutions, the NNF centres and international 

partners integrate achievements in Denmark to find new solutions for combating different aspects 

of T1D and T2D. Figure 2 illustrates this. 

 

Figure 2: Academy collaborators 
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4A. Collaboration between the university faculties and the Academy 
Since the main topic of the Academy is research and education, a close collaboration with the 

faculties of health sciences and the faculties of science at the Danish universities is obvious. The 

universities enrol PhD students and appoint professors, and naturally the Academy expects the 

universities to co-finance the scholarships for pregraduate students and PhD students and to 

provide offices for research facilities (see Appendices 2 and 3).  

All positions can be co-financed by the universities, other foundations or other external sources, 

and all positions are open to all diabetes researchers – both nationally and internationally.  

 

In fact, four faculties (the faculties of health sciences at Aarhus University and the University of 

Copenhagen and the faculties of science and health sciences at the University of Southern 

Denmark) have accepted to co-finance up to 30 x 1/3 PhD scholarships per year in three years i.e. 

in total 90 full-time equivalents. Other universities and faculties may also join and co-finance.  

 

The universities will ensure that all positions are appointed at the universities according to the 

Regulations in the Ministerial Order on Appointment of Academic Staff at Universities.  

 

Further information about procedures for the recruitment of researchers to the Academy can be 

found in Section 6.  

 

The details of the collaboration with the universities will be negotiated with the deans and the 

heads of the PhD graduate schools of the faculties when the Academy starts. 

 

We also refer to Appendices 2 and 3 – Letter of support from the Deans of the three faculties of 

health sciences at the three universities involved and letter of support from the Head of 

Department at the Department of Biochemistry and Molecular Biology. 

 

4B. Collaboration between the university hospitals and the Academy 
The Academy will also collaborate with the three university hospitals and other Danish hospitals.  

 

The three university hospitals have all agreed to support the Academy, as indicated in Appendix 4 

– Letter of support from the CEO of the Capital Region of Denmark on behalf of the five Danish 

regions. In addition, other Danish hospitals may also join the Academy on the basis of research 

projects in the field of diabetology.  
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In addition, Odense University Hospitals is suggested as host institution for the Academy and will 

thus provide facilities for the Academy secretariat (see Appendix 5). For further details, see Section 

8.  

 
4C. Collaboration with JDRF 
JDRF’s (www.jdrf.org) research funding priorities are highly aligned with the T1D work packages 

(WPs) of the Academy. Through these activities, JDRF has an extensive insight into the T1D 

worldwide landscape and emerging opportunities and has a network with all leading scientists in 

the field. The collaboration with JDRF will centre around the JDRF International Research 

Partnership programme (explained in the following) and the Danish JDRF research projects. For 

further information, see Appendix 6 – Letter of support from JDRF. 
 

JDRF International Research Partnership Programme 

• The International Research Partnership (IRP) programme (as mentioned in Section 3) will 

provide access to outstanding diabetes scientists outside of Denmark, conducting state-of-the-

art JDRF-funded research projects. JDRF will supply a list of all JDRF-funded scientists and 

their research projects, and the Academy and JDRF can jointly select the scientists for a formal 

position of affiliation with the Academy. Participation is subject to approval by the individual 

scientist.  The Partnership programme will include 

1. Adjunct appointment for the selected scientist at one of the three universities 

(Copenhagen, Aarhus or Odense) represented in the Academy and faculty membership 

in the Academy. 

2. Training opportunity for the Academy’s postdocs’ in the selected scientist’s laboratory. 

3. Annual visit to Denmark for the selected scientist for scientific cross-fertilisation. 

• Co-funding from both JDRF and the Academy of single or multi-investigator research projects 

that have been scientifically reviewed and approved for funding by JDRF to help spur research 

collaborations with Academy scientists.  

• Access to a large number of currently funded JDRF postdoctoral fellows for Academy-

supported senior fellowship positions in Denmark. 

• Co-sponsoring of an annual meeting up to the amount of USD 50,000 with Academy’s PhD’s 

and postdocs and with selected JDRF trainees along with the Academy faculty and selected 

outstanding diabetes scientists outside of Denmark to be held in connection with the annual 

meeting of the European Association for the Study of Diabetes (EASD). The annual meeting 

will be used as an opportunity for the PhD’s and postdocs to present their research, to 

showcase postdoctoral research opportunities inside and outside of Denmark, to present 

exciting new opportunities in diabetes research and to promote scientific collaborations. 
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• Assistance to the Academy with the review of T1D training applications by providing objective, 

external senior scientific review through its network of scientific reviewers on the JDRF Medical 

Science Review Committee. 

 

JDRF Danish Research Projects 
JDRF International will affiliate JDRF-funded research projects to the Academy (subject to 

approval by the individual investigators). This will provide the following to the Academy: 

 

• Access to the laboratories of outstanding JDRF-funded scientists in Denmark as sites for 

Academy-supported PhD and postdoctoral training. 

• Assistance and collaboration with JDRF in designing research projects applicable for 

separate JDRF funding. 

 

4D. Collaboration with the Novo Nordisk Foundation research centres 
The Academy aims for a close collaboration with the Novo Nordisk Foundation (NNF) Center for 

Basic Metabolic Research, the Danish Stem Cell Center (DanStem) and the NNF Center for 

Protein Research.  

 

The Academy will comprise scientists for the three other centres, and the key researchers from the 

NNF Center for Basic Metabolic Research and DanStem will be active in a number of the WPs 

described (Section 5 and Appendix 7).  

 

The collaborating centres will furthermore participate in the two annual meetings arranged by the 

Academy and be included in the teaching staff for the PhD students, while a representative from 

the NNF Center for Basic Metabolic Research will be member of the Academy Board. Thereby, the 

Academy will be able to add to the synergy obtained by collaboration with the NNF centres.  

 

A specific description of the collaboration between the Academy and the NNF Center for Basic 

Metabolic Research and the DanStem can be found in Appendices 8 and 9. 

 
4E. Collaboration with other research institutions 
It is important that the Academy develops a scientific network and relevant partnerships with 

among others the Danish Centre for Strategic Research in Type 2 Diabetes - DD2, Steno Diabetes 

Center, the Danish bio banks and databases.  
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The Academy must inspire to common projects focusing on patient care, treatment and prevention. 

This network will be coordinated by the postdocs employed by the Academy.  

By collaborating with DD2, the Academy researchers will have access to at least 50 % of all newly 

diagnosed type 2 diabetic subjects in Denmark within the next five years corresponding to around 

5,000 patients with diabetes – an obvious opportunity for the Academy and the researchers.  

 

4F. Collaboration with patient organisations 
JDRF is a layman organisation and has contact with diabetes patients worldwide and will therefore 

coordinate our common efforts internationally. In Denmark, the Academy will collaborate with the 

Danish Diabetes Association in order to obtain input from them and their members (diabetes 

patients) on the research performed within the Academy. The researchers of the Academy need to 

involve patients in order to focus their projects.  

 

 

5. Scientific areas within the Academy 
 

The research areas of the Academy are described in the following and are composed by a number 

of WPs and scientific issues. See appendix 7 for further description of the WPs.  

 
Background 

Despite extensive research, and recent advances in diabetes research, several aspects of T1D, 

T2D and diabetes in pregnancy remain poorly understood. This includes deficits in knowledge with 

respect to the underlying aetiology and pathogenesis of T1D, T2D and gestational diabetes 

mellitus (GDM), and lack of sufficient know-how to identify specific risk groups, and hence prevent 

and treat diabetes-associated complications and health risks at a much earlier time point. The 

major challenges are to prevent, treat and possibly cure diabetes, as well as premature 

cardiovascular disease and late diabetic complications. This can only be met through increased 

research. While a high degree of existing expertise together with unique opportunities for register-

based diabetes research in Denmark play a leading role in this research effort, continued success 

and progress will depend on increased funding and a more rational use of research funds including 

a better coordination of research across Danish academic and clinical research institutions. 

Moreover, it is important to make diabetes research an attractive scientific field for the most 

talented researchers in Denmark and worldwide.  

 

 

 

 



11-07-2012 Danish Diabetes Academy application to the Novo Nordisk Foundation 15

Five major research areas within the Academy 

A brief introduction to five major areas of research challenges and opportunities in Denmark are 

given below, including T1D, T2D, diabetes in pregnancy, diabetic complications and diabetes 
technology. 

 

1. T1D is an autoimmune disease in which the insulin-producing cells in the islets of 

Langerhans are destroyed by a specific immune-mediated mechanism. The disease is 

characterised by an absolute deficiency for insulin, and patients depend on daily injections 

of insulin for survival. Preservation of some residual beta cell function in T1D was shown to 

have substantial clinical benefits for the patient in terms of reduced short and long-term 

diabetic complications. A possible cure for T1D could be achieved by restoring the 

functional beta cell mass by activating beta cell regeneration in a controlled manner. Our 

efforts will focus on two areas of T1D research in which Danish investigators have a long 

tradition and extensive experience. We will take advantage of the unique Danish Childhood 

Diabetes Registry for identifying factors associated with beta cell function in T1D. In 

addition, efforts will be made in order to identify and characterise factors capable of 

stimulating beta cell growth and inhibiting apoptosis using animal models of T1D and in 

vitro systems. Experimental new technologies will be used in order to replace damaged 

beta cells by stem cell-derived insulin-producing cells. The approaches will, in a 

complimentary fashion, address the possibility of both preserving, restoring and replacing 

(stem cells) beta cell mass.  

2. T2D is caused by a complex interplay between genetic and environmental factors, the latter 

being evidenced by a decreasing age of onset under the influence of Western lifestyle 

factors such as physical inactivity and increased caloric intake. T2D is characterised by IR 

in major metabolic tissues such as skeletal muscle, liver and adipose tissue and failure of 

the pancreatic beta cells to compensate for this abnormality. Recent evidence also 

suggests a role for gut-derived hormones and low-grade-inflammation in the development 

of T2D. A better understanding of the complex pathogenesis of IR and beta cell failure is 

therefore of major importance to improve preventive and therapeutic strategies. The major 

areas of interest for the Academy will be to further characterise the molecular mechanisms 

of IR in skeletal muscle and adipose tissue including the role of adipokines and myokines 

mediating cross-talking between these tissues, and the possibility to increase energy 

expenditure by turning white adipocytes into brown-like adipocytes. Moreover, the 

mechanisms by which physical activity improves insulin sensitivity in high-risk individuals 

and patients with T2D will be studied. Efforts will also be made to understand how nutrient 

overload causes beta cell dysfunction and the role of the small intestine and gut incretin 

hormones in T2D pathophysiology. This is expected to provide novel targets for a more 
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specific treatment of IR, beta cell dysfunction and low-grade inflammation, and thus provide 

better options for the prevention and treatment of T2D and its complications  

3. Diabetes in pregnancy (both T1D and T2D), and to a lesser extent GDM, are associated 

with increased rates of maternal and foetal complications, and evidence clearly shows 

optimised metabolic control during all trimesters of pregnancy to significantly reduce the 

risk of these complications. Recent reports indicate intrauterine hyperglycaemia to 

dramatically increase the risk of diabetes, overweight, the metabolic syndrome and 

cardiovascular disease in the offspring. We will take advantage of a well-established 

collaboration between Danish Centres for Diabetes and Pregnancy to examine the long-

term consequences of a diabetic intrauterine environment in a large cohort of offspring of 

women with T1D. In selected subgroups, we will study the specific molecular signature of 

intrauterine exposure to hyperglycaemia in human tissues and blood, including the role of 

epigenetics and transcriptional changes. Moreover, we will examine the effect of lifestyle 

interventions in obese pregnant women and their offspring.  Finally, the new international 

criteria for diagnosis and the effect of different insulin regimens in women with GDM will be 

evaluated.  

4. Diabetic complications: Having diabetes puts patients at increased risk of premature 

cardiovascular disease and for developing micro- and macrovascular complications 

including retinopathy and nephropathy. Although progress has been made in predicting and 

preventing diabetic complications, the overall mortality among diabetic patients in Denmark 

is around 60 % greater than in the background population. Clinical progress into this area is 

hampered by a lack of tools to detect early markers of many diabetic complications and by 

inadequate tools to treat diabetic complications when identified. Major areas of interest for 

the Academy will therefore be to develop new diagnostic tools to identify diabetic patients at 

high risk of complications and to prevent and treat complications using individualised 

treatment regimes. 

5. Diabetes technology: Suboptimal diabetes control is a major cause of early development 

of diabetic complications. To obtain tight glycaemic control without hypoglycaemia 

throughout a diabetes life is very difficult and almost impossible for most patients with the 

currently available tools. Over the past decades medical technologies have developed 

rapidly and sensor technologies are now available for a number of tasks. A few examples 

are CGMS and smart “insulin pumps” (continuous subcutaneous insulin (CSII)) with the 

possibility to get bolus calculation advices. The JDRF artificial pancreas project already 

shows promising results on this topic. Moreover, telemedicine to secure patient treatment at 

a distance is being introduced in close collaboration with a number of sensor technologies. 

Our efforts will focus on developing a closed loop system for insulin delivery, to optimise the 

patients’ and health care providers’ use of current technologies for support in diabetes 
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treatment decisions, to design and develop new technologies for treatment support 

purposes and to develop information technology (telemedicine). 

 
 

U 

Therefore, the specific scientific aims are to develop novel strategies for the prevention, 

treatment and possible cure of both T1D, T2D and diabetes in pregnancy, based on a better 

understanding of the major pathogenic mechanisms involved in T1D, T2D and GDM, and on 

identification of novel targets for pharmacological treatment, novel biomarkers for earlier 

detection of organ-specific risk factors and diabetic complications. 

 

Selection of research topics 
The 22 WPs mentioned in Appendix 7 represent the top research areas of Danish diabetology, and 

the principal investigators of the WPs represent the most talented young diabetes researchers in 

Denmark. 

 

As stated above, we will focus our research on the following five main topics: Pathophysiology of 

type 1 and type 2 diabetes; diabetes in pregnancy, treatment and consequences; prevention and 

treatment of diabetic complications; and application of diabetes technologies. 

 

Within these areas, five to seven “hot topics” will be selected by the Board in collaboration with our 

international Advisory Board. The major part of the research positions, including the 

professorships, will be advertised under the heading of the “hot topics”.  

 

Project perspectives 
The success of this project depends on the creation of an organisation, the Academy, which will 

constitute an original platform for a national diabetes research strategy that is rational and science-

based, and which will ensure both basic and clinical research in diabetes. The Academy is 

expected to foster enhanced collaboration between Danish diabetes research environments and 

ensure rapid distribution and shared access to novel research results, ideas and technologies, thus 

benefitting other research groups within the organisation. It will help to maintain and recruit highly 

talented researchers to pursue a career within diabetes research, thus improving the 

competitiveness of Danish diabetes research. Together with other NNF centres a new “centre of 

excellence” for diabetes research and treatment will be built up. This will ultimately lead to an 

improved understanding of the aetiological and pathogenic mechanisms and the identification of 

novel targets of treatment and novel biomarkers for earlier detection of diabetes and its 

complications, as well as improved strategies for prevention and treatment - for the benefit of all 

people who have diabetes or are at risk of diabetes. 
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6. Recruitment of researchers to the Academy 
 
The aim of the Academy is to build up a research career path starting already at the pregraduate 

level with one-year scholarships, followed by PhD fellowships, postdoctoral positions and finally, 

the Academy will launch new 5-year  professorships within highly promising research areas.  

 

Pregraduate scholarships 
The Academy aims for about 15 pregraduate scholarships per year, in total 75. They will be funded 

by the universities and other private foundations. We expect that many of these pregraduate 

students will later apply for a PhD fellowship. 

 

To facilitate the integration of the pregraduate scholarship students in the Academy a specific 

forum for these students will be established. The pregraduate scholarship students will attend the 

specific university programmes, ending up with an examination and diploma. Finally, the students 

are expected to participate in seminars, symposia and summer schools offered by the Academy.  

 

PhD scholarships 
The Academy aims for granting a total number of PhD students of around 90 during the first five 

years. To train the PhD students, we will create a national PhD network: The Danish PhD Network 

of Diabetes and Metabolism (further described in Section 7), where the students will follow the 

specific courses offered by this PhD network through its affiliated PhD graduate programmes. 

Furthermore, the students will be affiliated to one of the PhD graduate programmes at the three 

universities, examples are:  

 

• University of Copenhagen: The graduate programme of Basic Metabolic Research headed 

by Professor Torben Hansen.  

• University of Southern Denmark: The graduate programme of Metabolism and 

Endocrinology headed by Associate Professor Kurt Højlund. 

• University of Aarhus: The graduate programme of Metabolism and Endocrinology headed by 

Professor Jan Frystyk 

 

Other PhD graduate programmes may be involved as well.  

 

The PhD fellowships will be advertised twice annually by the Academy in free competition on the 

Academy website, on other relevant websites and in the relevant international journals in order to 

ensure this.  All interested supervisors – nationally and internationally – with a candidate for a PhD 

stipend and a project within diabetology may apply for the fellowships. As mentioned above, an 
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electronic application system will be set up in order to secure smooth administration of the 

applications. The Academy may capitalise on using the NNF electronic application system. The 

evaluation of the applications will be based on external, national peer review, and the Research 

Committee will be responsible for appointing the reviewers. Based on this review, the Research 

Committee will create a rank list for the Academy Board, which will make the final selection. The 

applications will be treated according to the rules and regulations of the universities. 

The selected PhD candidates will together with the supervisor apply for enrolment at a PhD 

graduate school at one of the Danish universities. Each PhD fellowship will be supported with DKK 

550,000 by the Academy corresponding to about 1/3 of the total costs. The grant will be given as a 

guarantee under the condition that the supervisor and the student are able to find the remaining 

financial support within a year. The remaining financial support may be covered by 1/3 from the 

faculty where the student is enrolled and by 1/3 by other foundations (applied for by the student 

and the supervisor). In agreement with the PhD legislation, the universities will enrol the PhD 

students according to the local procedures. Furthermore, the standards for the PhD education, the 

scientific level and the final assessment of the thesis will follow the guidelines given by the faculties 

and the PhD graduate schools at which the PhD student is enrolled.  

 

The specific course programme for the PhD students is under development, see Appendix 10, and 

will be finalised in collaboration with the PhD graduate schools when the Academy starts.  

 

Postdocs 
One of the new and important achievements of the Academy is to put more emphasis on 

postdoctoral positions. We therefore aim for a total number of around 50 postdocs within the 

Academy of which 35 will be funded by NNF grant to the Academy with DKK 600,000 annually for 

three years and, 25 full time equivalents postdoc positions (match funding with JDFR with 20 full 

time equivalents postdoc positions) and the other 17 will be funded by other private foundations. A 

certain number will be allocated to return fellowships for young scientists abroad (“come home” 

stipends). We will also create postdoctoral positions where the work is carried out partly in other 

countries. In that respect, the International Research Partnerships (IRP) programme with JDRF as 

matching fund is promising (see Section 4). In Denmark, postdoctoral positions will be offered for 

both basic and clinical researchers, and in combination.  

 

All PhD and postdoc positions will be announced internationally in free competition by the 

Academy. The positions will be advertised twice annually on the Academy website, on other 

relevant websites and in the relevant international journals in order to ensure this. All interested 

researchers in the field of diabetology – nationally and internationally - may apply for the positions. 

The Academy may capitalise on using the NNF electronic application system as mentioned above. 
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The evaluation of the candidates will be based on expert evaluation, and the Research Committee 

will be responsible for appointing the reviewers. Based on the Research Committee’s internal 

review and the reviews by external experts, the Research Committee will create a rank list for the 

Academy Board, which will make the final selection. The postdocs will be appointed at the 

universities as assistant or associate professor or at the university hospitals. Each postdoctoral 

position is of three years without the possibility of extension by the Academy.  

 

Since the postdocs will work in different labs or departments, it is important to embed the postdocs 

in the Academy by their participation in seminars, symposia, summer schools and through 

common projects. A specific forum for postdocs will be set up in order to facilitate the synergy of 

research within the Academy.  

 

Professorships (five-year positions) 
In order to stimulate young researchers to go into diabetes research, they must be presented with 

the possibility of end positions as a target for their research education. Naturally, the hospitals offer 

chief physician positions and the universities associate professorships, but to increase the 

opportunities we plan to finance and develop two 5-years full professorships in basic science and 

two full clinical professorships in collaboration with the universities. The professorships can be 

used to attract diabetes researchers internationally. The clinical professorships will be appointed at 

the university hospitals in Aarhus, Odense and Copenhagen, whereas the basic science 

professorships will be appointed by the universities. 

 

The professorships (named Danish Diabetes Academy Professorships) will be announced by the 

Academy to the universities, and the universities and the university hospitals will in collaboration 

with the Academy propose the research areas and titles for the professorships. The international 

Advisory Board of the Academy will select the research fields and the title of the professorships 

and the institution where the professorships should be rooted on the basis of the proposals from 

the universities and the Academy. The universities will advertise the professorships, and the 

respective faculties will set up an evaluation committee to perform the evaluation of the applicants. 

Based on this evaluation, the final decision on appointment of the new professors will be taken by 

the respective Dean.  Evaluation and appointment of the professorships will follow the rules of the 

universities.  

 

The appointed professors will have administrative and educational duties in the Academy.  
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Visiting Scientist Programme 
The Academy will invite guest professors for shorter periods on scientific visits in Denmark. The 

Academy will offer grants to cover the costs for professors coming to Denmark. Furthermore, the 

Academy plans to open up for guest professorships for longer periods (three to six months with full 

salary) in order to stimulate the Danish scientific environment. The Academy will offer in total ten 

grants (three months) for outstanding scientists during the five-year period. 

 

In order to internationalise Danish research within diabetology, the Academy will facilitate contact 

to relevant universities and hospitals. The international guest professor grants will be advertised. 

Based on a project plan for the visit and on the qualification of the potential guest professor, the 

Research Committee will select the candidates and make a prioritised list for the decision of the 

Academy Board.  

 
 
Education and scientific training 
As the Academy aims for education and training of research talents, we have developed the 

following programmes: 

• A scholarship programme for pregraduate students: Talented pregraduate medical students 

will be enrolled in a formalised “research year” (as described in Section 3) consisting of 9-

12 months of research, followed by two to three months of report writing. During the year, 

they will get the opportunity to learn about relevant research methods and become familiar 

with the diabetes field. As early as possible during the “research year”, a few courses 

covering basic research tools in science will be offered (statistics, literature search, 

copyright, ethics, etc.) by the faculties of health sciences of the universities involved. The 

“research year” will also be administered by the faculties of health sciences in collaboration 

with the Education Committee of the Academy. Talented master students in the field of 

natural science will have the possibility to work with their master project within the Academy 

through participation in seminars, symposia and summer schools offered by the Academy 

and through participation in the PIs research projects. To ensure that all pregraduate 

students participating in the scholarship programme are closely linked to the Academy, the 

Academy website and modern media, such as Apps and Twitter will be used for 

communication and information, and a specific forum for these students will be established.   
• A PhD fellowship programme: The Danish PhD Network of Diabetes and Metabolism, 

which will be a continuation of the Danish PhD School of Molecular Metabolism, but which 

will be extended to include all talented diabetes researchers and diabetes research groups 

in Denmark. The PhD fellowship programme of the Academy will contribute to the training 

of PhD students by their participation in the research activities of the principal investigators 
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(PIs), while enrolled at the PhD graduate schools of the universities. The PhD programme 

will include courses offered by the Danish PhD Network of Diabetes and Metabolism (see 

Appendix 10).  
• A postdoc programme containing both national and international postdoctoral positions will 

be set up. Some postdoctoral positions will be presented as return fellowships. As 

mentioned above in Section 6, a specific forum for postdocs will be established within the 

Academy. It is expected that the postdocs will participate in The Academy’s common 

projects as well as seminars, symposia and summer schools. 
• The international research programme (the IRP) will be run in collaboration with JDRF, as 

described in Sections 3 and 4.  

• A professorship programme providing our fully educated talents with access to both senior 

research positions and full professorships – both clinical and ordinary professorships (five-

year professorships) – will be initiated by the Academy. The professors working with 

excellent and promising research projects will also participate in the seminars, symposia 

and summer schools offered by the Academy. Some of the professors will also have 

administrative and other educational duties in the Academy, as mentioned in Section 6. 

 

For further training, the Academy will arrange two annual meetings in Denmark, and an 

international symposium will be set up in connection with the annual EASD meeting (as mentioned 

in Section 4). During the year, the Education Committee will arrange regular symposia and 

seminars and a guest professor programme will be introduced.  
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7. Organisation and management of the Academy 
 
The organisation and management of the Academy are shown in Figure 3 (see next page) and 

explained in the following.  

 
Figure 3: Organisational chart of the Academy 
 

 
 

Day-to-day management (including administrative support, indicated by arrows)
Management

Advisory councils

Executive committees (including advice to the Board)

Day-to-day management (including administrative support, indicated by arrows)
Management

Advisory councils

Executive committees (including advice to the Board)  
 

The executive committees are responsible for the scientific, educational and fundraising duties of 

the Academy and refer to the Board, which will make its decisions on the basis of advice given by 

the executive committees, the Consultative Council and the international Advisory Board. The 

international Advisory Board will also annually evaluate the Academy’s activities. The Managing 
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Director and the Secretariat will provide administrative support to the Board, the advisory councils 

and the executive committees.  

 
Host organisation for the Academy 
The Academy will be hosted by Odense University Hospital (see Appendix 5). The Academy will 

pay a fee of 3 % of the grant, as specified in details in the budget, to Odense University Hospital 

for providing the offices and facilities needed for the Secretariat and research fellows, for 

administering the grant, auditing the accounts (Odense University Hospital will employ the 

Financial Manager of the Academy and pay for his/her salary) and providing legal advice when 

needed. All employees of the Secretariat will be employed at Odense University Hospital for a five-

year period. Odense University Hospital (represented by CEO Jane Kragelund and Director Henrik 

Villadsen) will be responsible for administering the grant legally and financially. Professor Henning 

Beck-Nielsen will be head of the academy and responsible for the strategy and the day-to-day 

management of the Academy.  

 

The Board of the Academy 
The Academy will be managed by a scientific board including five experienced scientists 

representing the universities and university hospitals, the NNF Center of Basic Metabolic Research 

and the Consultative Council (the chairman). The Managing Director of the Academy will be the 

scientific secretary of the Board, whereas the secretary to the chairman of the Board will function 

as administrative secretary to the Board.  

 

The following Board is proposed: 

• Professor Henning Beck-Nielsen, chairman (Department of Endocrinology, Odense 

University Hospital) 

• Professor Allan Flyvbjerg (Department of Medical Endocrinology and Internal Medicine, 

Aarhus University, and Department of Clinical Medicine, Aarhus University) (representative 

of the universities involved) 

• Chief Medical Officer Jannik Hilsted (Copenhagen University Hospital) (representative of 

the university hospitals) 

• Professor Oluf Borbye Pedersen (NNF Center for Basic Metabolic Research) 

(representative of the NNF centres at the Faculty of Health Science, University of 

Copenhagen) 

• Associate Professor Kurt Højlund (Department of Endocrinology, Odense University 

Hospital) (chairman of the Consultative Council of the Academy) 
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Any new members of the Board will be elected by the Consultative Council. Henning Beck-Nielsen 

will be the chairman for the five-year project period. The board elects among its members a 

chairman. 

 

The Board is responsible for the overall strategy of the Academy with regard to research, 

education and finances, including drawing up the research strategy and raising financial support. 

Furthermore, the Board is responsible for hiring of employees within the Academy’s Secretariat as 

well as responsible for granting stipends and for educational activities etc,  

 
The Chairman of the Board 
The chairman of the Board has the overall scientific and financial responsibility of the Academy 

and is its spokesman. He/she must be an internationally recognised diabetes researcher with 

experience in both science and administration. Furthermore, he/she must be able to communicate 

with the authorities and must have the abilities to link diabetes research and researchers together 

in Denmark and internationally. Professor Henning Beck-Nielsen is suggested and has accepted to 

serve as chairman.  

 

Figure 4: Day-to-day management of the Academy  
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
The Secretariat of the Academy 
The day-to-day management of the Academy will be handled by a secretariat built up in Odense 

where Odense University Hospital will provide facilities for the Secretariat of the Academy, as 
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stated earlier. The administrative personnel will be employed by Odense University Hospital for a 

five-year period.  

 

Managing Director 
The Academy will employ a managing director responsible for the day-to-day management of the 

Academy together with the chairman of the Board and functioning as head of the Secretariat. The 

Managing Director will be engaged based on a job description requesting him/her to have a degree 

within health sciences at least at PhD level and to be trained and experienced in research 

management. The Managing Director must have demonstrated skills in communication and 

administration, and must have experience with both national and international collaboration. The 

position is a full-time administrative position, and the Managing Director is not expected to perform 

research him-/or herself. The position will be advertised both nationally and internationally. The 

Managing Director will refer directly to the chairman of the Board and be scientific secretary for the 

Board. Furthermore, the Managing Director’s main tasks will be:  

 

• Coordination of the collaboration between the Board, the Research Committee, the 

Education Committee, the Fundraising Committee, the Consultative Council and the 

international Advisory Board.  

• Coordination of the collaboration with the JDRF, the NNF centres, the universities, the 

hospitals and other research institutions.  

• Coordination of the education of the PhD students and the pregraduate research students 

with the faculties of the universities.  

• Overall personnel and financial administration.  

• Formulating the scientific programme for the courses provided by the Academy together 

with relevant lecturers.  

• Scientific support in advertising and recruitment of pregraduate research students, PhD 

students, postdocs and professors. 

• Establishing new initiatives of the Academy, such as the specific forums for the researchers 

working within the Academy.  

• Initiating fundraising activities and assuring the application for external funding. 

 

Administrative secretaries 
The Managing Director will have two secretaries at his/her disposal for administrative purposes, 

and in addition one administrative secretary will be appointed for the chairman of the Board. The 

three administrative secretaries must have a degree in language (English) and/or communication 

and must have experience within research administration. Their main tasks will be to handle 

secretarial duties for the Board, the Fundraising Committee, the Consultative Council and the 



11-07-2012 Danish Diabetes Academy application to the Novo Nordisk Foundation 27

international Advisory Board, to support the managing director and the chairman of the Board in 

their daily work, to administer personnel matters, IT (Apps, Twitter, the electronic application 

system) and the Academy webpage together with the Communicator and to provide administrative 

support in advertising and recruitment of postdocs and professors.  All administrative secretaries 

will be employed on a full-time basis.  

 
Education Manager 
To support the Managing Director, specifically in relation to education and course programmes for 

the students, an education manager will be pointed out, see below regarding the Education 

Committee. The Education Manager will be the head of the PhD Network of Diabetes and 

Metabolism and will be responsible for the administration of the overall research education of the 

Academy, including administrative support in advertising and recruitment of pregraduate research 

students and PhD students. Therefore, the Education Manager must hold a university degree and 

should present skills within research management and communication, specifically in relation to 

the PhD education. The Education Manager must be familiar with the rules for enrolment and 

employment of researchers at the universities and have experience in course management. 

Furthermore, the Education Manager will function as administrative secretary to the Education 

Committee and the Research Committee. The Education Manager will be employed on a full-time 

basis. 

 
Financial Manager 
The Financial Manager will be employed (and paid directly) by Odense University Hospital and 

work within the Accounts Department of the hospital, but he/she will be a part of the Academy 

Secretariat. He/she must have skills and experience within administration of research budgets, 

accounts and audits. The Financial Manager will be employed on a full-time basis. 

 

Fundraiser/Communicator 
To support the Managing Director in relation to fundraising and communication, a 

fundraiser/communicator will be employed on a full-time basis. The main responsibilities of the 

Fundraiser/Communicator will be to initiate fundraising activities, including assuring the application 

for external funding, and to write texts for the Academy webpage, draw up the Academy newsletter 

and to handle other communicative tasks. The Fundraiser/Communicator will function as 

administrative secretary to the Fundraising Committee.   

 

Duties of the Secretariat  
The overall duties of the Secretariat will be:  
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• Administrative support in advertising and recruitment of pregraduate research students, 

PhD students, postdocs and professors 

• Secretarial duties for the Board, the Research Committee, the Education Committee, the 

Fundraising Committee and the Consultative Council, including the collaboration among 

these units and between the International Advisory Board and the Faculty and these units 

• Management of the PhD Network of Diabetes and Metabolism, i.e. course programme, 

symposia, seminars and summer schools 

• Coordination of the education of the PhD students and the pregraduate research students 

with the faculties at the universities 

• Coordination of the collaboration with JDRF, specifically the International Research 

Partnership (IRP) programme 

• Coordination of the collaboration with the NNF centres (see Appendices 8 and 9)  

• Coordination of the collaboration with other research institutions 

• Overall personnel administration 

• Financial administration 

• IT administration, including Apps, Twitter, the electronic application system 

• The Academy webpage and newsletter 

• Initiating fundraising activities and application for external funding 

 

The Research Committee of the Academy 
An important task of the Academy is to find talented students and scientific co-workers, i.e. scholar 

students, PhD students, postdocs and professors. To ensure the application process and evaluate 

the applicants for the stipends awarded by the Academy, a Research Committee will comprise five 

excellent researchers (PIs) from the Academy. They will be responsible for recommending the best 

qualified candidates to the Board based on an evaluation of the scientific skills, as described in 

Section 6.  

 

The chairman of the Research Committee 
The chairman of the Research Committee will be elected by the scientific faculty of the Academy 

and will not be employed by the Academy, but will serve only as head of the committee. He/she 

must be scientifically active and have experience within diabetes research and training of research 

students. Chief Physician Peter Rossing has already accepted to serve the first term of office. The 

members of the Research Committee will be elected for a period of three years.  

 

 

 



11-07-2012 Danish Diabetes Academy application to the Novo Nordisk Foundation 29

The following Research Committee is proposed: 
 

• Chief Physician Peter Rossing, chairman (Steno Diabetes Center)  

• Professor Susanne Mandrup, vice-chairman (Department of Biochemistry and Molecular 

Biology, University of Southern Denmark) 

• Professor Lise Wogensen Bach (Faculty of Health Sciences, Aarhus University) 

• Two other members to be elected among the principal investigators 

• Administrative secretary: the Education Manager 

 
The Education Committee of the Academy 
The primary aim of the Academy is to educate and train new scientists in diabetology. This will be 

obtained through the pregraduate students’, PhD students’ and postdocs’ work with research 

projects, but it will also be based on theoretical and practical courses, seminars, symposia, 

summer schools and an international annual meeting. To organise these events, the Academy will 

set up an Education Committee with an education manager with the responsibility to coordinate 

these activities and to coordinate the collaboration with the PhD graduate schools of the faculties 

and the PhD graduate programmes, including drawing up the terms of reference for this 

collaboration together with the relevant partners. The Education Committee will guide the Board in 

these matters and propose an educational strategy and vision to the Board. The members of the 

Education Committee will be elected for a period of three years.  

 

The Education Committee:  
The Education Committee is composed of the heads of the three PhD graduate programmes 

mentioned previously:  

 

• Professor Torben Hansen, vice-chairman (The NNF Center for Basic Metabolic Research, 

University of Copenhagen, head of the graduate programme of Basic Metabolic Research) 

• Professor Jan Frystyk (Department of Endocrinology and Metabolism, Aarhus University 

Hospital, head of the graduate programme of Metabolism and Endocrinology) 

• Associate Professor Kurt Højlund (Department of Endocrinology, Odense University 

Hospital, head of the PhD School of Metabolism and Endocrinology) 

• Administrative secretary: The Education Manager 

 

The Fundraising Committee of the Academy 
The Academy will strive to raise funds from other foundations and bequeathed funds. Therefore, a 

Fundraising Committee will be set up to coordinate these tasks. This committee will be linked to 
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the Secretariat and receive administrative assistance from the Fundraiser/Communicator in the 

Secretariat. The Managing Director will serve as chairman of the Fundraising Committee, and the 

Fundraiser/Communicator will function as administrative secretary.  

 
The Consultative Council 
The research areas of the Academy are represented by the young talents and the senior 

investigators. The principal investigators will constitute the Consultative Council (see Table 1), 

which is active within the scientific activities in the Academy thereby ensuring a dynamic and 

always present state-of-the-art science at the Academy. The Consultative Council will amongst 

other functions advice the Board in these scientific and educational matters and give input to  the 

Board regarding research strategy.  

 

The chairman of the Consultative Council 
As the chairman of the Research Committee, the chairman of the Consultative Council will also be 

elected by the scientific faculty of the Academy and will not be employed by the Academy, but will 

serve only as head of the committee. He/she must be a young and talented scientist and have 

experience within diabetes research and training of research students. Chief Physician Kurt 

Højlund is suggested and has already accepted to serve the first term of office. 

 

The International Advisory Board of the Academy 
The International Advisory Board, consisting of prominent international researchers, will advice the 

Academy Board on the overall strategy of the Academy, including vision and strategy for research 

and educational activities. In addition, the Academy Board may consult the international Advisory 

Board with regard to selection and recruitment of researchers to the Academy’s stipends. The 

members will participate in the summer schools as lecturers and discussion initiators. Together 

with the Academy Board they will decide on the five hot topics to focus on during the five-year 

project period.  

 

Furthermore, the International Advisory Board will evaluate and give advice to the Academy Board 

annually, as described in Section 8.  

 

The international Advisory Board refers directly to the Academy Board. 

 

The following international Advisory Board is proposed: 

• Professor Christopher J. Rhodes, chairman (University of Chicago, USA) 

• Professor Ulf Smith (University of Gothenburg, Sweden) 

• Professor Barbara Corkey (Boston University School of Medicine, USA) 
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• Professor Ele Ferrannini (University of Pisa School of Medicine, Italy) 

• Professor C. Ronald Kahn (Joslin Diabetes Center, Boston, USA) 

 

Working language of the Academy 
The official working language of the Academy will be English i.e. all communication both internal 

and external (including website, courses, seminars, applications etc.) must be in English.  

 

 

8. Evaluation of the Academy 
 
Every year in connection with the annual summer school, the Board will meet with the international 

Advisory Board of the Academy. The activities in the Academy will be discussed and based on a 

yearly self evaluation of the Academy, a report describing the weaknesses and strengths of the 

Academy. It is the responsibility of the Head of the Academy to prepare the self evaluation in 

collaboration with the Managing Director. The self evaluation will be elaborated by the Secretariat 

and forwarded to the board of the Academy. Furthermore, the report will include a description of 

the future activities of the Academy, and the report will thus form the basis of a continuous revision 

of these activities. The final report will be approved by the Board and will then be forwarded to 

NNF, JDRF, other sponsors and relevant partners, as it will also be published on the Academy 

webpage.  

 

After four years, an international independent peer review group consisting of three scientists will 

evaluate the Academy’s self-evaluation report of the entire project in the light of the aim and results 

obtained by the Academy. This report will be sent to the Academy Board for comments and 

afterwards to NNF, JDRF and other sponsors. 

 

 

9. Coordination of activities within the Academy – building team spirit 
 
All researchers within diabetology in Denmark must have the feeling of belonging to the Academy. 

Therefore, we will establish individual forums for the pregraduate scholarship students, the PhD 

students and the postdocs. They will all be invited to the seminars, symposia (e.g. the annual 

meeting in relation to the annual EASD meeting), courses and lectures. Research news, 

publications, protocols and meetings will be communicated through the Academy webpage, but 

also through the faculties of the universities. Modern media as Apps and Twitter will also serve in 
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that respect. One of the administrative secretaries will function as webmaster and will be 

responsible for the communication to all researchers involved in the Academy.  

 

 

10.  Perspectives of the Academy 
 
If this ambitious initiative succeeds, Danish diabetes research will hold a position among the most 

outstanding worldwide, and the Academy will be a beacon leading the way for other research 

areas.  

 

Around 200 talented researchers will have finished their training and will be connected to 

universities, university hospitals and the industry in Denmark and worldwide.  

 

Scientifically, we will have developed new strategies for prevention, treatment and possibly also 

cure of both type 1 diabetes, type 2 diabetes and diabetes in pregnancy based on a new 

pathophysiological understanding, and we will have found new targets for pharmacological 

treatment and new biomarkers for early detection of diabetic complications.  

 

When all is said and done, this is our final objective. 

 

 

11.  Annual budget 
 

 

The budget is presented in Appendix 11. The budget is calculated on a yearly basis and is running 

for five years. It is divided into two parts: One part states the costs to be financed by NNF and the 

other part states the total costs for the total project, including all funding.  

 

The budget only covers salaries and operating costs. Support to specific projects will be covered 

by specific application to various foundations (including NNF), the universities, the European Union 

and JDRF. However, JDRF has agreed to support some of the research projects with DKK 5,000 

annually, if they fulfil the JDRF criteria.  

 

The part applied for from NNF primarily covers operating costs of the Academy and salaries for 35 

postdocs (each of three years duration), 25 full time equivalents postdoc positions (match funding 

with JDFR), 90 1/3 PhD scholarships (each of three years duration), and two basic science 

professors. The costs for salaries are calculated in full-time equivalents. Furthermore the NNF is 
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asked to finance 10 visiting professor programme (each of 3 months). The PhD scholarships will 

be financed by NNF (by approximately 1/3 with a maximum of 550,000 DKK), four faculties have 

agreed together to finance 30 1/3 per year, and the last 1/3 will be covered by the researchers 

themselves through support from other foundations.  

 

Three universities (Aarhus University, the University of Copenhagen and the University of Southern 

Denmark) and the university hospitals guarantee co-financing and provide laboratories and offices 

for the administrative staff. The detailed scope for this will be negotiated after the establishment of 

the Academy.  

 

The OUH administrative costs and services covers the fee of 3 % to be paid to Odense University 

Hospital for administering the grant, providing offices, their running costs and facilities needed for 

the secretariat and research fellows, for auditing the accounts (Odense University Hospital will 

employ the Financial Manager of the Academy and pay for his/her salary) and for providing legal 

advice when necessary.  

 

The Academy will hire a managing director, an education manager, two secretaries and a 

fundraiser, all of whom will form part of the Academy’s Secretariat and thus represent the 

Academy’s core facilities. These salaries along with expenses regarding the establishment of the 

day-to-day operations of the Secretariat are covered by the NNF grant.  

 

The calculations forming the basis of the budget are indicated in details in Appendix 12.  

 

 

12.  Tables 
 
Table 1 – The Consultative Council 
The Consultative Council consists of the principal investigators of the 22 WPs. 

 

• Associate Professor Kurt Højlund (chairman) (Department of Endocrinology, Odense 

University Hospital) 

• Associate Professor Niels Jessen (vice-chairman) (Department of Molecular Medicine, 

Aarhus University Hospital) 

 

• Assistant Professor Romain Barrés (the NNF Center for Basic Metabolic Research, 

University of Copenhagen) 
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• Professor Nils Billestrup (Department of Biomedical Sciences, University of 

Copenhagen) 

• Research Assistant Dan Ploug Christensen (Department of Biomedical Sciences, 

University of Copenhagen) 

• Dr. Niels Grarup (NNF Center for Basic Metabolic Research) 

• Dr. Jakob Grauslund (Department of Ophthalmology, Odense University Hospital) 

• Associate Professor Birgitte Holst (Department of Neuroscience and Pharmacology, 

University of Copenhagen) 

• Associate Professor Filip K. Knop (Department of Internal Medicine, Gentofte Hospital) 

• Associate Professor Dorte Møller Jensen (Department of Endocrinology, Odense 

University Hospital) 

• Associate Professor Jesper Johannesen (Department of Paediatrics, Herlev Hospital) 

• Dr. Søren Tang Knudsen (Department of Medical Endocrinology, Aarhus University 

Hospital) 

• PhD student Esben Laugesen (Department of Medical Endocrinology, Aarhus 

University Hospital) 

• Professor Susanne Mandrup (Department of Biochemistry and Molecular Biology, 

University of Southern Denmark) 

• Associate Professor Kirsten Nørgaard (Department of Endocrinology, Hvidovre 

Hospital) 

• Professor Michael Hecht Olsen (Department of Endocrinology, Odense University 

Hospital) 

• Professor Annelli Sandbæk (Department of Public Health and General Medicine, 

Aarhus University Hospital) 

• Professor Henrik Semb (The Danish Stem Cell Center, University of Copenhagen) 

• Associate Professor Tina Vilsbøll (Department of Internal Medicine, Gentofte Hospital) 

• Professor Allan Vaag (Department of Endocrinology, Copenhagen University Hospital) 

• Dr. Daniel Witte (Steno Diabetes Center) 

• Professor Jørgen Wojtaszewski (Department of Exercise and Sport Sciences, 

University of Copenhagen) 

• Chief Physician Dorte Worm (Department of Endocrinology, Hvidovre Hospital) 

• The CEO of the Academy (functioning as scientific secretary) 

• An administrative secretary from the Academy secretariat  
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13.  Appendices 
 

• Appendix 1 – Transition from PhD school to Academy 

• Appendix 2 – Letter of support from the Deans of the faculties of health sciences at Aarhus 

University, the University of Copenhagen and the University of Southern Denmark 

• Appendix 3 – Letter of support from the Head of Department at the Department of 

Biochemistry and Molecular Biology, University of Southern Denmark 

• Appendix 4 – Letter of support from the CEO of the Capital Region of Denmark on behalf of 

the five Danish regions, including the university hospitals in Aarhus, Copenhagen and 

Odense  

• Appendix 5 – Letter of support from Odense University Hospital 

• Appendix 6 – Letter of support from JDRF  

• Appendix 7 – Project Work Packages 

• Appendix 8 – Collaboration with the NNF Center for Basic Metabolic Research 

• Appendix 9 – Collaboration with DanStem 

• Appendix 10 – Preliminary curriculum of the PhD Network of Diabetes and Metabolism 

• Appendix 11 – Budget 

• Appendix 12 – Detailed budget calculations  

• Appendix 13 – Curriculum Vitae for key researchers of the Academy 
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Appendix 1: Transition from PhD school to Academy 
 
Since 2007, the Novo Nordisk Foundation has financially supported the graduate research 

programme “the Danish PhD School of Molecular Metabolism”, a national network educating PhD 

students within both basal and clinical metabolism. Today, 106 PhD students are registered at the 

PhD school of which the Novo Nordisk Foundation supports 63 (by one full-time equivalent). This 

initiative has strengthened Danish diabetology research and the concept is highly appreciated by 

the students and the international Advisory Board of the PhD school.   

 

To aim for a higher international level for Danish diabetes research, the Academy will, however, 

extend the activities of the PhD school to include all research positions, i.e. pregraduate 

scholarships, PhD fellowships, postdoc and professor positions, and to involve all researchers in 

diabetology – both nationally and internationally.  

 

The transition from PhD school to Academy will happen gradually.  

 

Presently, six out of the 63 PhD students supported by the Novo Nordisk Foundation have 

obtained their PhD degree, three students have handed in their PhD thesis, 54 PhD students are in 

progress with their PhD study and the remaining nine PhD fellowships will be granted this year.  

 

The ongoing PhD studies will continue as planned, and the Danish PhD School of Molecular 

Metabolism will slowly phase out its activities as the PhD students obtain their PhD degrees. The 

last students are expected to obtain their degrees in 2015. Some of the activities, such as PhD 

courses and the annual summer school, will continue under the auspices of the Academy, which 

will also introduce new activities, as described in the application. The Academy will start granting 

PhD fellowships upon receipt of the grant from the Novo Nordisk Foundation, and these PhD 

studies will take place under the auspices of the Academy. The activities of the Academy will thus 

be set up gradually, and the pregraduate scholarships and postdoc and professor positions will be 

introduced progressively.  

 

The Academy will use the managerial, administrative and academic experiences gained through 

the Danish PhD School of Molecular Metabolism. An evaluation of the PhD school is therefore 

essential.  
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The PhD School of Molecular Metabolism has been a great success based on the high number of 

researchers involved and the PhD degrees obtained. This evaluation is based on the courses 

offered, specifically the summer schools. The attraction of international capacities, such as 

teachers and supervisors, has led to this success. The Academy intends to copy the way of 

organising the PhD school, as this organisation has played a big role for the positive evaluation 

given by the students.  

 

Thus, building upon the successful Danish PhD School of Molecular Metabolism, the Academy will 

be sure to get a head start with regard to PhD education.  
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Appendix 7: Project Work Packages 
 
The scientific project is described in the following 22 WPs.  
 
WP1: Pathophysiology of T1D 
Nils Billestrup (principal investigator), Flemming Pociot, Martin R. Larsen, Jens Høiriis Nielsen 
(senior investigator) 
 
International collaboration: Professor Bo Ahrén and Dr. Lena Eliasson (Lund University, Sweden), 
Dr. Wylie Vale (The Salk Institute, La Jolla, USA), Dr. Maureen Gannon (Vanderbilt University, 
Nashville, USA), Dr. Chris Rhodes (University of Chicago, USA), Dr. Decio L Eizirik (University of 
Brussels, Belgium) 
National collaboration: NNF Center for Basic Metabolic Research, NNF Danish Stem Cell Center 
and JDRF.  
 
The focus of the research proposed in this WP has been selected based on the Research Priority 
Areas as defined by JDRF (www.jdrf.org) and by existing research expertise in Denmark. In short, 
the identified areas of research are described by JDRF as: 
1. Eliminating immune-mediated destruction of beta cells and inducing/restoring durable 

immunoregulation to preserve residual insulin-secreting cells in established, recent onset or at-
risk T1D. 

2. Restoring euglycaemia and insulin independence by activating endogenous beta cell 
regeneration or differentiating or reprogramming other cells including human and adult stem 
cells to become functional glucose-responsive, insulin-secreting cells and promoting survival of 
residual and newly generated beta cells. 

3. Restoring euglycaemia and insulin independence by transplanting a replenishable source of 
glucose-responsive, insulin-secreting cells in the absence of chronic immunosuppression.   

Research described in areas 1 and 2 above will be central to this WP, while area 3 will be covered 
in WP2.      
 
Background 
Immune-mediated destruction of functional beta cell mass is a fundamental hallmark of T1D. The 
identification of mechanisms and pathways involved in the regulation of beta cell mass through 
regulation of beta cell death and regeneration is the major goal for this programme (1). In T1D, 
beta cells are destroyed by the immune system resulting in a significant reduction in beta cell 
number and thus an insufficient capacity to secrete insulin in response to a meal (2).   
1. The mechanisms underlying the immune-mediated destruction will be investigated. Focus will be 
on the understanding of how immune tolerance to native beta cell proteins is broken. The role of 
post-translational modifications of beta cell proteins in driving immune-mediated beta cell 
recognition will be analysed. The hypothesis being that post-translational modifications of beta cell 
proteins are responsible for the generation of antigenic determinants causing the beta cell 
recognition by T cells. Characterisation of novel antigenic determinants generated through post-
translational modification of beta cell proteins may serve as the basis for the development of 
immune modulatory approaches to preserve beta cells.    
2. Factors and pathways involved in beta cell regeneration will be investigated. The potential for 
beta cells to regenerate is supported by the observation that non-diabetic obese individuals with IR 
up-regulate their beta cells mass and that during pregnancy the beta cell number is increased. 
Beta cell regeneration can be induced by induction of neogenesis from precursors (3) or 
proliferation of residual beta cells (4). Beta cell regeneration will be analysed in relevant animal 
models (obesity, pregnancy, ageing) as well as by in vitro cultures of isolated beta cells and 
precursors. By identifying key components of the pathways leading to induction of beta cell 
regeneration either through neogenesis, proliferation or survival, novel targets for anti-diabetic 
drugs may be discovered (3,4,5).  
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Aims 
The overall aims of this WP are: 

1. To explore and elucidate the molecular mechanisms and biochemical pathways involved in 
beta cell destruction, neogenesis, growth and survival. 

2. To identify and validate potential key pathways in the process of beta cell immune 
recognition, destruction, regeneration and survival. 

3. To perform proof of principle studies in relevant animal models based on prevention of 
immune-mediated destruction and/or regeneration of endogenous beta cells in order to 
prevent or cure T1D. 

 
Methods 
Both in vitro and in vivo models of beta cell destruction and regeneration will be employed. Animal 
models of T1D will be used for identification of novel beta cell protein modifications and their role in 
immune-mediated beta cell destruction. Islets and beta cells of rodent or human origin will be used 
in order to identify antigentic determinants, factors and pathways involved in destruction, 
proliferation and survival of beta cells. Biochemical assays will be employed for the identification of 
specific pathways required for regulation of beta cell recognition, apoptosis, growth and survival. 
Analysis of gene expression profiles in response to growth and survival factors will help identifying 
and validating pathways and potential points of interference. The role of these pathways will be 
evaluated using specific inhibitors and gene knock-down in cultured primary beta cells and analysis 
of neogenesis, proliferation and apoptosis/necrosis. Animal models of type 1 will be used to identify 
factors and pathways required for beta cell destruction, regeneration and survival. Transplantation 
of human islets into immune-deficient mice will allow the analysis of the potential of human beta 
cell regeneration in response to exogenous factors. Finally, relevant animal models of T1D will be 
used in proof of principle studies to evaluate the efficacy of manipulations of pathways involved in 
beta cell growth and survival.     
  
Perspectives 
The identification of novel factors and pathways involved in beta cell destruction or regeneration 
will be of great importance in the attempts to develop novel strategies for the treatment and 
possible cure of T1D. Ideally, such factors should be able to prevent beta cell destruction or 
expand the beta cells mass in a safe and effective manner. The detailed characterisation of these 
factors will be translated into animal studies of transplanted human islets and serve as the basis for 
further preclinical studies.  
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WP2: Beta Cell Biology 
Susanne Mandrup (principal investigator), Nils Billestrup, Kamille Schmidt, Jens Høiriis Nielsen 
(senior investigator) 
 
International collaboration: Associate Professor Pierre Maechler (University of Geneva, 
Switzerland), Dr. Lena Eliasson (Lund University, Sweden), Dr. Philippe Halban (University of 
Geneva, Switzerland), Professor Susumu Seino (University of Kobe, Japan).  
National collaboration: NNF Center for Basic Metabolic Research and JDRF. 
 
Background 
Pancreatic beta cells are sensors of nutrients in the blood and respond to those by increasing the 
secretion of insulin. Insulin in turn increases the net storage of nutrients in the body. T2D is caused 
by malfunctioning of this regulatory circuit. Some studies point to IR in the peripheral tissues as the 
primary event, whereas other studies suggest that dysfunction of the beta cells may be the primary 
event. In any case, peripheral IR leads to increased demands on beta cell insulin production, which 
may eventually lead to severe stress and failure of beta cell function. Thus, common strategies for 
promoting beta cell function and adaptation to changes in demands are highly relevant for 
prevention of both T1D and T2D. 
It is unknown what induces adaptive changes in the ability of beta cells to secrete insulin, but 
nutrients themselves are likely to play an important role. These may signal indirectly via changes in 
intracellular metabolite levels and metabolic stress, but nutrients may also act more directly as 
agonists of plasma membrane-associated G-protein coupled receptors (GPRs) (1) or nuclear 
receptors (2), or otherwise signal to alter the activity of a transcription factor (3). In addition, 
hormones and paracrine factors responding to nutrients appear to play an important role in the 
adaptive changes. In all cases, adaptation involves significant changes in the gene programme. 
Interestingly, exposure time appears to be important as short-term exposure to high concentrations 
of glucose or fatty acids has been shown to induce proliferation of pancreatic beta cells, while long-
term exposure to high concentrations of nutrients may lead to dysfunction (termed glucotoxicity 
and lipotoxicity, respectively) and under some conditions apoptosis (4). Thus, there is a need to 
understand how the detrimental nutrient-induced effects can be avoided while maintaining the 
beneficial effects. 
In addition, hormones and neurotransmitters like GLP-1 and epinephrine modulate the release of 
insulin via binding to specific GPRs. Recently, a special group of GPRs involved in taste 
recognition on the tongue has been detected in beta cells. In order to understand the function of 
these taste receptors in the beta cells the aim of the proposed projects is to identify the molecules 
interacting with two of these receptors. The interacting proteins will be isolated and their amino 
acid sequence determined. Their role in insulin release will be studied in insulin-producing cells. 
These taste receptors may offer new targets for drugs possibly modulating insulin secretion in T2D 
patients. 

Aims 
The overall aims of this WP are: 
1. To obtain in-depth mechanistic insight into the signalling pathways (in particular GPRs) and 

transcriptional programmes regulating beta cell function and capacity in response to nutrients 
such as glucose and fatty acids. 

2. To determine the parameters and mechanisms controlling the impact of nutrient signals, i.e. 
whether these are positive or negative for beta cell function.  

3. To obtain a detailed and comprehensive mechanistic understanding of the effects of GLP-1 
and other incretins on the beta cell gene programme and function. 

4. To determine the function and regulation of novel G protein-coupled receptor (GPCR) in 
pancreatic beta cells. 

Methods 
We will primarily use in vitro model systems (i.e. insulinoma cell lines as well as isolated islets from 
mice and rats) to address mechanistic aspects of how nutrients and hormones affect beta cell 
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function. In addition, we will carry out a limited number of animal experiments to validate the in vivo 
relevance. Similarly, whenever possible, experimental findings will be validated in isolated rodent 
and human islets.  
One major focus will be the identification of novel transcriptional regulators involved in mediating 
the responses to nutrients and incretins. These will be identified through an unbiased approach 
where we determine major structural changes in the chromatin landscape and based on sequence 
information predict factors involved in these chromatin changes (5). The role of the identified 
factors in mediating the changes will be investigated by loss-of function experiments (lentiviral 
short hairpin ribonucleic acid (shRNA) vectors or small interfering ribonucleic acid (siRNA)) and 
gain-of-function experiments using adenoviral/lentiviral vectors for ectopic expression. In addition, 
mechanistic aspects of key regulators will be investigated by detailed molecular studies to indentify 
interaction partners and modes of regulation.  
Another major focus will be the identification of GPRs and their downstream signalling pathways 
mediating nutrient-induced changes in  beta cell function, an area to be pursued in collaboration 
with Professor S. Seino, Japan (6). Expression of GPRs in the beta cells under various 
physiological conditions (obesity, diabetes, dyslipidemia) will be analysed and the signalling 
properties of the GPRs will be characterised by measuring intracellular signalling components (7). 
The functional consequences of over-expression and knock-down of selected GPRs in beta cells 
will be studied using lentiviral vectors. An important collaboration with Professor Thue Schwartz, 
NNF Center for Basal Metabolic Research, is planned, focusing on the functional characterisation 
of GPRs identified by his group.   
 
Perspectives 
Pancreatic beta cells are inherently very sensitive to nutrients, and this propensity allows them to 
undergo both short-term and long-term adaptations to changes nutrient levels. We expect that by 
increasing our understanding of the mechanisms of these nutrient-induced adaptations and their 
associated dysfunctions we will be able to predict strategies to be used to treat beta cell 
dysfunction and help preventing the development of diabetes. Furthermore, by identifying novel 
GPCR we may identify novel drug targets, which can be used to modulate beta cell function. The 
topics of this WP are within the priority areas of JDRF. 
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WP3: Stem cells 
Henrik Semb (principal investigator), Ole Madsen, Palle Serup, Thomas G. Jensen, Jørgen Kjems, 
Moustapha Kassem (senior investigator) 
 
International collaboration: Mark Magnuson (Vanderbilt University), Shinya Yamanaka (Kyoto 
University), Olle Korsgren (Uppsala University) 
National Collaboration: NNF Center for Stem Cell Research (DanStem) 
 
Background 
There are a number of novel emerging therapies holding the promise of curing the diabetic state or 
providing a more efficient treatment of its complications. These include cellular replacement 
therapies for T1D, cellular therapies for diabetic complications and gene-based therapies for 
diabetes or its complications.  
Transplantation of human islets can restore insulin independence in T1D.  A current major 
limitation of human islet transplantation is the lack of available cadaveric pancreata. A potential 
solution is to transplant glucose-responsive, insulin-secreting cells from alternative sources such 
as from human embryonic stem cells, human adult stem cells, precursor cells, or trans-
differentiated human cells (1-2).  Identification, isolation, characterisation and derivation of stem 
cells and/or human pancreatic endocrine precursor cells are important for generating beta cells for 
transplantation.   
Diabetic vascular and neurological degenerative complications are also envisaged to be treated 
with cell replacement therapies with the aim of restoring tissue and organ integrity or through the 
ability of stem cells to modify inflammatory processes and enhance vascularisation. Thus, cell-
based therapies of mesenchymal, myocardial or neurological cells are potential options for treating 
diabetic complications. 
In addition to cell-based therapies, therapies based on gene transfer or gene transfer coupled to 
nanoparticles, nanosurfaces or stem cells as carriers provide new possibilities for beta cell 
regeneration or treatment of diabetic complications. 
 
Aims 

1. To understand the molecular and cellular mechanisms governing the ability of pluripotent 
stem cells to both self-renew and to differentiate and develop into insulin-producing beta 
cells. 

2. To develop scalable differentiation protocols for functional insulin-producing beta cells from 
human embryonic stem cells/induced pluripotent stem cells. 

3. To test in animal models and in clinical trials the use of autologous and allogenic adult stem 
cells for treatment of diabetic complications (vascular and neurological). 

4. To test in animal models and in clinical trials the use of gene-based therapies for beta cell 
regeneration and for treatment of diabetic complications.  

 
Methods 
• Robust and reproducible in vitro methods for differentiation of human pluripotent embryonic 

stem cell lines to functional islets or beta cells; 
• Identification, characterisation and differentiation of pancreatic stem cells and beta cell 

progenitors; 
• Generating a replenishable source of islets/beta cells or beta cell precursors suitable for 

therapeutic use in humans; 
• Generation of autologus or allogenic clinical grade stem cells suitable for therapies of diabetic 

complications (vascular and neurological).   
• Conversion of non-beta cells to glucose-responsive, insulin-secreting beta cells; 
• Innovative approaches to target the beta cell using gene transfer, nanoparticels, nanoparticles 

coupled to micro ribonucleic acid (miRNA) or ribonucleic acid interference (RNAi) 
(functionalised nanoparticles); 

• Establishment of in vivo animal models for T1D, T2D and for diabetic complications suitable for 
functional testing of the above-mentioned novel therapies.  
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Perspectives 
Introducing novel and experimental therapies into clinical practice requires the integration of basic 
research of developmental biology and differentiation processes with novel approaches for cellular 
and molecular targeting as well as the collaboration with highly motivated and innovative clinicians. 
The activities of this WP will be integrated with the activities of The Danish Stem Cell Center 
(DanStem), which is a new research centre being established at the Faculty of Health Sciences, 
University of Copenhagen, and with the Stem Cell Research and Treatment Center present at 
Odense University Hospital. 
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WP4: Diabetes in Childhood and Adolescence – Metabolic Control, Hypoglycaemia and 
Remission Phase 
Jesper Johannesen (principal investigator), Birthe Olsen, Jannet Svensson, Flemming Pociot, 
Niels Birkebæk, Thomas Hertel, Henrik B. Mortensen (senior investigator) 
 
International collaboration: Professor Åke Lernmark (Lund University, Sweden), Professor Nanette 
C. Schloot (Heinrich-Heine University Düsseldorf, Germany), Professor Bart O. Roep (Leiden 
University Medical Center, the Netherlands), Professor Chen-Yu Zhang (Nanjing University, 
China), The Hvidoere International Study Group.  
National collaboration: Danish Childhood Diabetes Registry with coherent BioBank. 
 
Background  
Over the past 30 years the research activity has increased within the paediatric diabetes area 
covering varies aspects ranging from clinical research focusing at i.e. (i) epidemiology: a) 
describing the increasing incidence rate of childhood diabetes, and b) identifying risk factors for 
metabolic outcome and diabetic complications; (ii) clinical, biochemical and genetic 
characterisation of the remission phase. Future aspects include studying cystic fibrosis-related 
diabetes. Only a selection of research areas is presented in this synopsis. Despite the fact that an 
increasing number of children follow intensive treatment regiments, more than 65 % of children and 
adolescence with T1D in Denmark do not meet the international guideline of near-normal glucose 
control (HbA1c < 7.5%) (Annual Report 2010, Danish Childhood Diabetes Registry, personal 
communication JS and JJ), whereby they have an increased risk for late diabetic complications. 
Hypoglycaemia and ketoacidosis are the most feared complications to diabetes and impede good 
glycaemic control. Influencing factors of hypoglycaemia and ketoacidosis are first and foremost 
related to clinical handling and genetic factors (1), as well as family education and patient 
behaviour, although the impact of these factors remains unknown.  
T1D is the end result of immune-mediated beta cell destruction. It is generally accepted that at the 
time of T1D diagnosis an individual has lost most (60-80 %) of the beta cell function, but 10-20 % 
of the beta cells remains capable of insulin production. Many children and adolescents with newly 
diagnosed T1D experience a transient remission period (”honeymoon”) starting shortly after insulin 
treatment is initiated when the requirement for exogenous insulin treatment declines (partial 
remission). To consider that the partial remission phase is a period of relative beta-cell recovery is 
reasonable. Interestingly, a group of hormones from the small intestine including GLP-1 and 
glucose-dependent insulinotropic peptide (GIP) are collectively grouped as “incretins” due to their 
stimulating effects on postprandial insulin secretion, and GLP-1 has been shown to stimulate beta 
cell proliferation in vitro, enhance beta cell neoformation following partial pancreatectomy, prevent 
beta cell against cytokine-induced apoptosis, enhance beta cell replication and stimulate insulin 
release in a glucose-dependent way. Therefore, GLP-1 could be a key integrator in the future 
control of the beta cell mass and thus a possibility for pharmacological intervention with the aim of 
expanding the existing beta cell mass without significant adverse reactions. 
Over the past years, we have in an international collaboration identified clinical as well as 
biochemical and genetic features characterising the natural history of the remission phase in 
children and adolescents (2-5). If a prolonged or even permanent remission phase could be 
created, it will lead to improved glycaemic control and fewer diabetes-related complications in 
eyes, kidneys and nerves. 
 
Aims 
Our research aims are to: (i) Prolong the lifetime free of diabetes in children by halting the 
increasing trend of T1D development by identifying risk factors responsible for the increasing trend; 
(ii) Develop treatment modalities e.g. by using new modern technology as well as behaviour-
modifying therapy to ensure that children and adolescents achieve as low HbA1c as possible 
without acute complications; (iii) To identify biomarkers responsible for the length of remission and 
to launch intervention therapies to prolong the remission period by preventing the autoimmune 
process and enhance beta cell replication e.g. with a long-acting GLP-1 analogue. 
Methods  
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The nationwide Danish Childhood Diabetes Registry with an attached Biological Bank now have 
more than 10 years of precise clinical and biological information of all newly diagnosed children 
and children with established diabetes. At present, the registry contains clinical information on 
4,520 children and adolescents with T1D. These blood samples are collected during a period 
where the prevalence has increased with more than 40 %. In addition, we have access to two 
unique cohorts of children with newly diagnosed T1D forming the basis of the remission phase 
research: (i) The International Hvidoere cohort, comprising 275 children from 22 paediatric centres, 
and (ii) The Danish cohort: 130 children from four paediatric centres. All patients in those cohorts 
underwent a 90 minutes Boost test 1, 3 (only The Danish cohort), 6, 12 months to characterise the 
residual beta cell function the first 12 months after diagnosis. On all cohorts, we are generating 
extensive biomarker data.  
 
Perspectives  
Childhood diabetes significantly increases the morbidity and mortality of the affected individual as 
well as heavily affects the families and society in general. Therefore, an increased insight and 
understanding of the processes leading to the development of childhood diabetes, the following 
remission phase and treatment efficacy will have major impact on developing preventive strategies 
of all aspect of this chronic and devastating disease. 
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WP5: Insulin Resistance – Pathophysiology of T2D 
Kurt Højlund (principal investigator), Jørgen Wojtaszewski, Sten Lund, Niels Møller, Bjørn 
Quistorff, Michael Gaster, Henning Beck-Nielsen (senior investigator) 
 
International collaboration: Professor Lawrence J. Mandarino (Arizona State University, USA), 
Professor Michael Roden (Heinrich-Heine University Düsseldorf, Germany), Professor Bruce 
Spiegelman & Pontus Boström (Dana Farber Cancer Institute, Boston, USA), Professor Sven-Olof 
Olofsson (Wallenberg Laboratory, Gothenburg, Sweden). 
National collaboration: NNF Center for Metabolic Research and NNF Center for Protein Research.   
 
Background 
IR plays a major role for the increased risk of CVD in obesity and T2D. The options of treatment 
and prevention are at present limited to reduction of BP, plasma lipids and glucose, while targeted 
pharmaceutical treatment of IR is almost non-existing. Obesity and T2D are characterised by IR in 
skeletal muscle, the major site of insulin-mediated glucose uptake. Despite extensive research, the 
molecular mechanisms underlying IR remains to be fully understood. Danish research groups have 
contributed substantially to point out defects in insulin signalling to glucose transport and glycogen 
synthesis (1), increased accumulation of lipids and provided evidence for a link between 
mitochondrial dysfunction and IR in skeletal muscle of patients with T2D and high risk individuals 
(2). It has been hypothesised that mitochondrial dysfunction is responsible for the accumulation of 
muscle lipids and hence impaired insulin signalling due to activation of lipid- and stress sensitive 
kinases. Acute exercise and endurance training improves insulin sensitivity and mitochondrial 
content, also in obesity and T2D. However, recent reports suggest the existence of exercise 
resistance in such IR individuals (3). Moreover, novel pathways such as autophagy (4), the 
unfolded protein response (5) and lipid droplet formation (6) have emerged as possible co-players 
in the pathogenesis of IR, mitochondrial dysfunction and lipid accumulation in obesity and T2D. A 
better understanding of these possible mechanisms underlying IR and exercise resistance in 
human skeletal muscle are needed to provide novel therapeutics and lifestyle interventions to 
prevent and treat T2D and CVD.  
 
Aims 
1. To investigate the role of novel components regulating insulin signalling to glucose transport 

and glycogen synthesis in the pathogenesis of IR in human skeletal muscle in vivo, including 
studies of kinase pathways modulating these action of insulin.  

2. To dissect the molecular mechanisms of mitochondrial dysfunction in muscle of insulin 
resistant individuals, including the role of epigenetics, phosphorylation and acetylation of 
proteins involved in oxidative phosphorylation, beta-oxidation and citric acid cycle. 

3. To understand and define the possible existence of exercise/training resistance in human 
skeletal muscle of IR individuals, and the molecular mechanism involved. 

4. To characterise potential abnormalities in the newly discovered cellular processes I) 
autophagy, II) unfolded protein response and III) lipid droplet formation and their possible 
involvement in the pathogenesis of IR and T2D.  

 
Methods 
The focus will be on translational research. Therefore, all studies will include phenotypic and 
metabolic characterisation of insulin resistant individuals (e.g. with low birth weight, obesity, 
polycystic ovary syndrome (PCOS) or T2D) and well-matched controls, and test the effect of 
different interventions in vivo such as the response to acute exercise, endurance training, 
hyperglycaemia, prolonged fasting and lipid infusion. Euglycaemic-hyperinsulinaemic clamp 
studies combined with indirect calorimetry and skeletal muscle biopsies before and after insulin 
and interventions will provide the basis for subsequent studies of molecular mechanism. 
Mitochondrial respiration will be determined in muscle fibres. Microarray-based transcriptional 
profiling, focused quantitative reverse transcriptase polymerase chain reaction (qRT-PCR) of 
selected genes, and targeted mass-spectrometry-based quantification (SRM) of protein and protein 
phosphorylation (7) will be used as first line approaches to identify and characterise abnormalities 
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in the pathways mentioned above. Classical protein technologies will be used as second line 
approaches to validate and explore the most interesting findings. To get further mechanistic 
insight, major novel defects will be further studied in muscle cell cultures and mice models using 
genetic manipulation and exposure to high fatty acids, glucose and drugs.  
 
Perspectives 
The ambition is to create strong and competitive research environments for national groups 
studying the molecular mechanism of IR in obesity and T2D, a research field in which Denmark 
until know has had a leading position. This is expected to attract and retain the most talented 
postdocs to perform and publish translational research of a high international quality, and to 
strengthen our collaboration with international research groups, which can further support our own 
groups with respect to the goals mentioned above. We ultimately expect this to help us identifying 
several novel targets for a more specific therapy of IR, which are currently missing in the treatment 
and prevention of T2D and CVD. 
 
References 
1. Højlund K, Stæhr P, Hansen BF, Green KA, Hardie DG, Ricther EA, Beck-Nielsen H, 

Wojtazsewski JFP. Increased phosphorylation of skeletal muscle glycogen synthase at NH2-
terminal sites during physiological hyperinsulinemia in type 2 diabetes. Diabetes 2003; 
52:1393-1402. 

2. Mogensen M, Sahlin K, Fernström M, Glintborg D, Vind BF, Beck-Nielsen H, Højlund K. 
Mitochondrial respiration is decreased in skeletal muscle of patients with type 2 diabetes. 
Diabetes 2007;56:1592-9. 

3. Hernández-Alvarez MI, Thabit H, Burns N, Shah S, Brema I, Hatunic M, Finucane F, Liesa M, 
Chiellini C, Naon D, Zorzano A, Nolan JJ. Subjects with early-onset type 2 diabetes show 
defective activation of the skeletal muscle PGC-1α/Mitofusin-2 regulatory pathway in response 
to physical activity. Diabetes Care 2010;33:645-51. 

4. Jung HS, Lee MS. Role of autophagy in diabetes and mitochondria. Ann N Y Acad Sci 
2010;1201:79-83. 

5. Wu J, Ruas JL, Estall JL, Rasbach KA, Choi JH, Ye L, Boström P, Tyra HM, Crawford RW, 
Campbell KP, Rutkowski DT, Kaufman RJ, Spiegelman BM. The unfolded protein response 
mediates adaptation to exercise in skeletal muscle through a PGC-1α/ATF6α complex. Cell 
Metab 2011;13:160-9. 

6. Boström P, Andersson L, Li L, Perkins R, Højlund K, Borén J, Olofsson SO. The assembly of 
lipid droplets and its relation to cellular insulin sensitivity. Biochem Soc Trans 2009;37:981-5. 

7. Zhao X, León IR, Bak S, Mogensen M, Wrzesinski K, Højlund K, Jensen ON. 
Phosphoproteome analysis of functional mitochondria isolated from resting human muscle 
reveals extensive phosphorylation of inner membrane protein complexes and enzymes. Mol 
Cell Proteomics 2011;10:M110.000299. 

 
 



11-07-2012 Danish Diabetes Academy application to the Novo Nordisk Foundation 
 

Appendix 7 12

WP6: Diabetes Genetics 
Niels Grarup (principal investigator), Thomas Sparsø, Rasmus Ribel-Madsen, Torben Hansen, 
Mikkel Schierup, Anders Børglum, Oluf Borbye Pedersen (senior investigator) 
 
International collaboration: Beijing Genomics Institute, Europe, Copenhagen, Professor Wang Jun 
(University of Copenhagen and Beijing Genomics Institute, Shenzhen, China), Professor Mark 
McCarthy (Oxford University, United Kingdom), Professor Philippe Froguel (Imperial Collage, 
London, United Kingdom), Professor Markku Laakso (University of Kuopio, Finland), Professor Kári 
Steffansson (DeCode Genetics, Iceland). 
National collaboration: NNF Center for Basic Metabolic Research. 
 
Background 
Type 2 diabetes is a disorder caused by a subtle combination of heritable factors and 
environmental and lifestyle risk factors. Also intermediary diabetes-related physiological traits such 
as obesity, insulin resistance and disturbed insulin secretion have been shown to be partly 
modulated by genetic factors. 
During the past years, there has been substantial progress in associating common genetic 
variation with phenotypes of biomedical significance. For T2D, the number of confirmed genetic 
susceptibility loci have expanded from three in 2006 to more than 37 loci through array-based 
genome-wide association analyses and meta-analyses coupled to large scale replication (1;2). The 
majority of discovered loci do not contain genes previously involved in T2D pathogenesis 
underlining the importance of genetic discovery studies without a prerequisite biological hypothesis 
(3). Despite this rapid advance, merely 10 % of the heritable contribution to T2D and related 
physiology has been explained, and mainly common genetic variation (frequency above 5 % in the 
population) has been investigated. 
More detailed investigations of the identified T2D risk variants are redefining the aetiological 
understanding of T2D putting much attention to the genetic vulnerability of the pancreatic beta cell, 
since initial physiological studies of diabetes risk variants have shown most risk variants to 
diminish glucose-stimulated insulin secretion (4;5). Yet, the more exact physiological impact of 
diabetes-associated risk variants has not been elucidated and more detailed studies are needed to 
underline pathway- and tissue-specific impact of T2D genetics. 
 
Aims 
The overall aims of this WP are: 

1. to explore genetic variation in relation to T2D – both sporadic and familial forms; 
2. to characterise common, low-frequency and rare diabetes-related genomic risk elements in 

population-based genetic epidemiological studies to elucidate intermediate phenotypes and 
by targeted detailed physiological investigations in risk allele carriers and non-carriers; 

3. to combine diabetes-related risk variation in pathway and tissue specific analyses including 
gene expression studies in target tissues to assess the vulnerability of multiple risk alleles;  

4. to assess the clinical impact of genetic variation in relation to development of diabetes and 
diabetes-related complications.  

 
Methods 
We will apply state-of-the art methodology to detect genetic variation associated with T2D 
(diabetes genomics discovery) and to perform detailed physiological characterisation of these 
variants in relation to diabetes phenotype (diabetes genetic-epidemiology and genetic-physiology). 
Genetic variation will be explored by both next generation nucleotide sequencing of entire exomes 
(all coding regions) (6) and genomes or targeted regions of interest and large-scale genotyping by 
cost-effective arrays comprising up to 2.5 million genetic variants. The physiology behind diabetes-
associated variants will be explored both in genetic epidemiological studies in population-based 
samples characterised for diabetes-related intermediary phenotypes by clinical examination, 
biochemical assessment and oral glucose tolerance tests. When necessary these studies will be 
widened to international collaborative studies to ensure sufficient statistical power. In order to 
further elucidate the pathophysiological impact of risk variants in a cost-effective approach detailed 
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physiological studies such as intravenous glucose tolerance test, euglycaemic-hyperinsulinaemic 
clamps, hyperglycaemic clamps and various measures of stimulated insulin and GLP-1 release will 
be applied in individuals specifically recruited by genotype. These studies will bridge between basic 
genomics discovery studies and diabetes pathophysiology. 
 
Perspectives 
This WP will help opening the genome for a deeper understanding of the genetic architecture of 
common metabolic phenotypes such as T2D and obesity, and expand our insights into diabetes 
pathogenesis and pathophysiology. Finding and characterising genetic variants behind T2D will 
dramatically increase basic understanding of T2D pathology to derive novel drug targets for 
diabetes and in the longer run lead to advances in clinical diabetes management and prevention. 
As a whole this WP will provide a strong platform for exploring the basic molecular defects in T2D 
and bridge between these defects and clinical diabetes. 
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WP7: Molecular Pharmacotherapy and Pharmacogenetics 
Niels Jessen (principal investigator), Jan Erik Henriksen, Kim Brøsen, Sten Madsbad, Jørgen 
Rungby (senior investigator) 
 
International collaboration: Professor Mike Wheeler (University of Toronto, Canada) and Professor 
Ashley Bush (University of Melbourne, Australia).  
National collaboration: NNF Center for Protein Research and NNF Center for Basic Metabolic 
Research. 

 
Background 
Over the past decades, the pharmacological treatment of diabetes and its associated 
complications has become increasingly more aggressive (1), in combination with a continued focus 
on lifestyle modifications (2). The progressive use of multiple drugs is common and is 
recommended by international guidelines and is considered cost-effective (3). However, 
polypharmacy is associated with an increased morbidity and costs as the use of multiple 
medications often leads to inappropriate drug use, under-prescription, low adherence and side-
effects (4). Individual tailoring of drug prescriptions to the patient is a strategy to overcome these 
challenges, but this demands detailed knowledge of the drug response in the diabetic patients. 
Pharmacogenetics – the study of how genetic variation affects a person’s response to a drug – is 
becoming increasingly important for improving the predictive value for the efficacy and safety of a 
drug. While pharmacogenetic studies focus on variation in one gene at a time, pharmacogenomics 
aims to understand the entire range of genetic variation affecting drug response including drug 
efficacy and adverse, toxic drug effects at the level of both what the drug does to the body 
(pharmacodynamics) and what the body does to the drug (pharmacokinetics). The study of 
individual metabolic pathways including those not directly related to diabetes is demanding 
attention as is long-term population effectiveness and definitions of target populations - not only 
individuals – for specific treatments or combinations of treatments (5). Finally, ways to improve 
adherence needs to be explored in multidisciplinary settings and will be focus areas in this 
programme (6). 
 
Aims 
To develop methods personalising treatment strategies for diabetic patients based on 
measurements of known and putative factors for regulators of drug responses, and thereby 
optimising treatment efficiency and minimising inappropriate use of medicine. 
 
Methods 

• Increase basic knowledge on pharmacodynamics and pharmacokinetics for drugs used in 
the treatment of diabetic patients; 

• Development of screening tests, to identify diabetic patients at extra high risk for 
complications to allow for early intervention; 

• Development and testing of new tools to better target the treatment to the individual patient 
and to better predict patient response or prognosis; 

• Development of sensitive and objective tools and technologies for clinical decision 
matrices; 

• Modification of laboratory measures of function or laboratory treatment protocols for use in 
clinical settings; 

• Development of methods for pre-defining and individually predicting drug-drug interactions 
with diabetes treatments; 

• Development of methods for predicting population effects of diabetes treatments with the 
aim of introducing safe, cheap and efficacious drug programmes in selected populations. 

Perspectives 
With the recent advances in genomic technology coupled with the progress made in candidate 
gene approaches that have begun to uncover genetic variation in drug responses, it is becoming 
clear that pharmacogenomic studies will be important for making medication treatment options for 
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diabetic patients more effective. The presence of extensive databases including patient 
characteristics, treatments and outcomes, and the presence of strong research environments 
spanning from molecular medicine to clinical epidemiology makes Denmark an ideal setting for 
advancing on this field. Development of personalised treatment strategies for diabetic patients will 
help optimising treatments and minimising inappropriate drug use. 
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WP8: Macrovascular Complications 
Esben Laugesen (principal investigator), Jan Frystyk, Aase Handberg, Moustapha Kassem, Knud 
Yderstræde, Hans Erik Bøtker, Lars Melholt Rasmussen (senior investigator) 
 
International collaboration (potential): Professor Christian Berne (Uppsala University and University 
Hospital, Sweden), Associate Professor Björn Zethelius (Uppsala University and University 
Hospital, Sweden), Professor Per-Henrik Groop (University of Helsinki, Finland), Dr. Christian 
Rask-Madsen (Joslin Diabetes Center, Boston, USA).  
National collaboration: JDRF regarding epidemiological screening studies, the NNF Center for 
Basic Metabolic Research and the NNF Stem Cell Centre.  
 
Background 
Despite major advances in primary and secondary prevention, patients with diabetes still suffer 
from a high incidence of fatal cardiovascular events, and the prognosis after non-fatal events is 
sinister. CVD is the major contributor to the increased age-standardised mortality rate in the 
diabetic population. Prevention of premature CVD remains of outmost importance in the treatment 
of diabetic patients and further research in this area is of profound importance. An improved 
prognosis may be achieved by unravelling the pathogenesis of premature atherosclerosis in 
diabetic patients. In addition, earlier identification of high-risk patients is needed for timely 
institution of targeted individually tailored interventions. The use of biomarkers collected from either 
urine, serum or tissues may serve to achieve this goal by identifying patients at increased risk (1-
3). However, the prevailing biomarkers fail in two important aspects; firstly, they are often 
unspecific when it comes to the underlying pathogenesis. Secondly, they often present themselves 
at a rather late stage, i.e. when patients already suffer from more or less irreversible or even 
manifest organ damage. Accordingly, an urgent need exists for new, reliable and informative 
biomarkers of early events possibly enabling detection of patients with increased risk for 
developing CVD. Another approach for enhanced risk stratification is the use of non-invasive 
methods to identify subclinical changes of the arterial system. Non-invasive methods for detecting 
changes to the arterial system have in several trials demonstrated a predictive potential for ensuing 
CVD above and beyond traditional risk markers (4). However, the potential role of non-invasive 
assessment of arterial stiffness in patients with diabetes is currently unsettled. Lastly, a multi-
factorial intervention strategy has proven useful in high-risk diabetes patients in reducing the 
incidence of cardiovascular events (5). However, more knowledge is needed on how to further 
optimise the intervention strategy in this population, as are studies evaluating the optimal treatment 
strategies in the medium as well as lower risk segments of the diabetic population, to enable 
development of flexible intervention strategies reflecting the risk profiles in the various patient 
segments, thereby avoiding under- and over-treatment.  
 
Aims  
Reducing the incidence of premature cardiovascular morbidity and mortality in diabetic patients by 
50 % by 2020 and normalising it to the level of the background population by 2030. This aim will be 
fulfilled by optimising existing and establishing new scientific communities engaged in basic and 
clinical research on the pathogenesis, screening, prevention and treatment of premature, diabetes-
associated CVD before the development of clinically manifest CVD. Also, exploring the role of 
cellular therapies enhancing vasculogenesis will be explored.  
 
Methods  
The goals listed above will be achieved by stimulating multidisciplinary national and international 
research projects within basic research, epidemiological screening studies and invention trials.  
Basic research will be conducted utilising genomic and proteomic approaches, especially focusing 
on perturbations in lipid and glucose metabolism and the role of low grade inflammation in the 
development of premature CVD. Identification of new, early and specific biomarkers of the 
pathogenic processes should be highly prioritised. Epidemiological screening studies will focus on 
early detection of subclinical cardiovascular changes, aiming to identify and validate new, early and 
specific biomarkers and evaluating non-invasive methods for detection of subclinical CVD. 
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Epidemiological approaches will serve to identify and validate novel biomarkers and evaluate non-
invasive methods for early vascular damage. i) Prospective studies of large cohorts of healthy 
subjects may enable identification of biomarkers prior to the development of overt diabetes; ii) 
Prospective studies of large cohorts of patients with uncomplicated diabetes may enable 
identification of patients susceptible to develop premature CVD and late-diabetic complications; iii) 
Cross-sectional comparisons of cohorts of diabetic patients, with and without premature CVD 
and/or late diabetic complications. This approach may enable identification of late occurring 
biomarkers and late occurring changes to the arterial system present at the time of manifest organ 
damage. Later studies then need to track these biomarkers in patients without manifestations. The 
discovery and validation of novel biomarkers will utilise state-of-the-art protein and proteome 
technologies, including liquid chromatography/mass spectrometry and high-through-put, automated 
immunoassays. Multiplexing of several different markers combined with development of algorithms 
will be applied. The non-invasive evaluation of the arterial system will utilise state-of-the art 
technologies, including semi-automated segmentation of magnetic resonance imaging (MRI) data 
on the carotid plaque-burden and composition, as well as central pulse wave analysis and aortic 
pulse wave velocity assessment based on applanation tonometry and oscillometric techniques. 
Intervention trials. Supporting investigator initiated clinical trials evaluating multi-factorial primary 
intervention strategies in well-defined risk segments of the diabetic population (high, low and 
medium risk). Stimulating research on individually tailored secondary preventive measures aimed 
at reducing the higher post-event mortality and morbidity seen in the diabetic population. Close 
collaboration with the Steno Diabetes Centre will be prioritised. In addition, the role of vascular and 
stromal stem cells in inducing vasculogenesis will be explored as an emerging novel approach of 
treatment of macrovascular complications of cardiac and peripheral limb ischaemia. 
 
Perspectives  
Intensified research in the pathogenesis of premature CVD will lead to identification of new 
biomarkers and new treatment modalities. This is a prerequisite for optimising the treatment of 
diabetic patients. Furthermore, an improved identification of high-risk patients and implementation 
of evidence based intervention strategies, adapted to varying risk profiles, will strengthen the use 
of individualised therapy that may be offered at an early time point to prevent complications for 
patients at risk, and importantly, limit the use of unnecessary treatment to patients not at danger.  
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WP9: Microvascular Complications: Retinopathy, Nephropathy and Neuropathy 
Jakob Grauslund (principal investigator), Søren Tang Knudsen (principal investigator), Anne Katrin 
Sjølie, Niels Ejskjær, Michael Larsen, Toke Bek, Peter Rossing (senior investigator)  
 
International collaboration: Professor Tien Wong (Centre for Eye Research Australia, Melbourne, 
Australia, and Singapore Eye Research Institute), Professor Thomas W. Gardner (Kellogg Eye 
Center, Ann Arbor, USA), Professor Per-Henrik Groop (University of Helsinki, Finland), Professor 
Coen Stehouwer (University Medical Centre, Maastricht, the Netherlands), Professor Dan Ziegler 
(Diabetische Forschungsinstitut, Düsseldorf, Germany), Professor Solomon Tesfaye (The Royal 
Hallamshire Hospital, Sheffield, UK) and Professor Rayaz Malik (Central Manchester University 
Hospitals, UK).  
 
Background  
Diabetic retinopathy, nephropathy and neuropathy constitute leading causes of visual impairment,  
end stage renal disease and amputations worldwide, despite intensive treatment of 
hyperglycaemia, elevated arterial BP and other preventive measures. Cumulative hyperglycaemia 
causes abnormalities in endothelial and vascular muscle cells as well as a progressive loss of 
nerve fibre function. This may lead to structural and functional damage of the eyes, kidneys and 
nerves. In patients with long-term T1D, prevalences of retinopathy, neuropathy and nephropathy 
have been reported at 97 %, 53 % and 33 %, respectively (1).  
 
Aims  
To enable earlier diagnosis of microvascular complications and their precursor conditions, to 
identify mechanisms of pathophysiology and to develop and test new interventions in relevant 
clinical test populations. The investigators will collaborate and coordinate basic and clinical studies 
of pathogenesis, diagnosis, screening, prevention and treatment of microvascular complications of 
diabetes in large study populations.  
 
Methods  
Basic science:  
Recent advances in molecular and cellular biology as well as genomic and proteomic technology 
have uncovered numerous biomarkers (e.g. markers of endothelial injury, advanced glycation end-
products (AGE’s) and growth factors), which are currently being investigated as putative risk 
factors suitable for screening purposes and as potential targets for systemic and focal 
pharmacological intervention (2). Molecular genetics studies have a potential to contribute to the 
understanding of diabetes complications. The Academy will provide an opportunity to collect 
molecular genetic information on well-characterised patient groups. Markers of autoimmunity and 
autoinflammation are also important to describe the pathophysiology of this triopathy.  
Clinical science:  
Retinopathy research utilises newly developed methods such as in vivo retinal microscopy (optical 
coherence tomography and adaptive optics fundus imaging), vascular function studies (retinal 
vessel diameter dynamics and branching patterns), objective studies of neuronal function 
(electroretinography, dark adaptometry), all contributing to the elucidation of early abnormalities of 
the pathophysiology of diabetic retinopathy. These methods now make it possible to evaluate the 
retinal response to pharmacological and non-pharmacological treatments of visual threatening 
diabetic retinopathy.  
Nephropathy investigations include qualitative aspects of systemic arterial BP, including impaired 
diurnal BP variation (“non-dipping”), morning BP “surge”, pulse pressure, central BP, indices of 
large artery stiffness and BP variability (2) - all investigated as risk factors and possible targets for 
pharmacological intervention; Optimisation of current treatment strategies and development of new 
intervention principles; Early identification of high risk patients and intervention studies to prevent 
or delay progression of nephropathy (3). 
Neuropathy research focuses on the pathophysiology of diabetic polyneuropathy (4) (e.g. foot 
ulceration and amputations, painful diabetic neuropathy) and autonomic neuropathy (5) (e.g. GI-
dysmotility and glycaemic control, cardiac disease, arrhythmias and sudden dead-in-bed 
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syndrome). Research methods include QST (quantitative sensory testing), analyses of heart rate 
variability, sudomotor and pupillary reflexes, confocal cornea microscopy, neuronography, 
biochemical biomarkers, skin/nerve-biopsies and symptom questionnaires. 
 
Perspectives  
Reducing the incidence and prevalence of the disabling microvascular complications of diabetes, 
retinopathy, nephropathy and neuropathy will vastly improve the quality of life for a considerable 
subset of the growing number of subjects living with this chronic disease. Lowering the number of 
subjects suffering from visual loss, end stage renal failure and/or diabetic foot ulcers and 
amputations will reduce social and health care expenditures (6). Importantly, subjects with 
microvascular disease, particularly nephropathy, are at greatly increased risk of developing 
macrovascular disease; hence, successful prevention of microvascular disease can be expected to 
reduce the incidence of macrovascular events and thereby reduce the overall mortality. The 
investigators will study the primary pathogenesis of microvascular complications in diabetes and 
will develop the use of secondary organ-specific interventions to be optimally integrated with 
improved primary diabetes treatment. 
 
References 
1. Grauslund J, Green A, Sjølie AK. Prevalence and 25 year incidence of proliferative retinopathy 

among Danish type 1 diabetic patients. Diabetologia. 2009;52:1829-35.  
2. Knudsen ST, Laugesen E, Hansen KW, Bek T, Mogensen CE, Poulsen PL. Ambulatory pulse 

pressure, decreased nocturnal blood pressure reduction and progression of nephropathy in 
type 2 diabetic subjects. Diabetologia 2009;52:698-704.  

3. Joergensen C, Hovind P, Schmedes A, Parving HH, Rossing P. Vitamin D levels, 
microvascular complications, and mortality in type 1 diabetes. Diabetes Care 2011; 34:1081-5. 

4. Andreassen CS, Jakobsen J, Ringgaard S, Ejskjaer N, Andersen H. Accelerated atrophy of 
lower leg and foot muscles--a follow-up study of long-term diabetic polyneuropathy using 
magnetic resonance imaging (MRI). Diabetologia 2009;52:1182-91.  

5. Frøkjaer JB, Ejskjaer N, Rask P, Andersen SD, Gregersen H, Drewes AM, Funch-Jensen P. 
Central neuronal mechanisms of gastric electrical stimulation in diabetic gastroparesis. Scand J 
Gastroenterol 2008;43:1066-75. 

6. Gaede P, Valentine WJ, Palmer AJ, Tucker DM, Lammert M, Parving HH, Pedersen O. Cost-
effectiveness of intensified versus conventional multifactorial intervention in type 2 diabetes: 
results and projections from the Steno-2 study. Diabetes Care 2008;31:1510-1515. 

 



11-07-2012 Danish Diabetes Academy application to the Novo Nordisk Foundation 
 

Appendix 7 20

WP10: Fat Cells and Obesity 
Susanne Mandrup (principal investigator), Nils Færgeman, Jacob B. Hansen, Steen Bønløkke 
Pedersen, Blagoy Blagoev, Irina Kratchmarova, Moustapha Kassem, Bjørn Richelsen, Jan 
Nedergaard (senior investigator) 
 
International collaboration: Professor Barbara Cannon and Professor Jan Nedergaard (University 
of Stockholm, Sweden), Professor Sven Enerbäck (University of Gothenburg, Sweden), Gordon 
Hager (National Cancer Institute, National Institutes of Health, Bethesda, USA), Professor Peter 
Tontonoz (University of California LA, USA), Associate Professor Eric Kalkhoven (University of 
Utrecht, The Netherlands).  
National collaboration: NNF Center of Proteomics and the NNF Stem Cell Centre. 
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Background 
The adipose tissue constitutes the major tissue for energy storage in mammals. The majority of fat 
cells (adipocytes) in the body are so-called white adipocytes, the main function of which is to store 
energy as fat (triacylglycerides) during times of plenty and release fatty acids as fuel for other cells 
in the body during times of low energy intake. In addition, mammals have a variable amount of so-
called brown adipocytes, which also store energy as triglycerides, but which are specialised in 
dissipation of metabolic energy for release of heat and maintenance of body temperature. This 
ability of brown adipocytes to produce heat relies on their high content of mitochondria and 
expression of the uncoupling protein 1. Brown adipose tissue is particularly abundant in hibernating 
animals and in newborn mammals, but recently also adult humans demonstrated to have brown 
adipose tissue at discrete locations in the upper neck and chest (1). In addition, it has been 
demonstrated that brown-like adipocytes (‘brite’ adipocytes) can arise by transdifferentiation of 
white adipocytes exposed to long-term treatment with synthetic PPARγ or beta-adrenergic agonists 
(2). Currently, one of the hottest questions in the field of adipocyte development is the identification 
of the signals and molecular mechanisms determining whether a stem cell develops into a brown 
or a white adipocyte. The long-term perspective of this is that one may be able to increase brown 
adipose tissue activity and alleviate obesity. Adipocytes also play a very important endocrine and 
paracrine role by secretion of numerous adipokines regulating the function of other cell types and 
tissues (3). These include famous adipokines such as leptin, which regulates appetite and energy 
homeostasis; and adiponectin, which regulates insulin sensitivity; as well as a numerous cytokines 
involved in inflammatory responses. The precise way by which the adipocyte communicates with 
other cell types and tissues as well as the way obesity affects this communication is not fully 
understood and is an area of intense investigation. It is well established that obesity is associated 
with increased risk of developing systemic IR and T2D. One of the major reasons for this is that 
adipocytes of obese people are less insulin sensitive due to the increased size of the adipocytes 
and due to increased infiltration with macrophages. This leads to increased lipolysis and decreased 
expression of adiponectin both of which negatively affects the insulin sensitivity of muscle and liver.  
Interestingly, adipocytes from subcutaneous adipose tissue appear to be more insulin sensitive 
and to have much fewer negative effects compared to adipocytes from the visceral adipose tissue. 
Thus, another challenge for the future will be to determine the underlying molecular mechanism of 
this difference and determine whether adipocyte stem cells in the different depot are programmed 
differently. 

Aims 
The overall aims of this WP are:  
1. To obtain in-depth knowledge of the transcriptional networks and epigenetic modulators 

controlling differentiation of white and brown preadipocytes, respectively, and to understand the 
role of specific signalling networks.  

2. To determine whether stromal stem cells in different adipose depots are programmed 
differently and whether this programme is affected by obesity and lifestyle. 

3. To increase our understanding of the crosstalk between adipocytes and other cell types 
including the emerging role of interaction between bone, fat and beta cells of the pancreas.  
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4. To understand how obesity and lifestyle impact the intercellular crosstalk, including 
inflammatory signals. 

Methods 
We will use primary preadipocyte cultures and preadipocyte cell lines from derived humans as well 
as rodent stromal cells to address mechanistic questions relating to adipocyte differentiation and 
function. We will employ a number of unbiased approaches including genome-wide profiling of 
chromatin structure and transcriptional regulators (4,5) as well as quantitative proteomics (6) to 
identify novel regulators of white and brown adipocyte differentiation. This will be combined with 
targeted approaches investigating the role of specific factors by loss- and gain-of-function 
experiments using lentiviral vectors for shRNA-mediated knockdown and 
adenoviral/lentiviral/retroviral approaches for ectopic expression. In addition, mechanistic aspects 
of key regulators will be investigated by detailed molecular studies to indentify interaction partners 
and modes of regulation.  
Human preadipocytes from different white adipose depots (visceral and subcutaneous) and from 
patients with or without IR will be compared with respect to their adipogenic potential as well as 
their metabolic properties and secreted adipokines. To identify the mechanisms underlying the 
different properties we will compare the epigenome and transcriptional network of the 
preadipocytes and analyse their response to differentiation stimuli. The crosstalk between 
preadipocytes/adipocytes and surrounding macropahges and other cell types will be investigated 
by co-culture/conditioned media and the impact of hypoxia will be investigated. 

Perspectives 
By increasing our knowledge of adipocyte differentiation and function as well as the crosstalk with 
other cell types, we expect to be able to better understand how obesity can be regulated and how 
the adverse effects of obesity can be controlled. One interesting perspective is that the enhancing 
brown fat cell differentiation and function in humans may be able to alleviate obesity by increasing 
energy expenditure. 
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WP11: Pregnancy and Diabetes 
Dorte Møller Jensen (principal investigator), Per Ovesen, Elisabeth Mathiesen, Rikke Beck Jensen, 
Claus Højbjerg Gravholt, Jan Stener Jørgensen, Peter Damm (senior investigator) 
 
International collaboration: Professor Patrick Catalano (Case Western Reserve University, 
Cleveland, USA), Associate Professor Ulf Hansson (Akademiska Sjukhuset, Uppsala, Sweden).  
National collaboration: JDRF: As our studies address prevention of diabetes in children and young 
adults, is expected to be of interest for JDRF. On this background we will try to establish 
collaboration.   
 
Background  
Denmark has a longstanding tradition in the research field diabetes and pregnancy, and we have 
managed to stay at the international top level. A number of papers are results of collaboration 
between the Danish centres for Diabetes and Pregnancy. Despite improved clinical results during 
the past 20 years, our studies show that outcomes for Danish pregnant women with diabetes 
and/or obesity are far from satisfactory:  
T1D: Increased risk of preterm delivery and preeclampsia (x 4-7), major congenital malformations 
(x 2), perinatal mortality (x 2-4), caesarean section and macrosomia (x 4) (1). The offspring has an 
increased risk of developing diabetes/pre-diabetes, overweight and the metabolic syndrome in 
early adulthood (x 2-4) (2). Cognitive function in offspring was also affected. Studies on improving 
efficacy of insulin regimens in pregnancy are therefore of major interest (3).  
T2D: Similar results - or worse.  
GDM: Increased risk of various pregnancy complications (4). The offspring has an increased risk of 
diabetes/pre-diabetes (x 8), overweight (x 2) and the metabolic syndrome (x 4) in early adulthood 
(2). Recently, new international criteria for GDM have been proposed (5). The clinical and 
economic consequences of applying these to the Danish population are unknown.   
Glucose-tolerant obese pregnant women and women with excessive gestational weight gain: 
Increased risk for pregnancy and perinatal outcomes as for GDM, but with lesser magnitude (5). 
There are indications of increased risk of obesity and other metabolic risk factors in offspring of 
women with obesity and/or excessive gestational weight gain.  
Exposure to intrauterine hyperglycaemia, obesity and gestational weight gain contributes to the 
epidemic through a vicious cycle passing increased susceptibility on to the next generation via 
pathways which are only sparsely understood (6). To identify risk groups is therefore essential to 
target preventive strategies.  
 
Aims 
1. To examine long-term consequences of a hyperglycaemic intrauterine environment and 

address possible epigenetic mechanisms. 
2. To study effects of lifestyle interventions in pregnancy on offspring metabolism and growth in 

childhood.  
3. To improve diagnosis and treatment of hyperglycaemia and obesity in pregnancy. 
 
Methods  
Offspring of women with T1D and offspring of the background population will be examined in 
puberty and early adulthood with clinical and metabolic characterisation, body composition, 
cognitive tests and quality of life questionnaires. Detailed pregnancy data on mothers are available 
from a national registry (1). A selected subgroup will be investigated by state-of-the-art metabolic 
characterisation including biopsies from muscle and subcutaneous fat. Additionally, discovery-
mode global approaches with new technologies will be applied. Similar methods will be applied in 
adult offspring from mothers with GDM and the background population as a follow-up of previous 
studies (2). A register-based study of diabetes-exposed and age- and sex-matched controls will be 
performed to determine the effect of intrauterine hyperglycaemia on congenital malformations, 
morbidity and mortality in childhood.  
The Life-style in Pregnancy (LiP) Study was a randomised controlled trial with lifestyle intervention 
in obese pregnant women (7). Mother-child pairs from this study and a control group of mother-
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child pairs characterised by maternal normal pre-pregnancy weight will be used to study effects of 
maternal obesity, lifestyle interventions and Vitamin D on perinatal outcomes and early childhood 
metabolism, growth and bone mineralisation. Methods include: Clinical and metabolic examination, 
anthropometrics, Dual-energy X-ray absorptiometry (DEXA) scans and questionnaires on 
morbidity, diet and duration of breastfeeding. 
A multicenter randomised controlled trial in women with insulin-treated GDM will be performed to 
compare different insulin regimens regarding effects on birth weight, perinatal morbidity, maternal 
glycaemic control and hypoglycaemia. In another study, prospective testing of a large number of 
consecutive pregnant women with oral glucose tolerance test is planned to evaluate the new 
international GDM criteria in a Danish population. Comparison of clinical outcomes and cost-
effective analyses will be done.  
 
Perspectives  
These large prospective cohorts with detailed information on pregnancy allow us to examine long-
term consequences of a hyperglycaemic intrauterine environment. The studies will increase our 
knowledge of the specific molecular signature of intrauterine exposure to hyperglycaemia in human 
tissues. This will form the basis of targeted intervention either pharmacological or by other means.  
Intervention studies in pregnancy will enable us to investigate predictors for short-term and long-
term offspring morbidity and the effect of intervention can be evaluated directly.  
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WP12: GLP-1 (Patho)Physiology and Treatment 
Tina Vilsbøll (principal investigator), Filip K. Knop (principal investigator), Jørgen Rungby, Jens J. 
Holst (senior investigator) 
 
International collaboration: Professor Christopher B. Newgard (Duke University, Durham, USA), Dr. 
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Background  
During the past decades, it has become clear that the gastrointestinal tract plays a pivotal role in 
the regulation of glucose homeostasis. The description of the gut incretin hormones (GIP and GLP-
1) - secreted from endocrine cells in the intestine in response to nutrient ingestion - and their 
pleiotropic effects in several organs of importance for glucose metabolism have paved the way for 
new and promising antidiabetic treatment modalities (incretin enhancers and incretin mimetics). 
The so-called incretin effect is exerted by the incretin hormones and accounts for up to 70 % of the 
insulin response following glucose ingestion. The incretin effect is severely reduced in patients with 
T2D. Our group has shown that the reduced incretin effect in patients with T2D is accompanied by 
a reduced postprandial GLP-1 response, a reduced potency of the insulinotropic effect of GLP-1 
and an abolished effect of GIP(1). Recent studies from our group suggest the incretin defect to be 
a consequence of the diabetic state rather than a primary event in the development of T2D, and 
likely to be corrected following stringent glycaemic control. Furthermore, we have shown that a 
temporarily reduction of the incretin effect can be induced by corticosteroids in healthy young men 
without family history of diabetes (2). Recently, we have shown that patients with T2D are unable 
to regulate the incretin effect to the same extent as healthy subjects; a deficiency likely to play a 
central role in the inability of these patients to secrete sufficient amount of insulin to prevent 
postprandial hyperglycaemia (3). Also, recently we have described a new pathophysiological trait 
in patients with T2D: hyperglucagonaemia following oral glucose, but intact ability to suppress 
glucagon during isoglycaemic iv glucose infusion (4). This observation has led to the initiation of a 
number of clinical studies aiming to elucidate whether intestinal-derived hormones elicit 
hyperglucagonaemia in patients with T2D or whether the patients secrete glucagon directly from 
the intestine. Preliminary results point toward gut-derived glucagon and GIP as culprits in diabetic 
hypersecretion of glucagon (5). Additionally, our group is delineating the mechanisms behind the 
immediate remission of T2D occurring in most patients following the bariatric surgical procedure 
Roux-en-Y gastric bypass (RYGB); a phenomenon underscoring the significance of the small 
intestine as an endocrine organ of importance for the maintenance of normal glucose handling, the 
pathophysiology of T2D and the future treatment of T2D(6). 
 
Aims 
The present WP encompasses studies with the overall aim to understand the role of the 
gastrointestinal tract and gut-derived hormones in human physiology and diabetic pathophysiology. 
Eight conglomerates of clinical studies form the basis of the WP. The individual aims of each 
conglomerate are: 1) to procure anatomical and physiological characterisation of intestinal 
endocrine cells for a) delineation of their role in normal glucose metabolism, b) optimisation of 
surgical treatment of T2D and c) exposure of new targets for medical treatment modalities; 2) to 
provide details of the involvement of the gastrointestinal tract and the incretin hormones in the 
pathophysiology of diabetes (T1D, T2D, GDM and maturity-onset diabetes of the young); 3) to 
dissect the role of the central and peripheral nervous systems in postprandial glucose metabolism 
(with particular focus on the importance of hepatic and intestinal innervation for the endocrine and 
central effects of GLP-1); 4) to determine the physiological and pathophysiological implications and 
the antidiabetic treatment potential of bile-induced GLP-1 secretion; 5) to describe the acute 
metabolic and haemodynamic effects of GLP-1 on peripheral blood vessels and in the live human 
heart; 6) to map the endocrine impact of GIP - including its potential role as a bifunctional glucose 
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stabiliser - in humans and further characterise the pathophysiological role of ‘GIP resistance’ in 
T2D patients; 7) to identify the role of gut microbiota for the secretion of gastrointestinal hormones 
including the incretin hormones in healthy and diabetic subjects; and, lastly 8) to delineate the role 
of the gut in one of the hallmark pathophysiological traits of T2D: hyperglucagonaemia.  
 
Methods 
In order to achieve the above-mentioned objectives a wide range of surgical, physiological and 
molecular biological methods will be applied. These encompass (among others) isocaloric meal 
tests, oral glucose tolerance tests and isoglycaemic iv glucose infusions, euglycaemic, 
hyperglycaemic and hypoglycaemic clamp experiments with stable tracer infusions, double-balloon 
enteroscopies with biopsies from the entire length of the gastrointestinal tract, and from 
strategically relevant anatomical locations following RYGB, employment of duodenal-jejunal 
bypass sleeves, duodenal intubation for evaluation of intraluminal bile acid concentrations, 
receptor signalling experiments, immunohistochemistry and deoxyribonucleic acid (DNA) and RNA 
quantification methods including microarrays. Additionally, ultrasound scans (for gall bladder 
emptying and flow measures) and intracoronary catheters and ultrasonic probes (for metabolic 
substrate and coronary perfusion measures) will be utilised. Also, a number of different patient 
categories will be investigated e.g. patients with diabetes, RYGB-operated subjects, 
cholecystectomized patients and patients with cerebrotendinous xantocromatosis (a human ‘bile 
acid knock-out model’). 
 
Perspectives 
The unravelling of the role of the gastrointestinal tract and gut-derived hormones in human 
physiology and diabetic pathophysiology is of major importance for the physiological understanding 
of postprandial glucose homeostasis and the determination of mechanisms at the root of diabetic 
pathophysiology. Thus, we hope to further characterise the gastrointestinal tract as a pivotal organ 
in human glucose metabolism and, thereby, to provide new targets for anti-diabetic treatment 
modalities rooted in well-described (patho)physiological mechanisms. 
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WP13: Diabetes Technology 
Kirsten Nørgaard (principal investigator), Claus Juhl, Jesper Johannesen, Niels Ejskjær, Jens 
Sandahl Christiansen (senior investigator) 
 
International collaboration: Professor Frank Doyle (University of Santa Barbara, USA) and 
Professor Roman Hovorka (University of Cambridge, UK).  
National collaboration: In the future, the DIACON collaboration would improve by being a more 
formal collaborating centre within the JDRF artificial pancreas project as we already work with 
more of the other eight JDRF-APP-clinics.    
 
Background 
Patients with diabetes experience an overall shortening of life spans of about 10 years due to late 
complications of diabetes – and many suffer from diabetic complications for years with greatly 
reduced quality of life. This is in general attributable to early development of diabetic complications 
induced by suboptimal diabetes control. To obtain tight glycaemic control throughout a diabetes life 
is very difficult and almost impossible for most patients. With the current available tools, the task 
requires 24 hour attention and judgments from the diabetic patients on self-monitoring of blood 
glucose results, on food content of carbohydrate, effect of exercise and especially how much 
insulin to take in each situation. Despite their efforts many patients experience episodes with 
severe hypoglycaemia and inability to take care of themselves. Furthermore, all patients need 
regular support from health care providers in general practice or hospitals to make treatment 
decisions and contact with health care providers for advices on how to act with their disease in 
general. The need for frequent monitoring in general practice or in hospital of vital measures such 
as BP, blood tests, urine examination, foot examination, eye examination, psychological heath – 
just to mention a few – also adds tremendous challenges to health systems everywhere.  
 
Over the past decades, medical technologies have developed rapidly and sensor technologies are 
now available for a number of tasks. A few examples are CGM and smart “insulin pumps” (CSII) 
with the possibility to get bolus calculation advices. The JDRF artificial pancreas project already 
shows promising results on this topic (1). Telemedicine to secure patient treatment at a distance is 
being introduced in close collaboration with a number of sensor technologies.   
 
Aims 
The overall aims of this WP are: 
1. To develop a closed loop system for insulin delivery; 
2. To optimise the patients’ and health care providers’ use of current technologies for support in 

diabetes treatment decisions;  
3. To design and develop new technologies for treatment support purposes; 
4. To develop information technology (telemedicine). 
 
Methods 
a) Development of the closed loop system for insulin delivery 

Algorithms for insulin infusion based on CGM data are available (1) and we want to optimise 
these and test them in a row of different clinical settings. As new types of insulin with shorter 
action profiles and better CGM systems in near future are available, these will be adapted, 
included and tested in our setting. This part of the package will be done in close collaboration 
with co-workers at the Technical University of Denmark and Novo Nordisk AS. The work and 
collaboration have been running for a few years now, named the DIACON project (2).  

b) Optimal use of available technologies  
To introduce and persuade the patients continuously to use new technologies in treatment of 
diabetes can be a challenge. The focus area in our WP on this topic should be on the patient’s 
use and the health care providers’ support of the available technology. Which educational and 
other tools can enhance and improve the use of these new technologies as for example CGM 
(3)? 
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c) Design and development of new technologies 
This part includes development and design of devices which are easy and intuitive to use, 
require little or no calibration, affect the everyday living of the patient as little as possible and 
support the communication between the patient and the health care providers. Adults as well 
as children and their health care providers need supporting decision tools for the treatment of 
diabetes, and focus will be on that aspect as well. As fear of severe hypoglycaemia is a barrier 
for optimal treatment, development and testing of reliable hypoglycaemia alarm devices for 
T1D patients with hypoglycaemia unawareness will be addressed in this WP (4).   

d) Development of information technology (telemedicine) 
Former hospital-based testing is currently being transferred to more inexpensive primary sector 
point-of-care settings and a number of vital sign test methods are possible candidates for this 
purpose. Developing tele-healthcare is of a more general character and is a method capable of 
transmitting these data and any other data from self-monitoring at home or in a primary sector 
setting to the specialist in the hospital, allowing the specialist to diagnose and treat at a 
distance (5). Studies are ongoing aiming at moving patients physically from outpatient clinics to 
their homes or to the primary health sector and discharging hospitalised patients earlier to their 
homes or to the primary sector, using these new virtual treatment tools. Combined clinical and 
technological research studies are greatly needed to secure patient safety, patient satisfaction 
and to establish optimal organisation and financial arrangements. 

 
Perspectives 
In a foreseeable future health care systems and health care delivery will transform on the basis of 
new medical technical solutions. Administering individual health care solutions, diagnostically and 
therapeutically, at a distance and on the basis of disposable sensor technology and a generic IT-
platform will become everyday life for all people with diabetes. The specific aims will be to secure 
safe and efficient treatment for all. The overall perspective will be to reduce the frequency of 
diabetic complications and increase life lengths and quality of life for people with diabetes. 
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WP14: Diabetes Epidemiology 
Daniel Witte (principal investigator), Kaare Christensen, Bendix Carstensen, Marit E. Jørgensen, 
Anders Green, Henrik Toft-Sørensen, Knut Borch-Johnsen (senior investigator) 
 
International collaboration: Prof. Mika Kivimäki, Prof. Aroon Hingorani, Dr. Eric Brunner (University 
College London, UK) and Dr. Christian Herder (German Diabetes Center, Düsseldorf, Germany).  
National collaboration: the NNF Center for Basic Metabolic Research.  
 
Background 
Successful translation of promising basic research findings into clinical practice requires a detailed 
understanding of the interaction between the newly described mechanisms and the complex 
network of known risk factors in large populations under real life conditions. While many single 
associations between risk factors or biomarkers and the risk of diabetes are known, often the 
causality of these associations is still under discussion. A detailed view of the temporal sequence 
in which interacting metabolic systems decompensate in the lead up to T2D can help clarifying how 
newly described mechanisms fit in to the causal chain. We have previously used trajectory of 
change analyses in well-characterised cohorts with repeated cardiovascular and metabolic 
assessments to obtain a unique view of this temporal sequence. Based on this approach, we 
showed that elevation of fasting and two-hour glucose levels occurs in two distinct phases, with a 
marked acceleration two to three years prior to diabetes diagnosis, while insulin release showed an 
early compensatory phase followed by later decompensation (1). We also showed that general low 
grade inflammation (high-sensitivity C-reactive protein (hsCRP)) does not accelerate just prior to a 
diabetes diagnosis (2), while a specific marker of the anti-inflammatory response (IL1ra) does (3). 
We have furthermore used this approach to distinguish the age-dependent from the age-
independent effects of known glucose raising genes, and we are applying it to study changes in the 
pre-diabetic serum proteomic profile (4). 
Despite improvement in the quality of diabetic care in the past decades, diabetes still leads to a 
shortened life expectancy and an elevated burden of disease. Beyond the classical micro- and 
macrovascular complications, patients with longstanding diabetes also experience a higher risk of 
cancer and depression. Study of routine nationwide registers has been instrumental in quantifying 
and describing this burden of disease, and many opportunities for more detailed study of registers 
remain. Denmark offers the unique possibility to link well-characterised large cohorts with registers 
containing information on live status, medication, clinical interventions and diagnoses, and wider 
socioeconomic determinants. We have previously helped establishing the Danish Diabetes 
Register (5), and used it in connection to the Danish Cancer Registry to study the relation between 
diabetes, insulin treatment and cancer. In ongoing projects, we link genetic data from several 
Danish cohorts to the Danish Civil Registration System (the CPR register) to create a new virtual 
cohort of parents and siblings with imputed genotypes and follow these for events through register 
linkage. We further use linkage between prescription records from the Steno Diabetes Center and 
drug dispensation records to study medication adherence. 
 
Aims 
Our central aim is to understand, at a population level, the pathophysiological mechanisms 
determining the progression from diabetes risk, via pre-diabetic states to clinical diabetes, as well 
as those determining progression from early stages of diabetic complications to the occurrence of 
hard clinical events. We will achieve this through novel epidemiological methods combining 
measurement of a wide panel of novel biomarkers in frequently sampled cohorts with data from 
national registers and apply trajectory of change analysis.  
 
Methods 
The epidemiology WP will combine 1) a strong collaborative effort to expand the repeated 
measurement of cardiovascular risk, glucose metabolism and subclinical indicators of diabetic 
complications in new and existing cohorts; 2) extensive database linkage with currently available 
and new nationwide registers; and (3) development and application of novel statistical and 
epidemiological methodology to interrogate these complex datasets intelligently and validly.  
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Our methodological work plan for the next five years encompasses: 

• Creation of a new cohort of people at high diabetes risk, to be followed with detailed and 
repeated assessment of diabetes metabolism (HbA1c, three-point oral glucose tolerance 
test) and early stages of diabetic complications (Pulse Wave Velocity, Intima-Media 
Thickness, Carotid plaque, electrocardiography, albuminuria, retinography) during a five-
year period. 

• Re-assessment of glucose tolerance status and preclinical stages of diabetic complications 
in participants of the ADDITION Denmark study. 

• Extension of existing biobanks with material from additional rounds of clinical assessment. 
• Measurement of novel biomarkers of metabolic and cardiovascular risk in existing biobank 

materials from multiple sequential time points (specific markers of inflammation, oxidative 
stress, advanced glycation end-products, liver function and cardiac damage). 

• Application of trajectory of change analysis in the new and extant cohorts with repeated 
measures, focused on understanding the time sequence of metabolic changes prior to 
diabetes diagnosis and the interaction between novel and known pathophysiological 
mechanisms in large groups of free living individuals. 

• Development and application of the analytical framework for linkage of new and extant 
cohorts with routine register data, including new data sources such as the Danish General 
Practitioners database, and the Danish family structure database. 

 
Perspectives 
The successful integration of cohort and register-based epidemiological research in Denmark 
offers a big opportunity for expansion and deepening our understanding of the way novel and 
known pathophysiological mechanisms act over longer periods of time at the population level, as 
well as for the discovery of new early markers of diabetes risk. This insight is instrumental for the 
translation of promising basic research findings to new treatment and prevention strategies for 
T2D. At this time point, when the extent and accessibility of register-based data is greater than 
ever before, and when the power of high throughput assessment of pathophysiology and 
biomarkers is increasing at ever greater speed, the development of a solid framework for 
integration of these lines of research is urgent as never before. The collaborative nature of this WP 
will furthermore ensure that it serves as an integrative link between the other WPs in the Academy. 
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WP15: Hypertension and Diabetes 
Michael Hecht Olsen (principal investigator), Thomas Sehestedt, Julie Vishram, Per Løgstrup 
Poulsen (senior investigator), Peter Rossing (senior investigator) 
 
International collaboration: ESH Target Organ Damage Cohort: Professor Josep Redon (University 
of Valencia, Spain), Professor Stéphane Laurent (Hôpital Européen Georges Pompidou, Paris, 
France), Professor Enrico Agabiti-Rosei (University of Brescia, Italy), Professor Anna Dominiczak 
(University of Glasgow, UK), Professor Peter Nilsson (Skåne University Hospital, Malmö, Sweden) 
and Professor Lars Lindholm (Umeå University, Sweden). 
 
Background 
1) T2D and hypertension are well-known associated conditions (1) with increased risk of CVD. 
However, the reason for this association remains unclear. At least five hypotheses exist: A) 
Vascular hypothesis: Patients with hypertension often have increased media/lumen ratio in the 
resistance arteries (eutrophic remodelling) and fewer capillaries (capillary rarefaction) reducing the 
maximal blood flow in skeletal muscles with the potential to reduce glucose uptake (2); B) Renal 
hypothesis: Hyperinsulinaemia has been associated with reduced sodium excretion, and IR may 
change the relationship between BP and N-terminal pro brain natriuretic peptide (3), which is a 
natriuretic hormon of importance for BP regulation; C) Sympathetic hypothesis: Obesity is 
associated with T2D and sympathetic hyperactivity, which may lead to hypertension (4). Renal 
denervation is associated with decreased sympathetic activity and increased insulin sensitivity; D) 
Inflammation hypothesis: Chronic low grade inflammation may lead to T2D and hypertension; E) 
Foetal hypothesis: Low birth weight due to foetal growth retardation may lead to future T2D and 
hypertension (5).   
2) T2D and hypertension are known to increase the risk of developing CVD. However, it remains 
unclear whether the predictive value is additive. 
3) Several guidelines recommend BP in patients with T2D to be < 130/80 mmHg. However, a new 
study, ACCORD, showed no benefit on the primary endpoint by reducing the systolic BP <120 vs. 
<140 mmHg. Therefore, the optimal BP goal for patients with T2D remains unresolved. 
Furthermore, it is difficult to reduce the BP below 130/85 mmHg in the daily clinic in patients with 
hypertension and T2D. 
4) Some antihypertensive drugs increase the risk of new onset T2D (6). However, the reason for 
this and the prognostic importance of this treatment-induced new onset diabetes remain unclear. 
 
Aims 
The aim is to investigate: 
1. The relationship between T2D and hypertension. 
2. Whether the detrimental effect of T2D and hypertension is partly additive or supra-additive. 

Whether patients with T2D or glucose intolerance without low grade inflammation (soluble 
urokinase-type plasminogen activator receptor (suPAR) and hsCRP) may be protected against 
later cardiovascular complications. 

3. Which factors are important for achieved BP in patients with T2D and hypertension. Whether 
physical exercise, reduced inflammation by statin and/or optimised diabetic control with less 
hyperglycaemia/IR can improve BP control in patients with T2D and hypertension.  

4. Which factors are important for the development of T2D during antihypertensive treatment and 
the prognostic importance of this type of new onset diabetes. 

 
Material 
Malmoe Prevention Project cohort, Sweden (data ready for analyses). 
MONICA in Glostrup, Denmark (data ready for analyses). 
Danish Twin Registry, Odense, Denmark (data ready for analyses). 
Odense Childrens Cohort, Denmark (a prospective, ongoing study). 
Danish National Diabetes Register, Odense, Denmark (a prospective, ongoing national study) 
ESH Target Organ Damage Cohort, Odense, Denmark (a prospective international study about to 
start). 
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Renal denervation: A prospective clinical study of 40 patients with resistant hypertension included 
during 2012 and 2013 treated with ablation of renal afferent and efferent nerves (6) reducing 
sympathetic nerve activity with approximately 40 %. Before and six months after ablation 
ambulatory BP, IR, micro- and macrovascular damage, renal blood flow and sympathetic nerve 
activity are measured in order to investigate the mechanism underlying the improved insulin 
sensitivity in patients after renal denervation (a prospective study not yet financed). 
Young soldiers examined with clamp and ambulatory BP before and after service in Afghanistan (a 
small study not yet financed). 
 
Methods 
To investigate these questions, we will use the following cohorts: 
1. Hypothesis A, B and C: Renal denervation in patients with resistant hypertension. Hypotheses 

B and D: Malmoe Preventive Project Cohort, Sweden, and MONICA in Glostrup, Denmark. 
Hypothesis C: Stress and IR. Hypothesis E: Danish Twin Registry and Funen Children Cohort, 
Odense, Denmark. 

2. Malmoe Preventive Project Cohort from 1974-1992 follow-up in 2002-2006, 
Danish Diabetes II Registry and ESH Target Organ Damage Registry, Odense, Denmark. 

3. ESH Target Organ Damage Cohort and Danish Diabetes II Registry, Odense, Denmark. 
4. ESH Target Organ Damage Cohort, Odense, Denmark. 
 
Perspectives 
The above-mentioned investigations will increase our understanding of the development of T2D 
and hypertension and their importance for later development of CVD. 
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WP16: Health Promotion, Quality of Life and Prevention of Diabetes 
Annelli Sandbæk (principal investigator), Morten Charles, Helle Terkildsen Maindal, Birthe Olsen, 
Søren Friborg, Torsten Lauritzen (senior investigator) 
 
International collaboration: Simon Griffin (MRC Epidemiology Unit, Cambridge, UK). 
National collaboration: The projects are planned and will be carried out in close collaboration with 
Steno Diabetes Centre, Epidemiology Unit and Health Promotion Unit.  
 
Background 
Lifestyle interventions are core elements in the prevention and treatment of diabetes (1). Treatment 
of diabetes has improved significantly during the past decade, and a recent analysis from the 
Danish National Diabetes Registry estimated that diabetes only leads to reduction in life length of 
around one to four years (2). However, diabetes is also known to be associated with decreased 
quality of life as a result of a complex including co-morbidity, medicalisation and illness perception 
(3). This complexity is far from understood, but studies have shown that people with diabetes have 
a higher risk of suffering from e.g. depression and sexual dysfunction. These associations are, 
however, not unambiguous with level of metabolic control (blood sugar levels), and other factors 
than pharmaceutical metabolic control are therefore important in diabetes care.  
The modern diabetic schools and patient education programmes are an established part of 
diabetes care, but their effects seem to be limited and inconsistent (4), and the field needs further 
research to target vulnerable groups and implementation of interventions in realistic settings. 
Children and adolescents with diabetes represent a special vulnerable group of patients. Young 
people with diabetes appear to have a greater incidence of psychiatric disorders and children with 
recurrent diabetic ketoacidosis are more likely to suffer from psychiatric disorders than children in 
good metabolic control. Also depression has been associated with poor glycaemic control and 
increased hospitalisations. Adolescence is the transitional phase of development between 
childhood and adulthood incorporating the biological and psychosocial changes of puberty. It 
imposes unique challenges on the individual with diabetes, their family and the diabetes care team. 
Most adolescents adapt well to puberty, but their health care and emotional needs are different 
from those of younger children or older adults. There is a potential danger that young people 
become lost in the transition process and cease regular attendance at the specialised service. This 
is likely to be associated with poor adherence to treatment with increased risk of acute and long-
term complications of diabetes including increased mortality. Coping with the diagnosis of diabetes, 
the treatments and the lifestyle changes it demands is a challenging task. Thus, the health 
promotion initiative for patients with diabetes across the life span needs to be improved. 
 
Aims 
1. To describe quality of life and self-reported health status in a population with screen-detected 

diabetes over 10 years and to identify mechanisms affecting quality of life. 
2. To develop and evaluate a “care-strategy” for adolescents with T1D. 
3. To develop and evaluate health-promoting activities in primary care settings to prevent 

diabetes and diabetic complications and to improve overall quality of life for people with 
diabetes and for people at risk of diabetes.  

 
Methods 
Aim 1: The ADDITION study (5) is a trial on early detection and multifactorial treatment of T2D in 
primary care. In Denmark, more than 160,000 were invited to participate in a stepwise screening 
programme, around 28,000 persons were tested with a random blood test, and 1,533 patients were 
identified with T2D during 2001-2006. These patients were extensively examined physically, and 
different measures of quality of life were assessed through validated questionnaires, at baseline 
and at five-year follow-up. A 10-year follow-up is planned to take place in 2013 focusing on quality 
of life and health status measures, micro- and macrovascular complications and various measures 
describing the metabolic control.  
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Aim 2: The Danish Registry for Diabetes in Childhood was opened in 1996 and includes data on all 
children and adolescents with diabetes. The data include psychometric data and data on treatment 
regiments, metabolic control and screening for micro- and macrovascular complications. By 
questionnaire: DAWN™ MIND™ Youth Questionnaire (MY-Q). The MY-Q has 36 questions, 
divided into key quality of life domains: General quality of life, Social life, Mental health, Mood, 
Body and weight, Living with diabetes, Events and Additional information. 
 
Aim 3: A health promotion strategy focusing on lifestyle changes for use in the primary health care 
system is ready for implementation and will be tried out in different settings: 

• The STOP-UP trial (The Study of Proactive, United Preventive Health Checks in General 
Practice and Community settings in Denmark) planned to be carried out in a number of 
communities from 2012 to 2017. Embedded is a diabetes prevention project including 
obese persons with 42 mmol/mol (6.0 %) < HbA1c < 48 mmol/mol (6.5%). People with a 
diagnosis of pre-diabetes will be randomised to innovative health promotion interventions or 
usual care. Effects will be measured on health related quality of life, risk of diabetes and 
CVD. A pilot action research project has been finalised in June 2011, in which realistic 
interventions are developed in collaboration with general practitioners in two large Danish 
regions.  

• A project with the aim of preventing diabetes in women with previous GDM will be carried 
out based on a register of GDM in the Central Denmark Region. The first step is a survey 
aiming to identify potential risk factors for developing diabetes in women with previous 
GDM. The survey will supply the necessary information for the next step: a randomised 
intervention giving women in the intervention group specialised training courses in Health 
Centres.       

Perspectives 
The diabetes prevalence is rising, and novel approaches are needed to improve health promotion, 
the management of diabetes and risk conditions, strategies enhancing quality of life and promoting 
healthy behaviour in general, and in vulnerable groups in particular. This WP will provide a strong 
research platform in this complex field. 
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WP17: Exercise in Prevention and Treatment of Diabetes  
Jørgen Wojtaszewski (principal investigator), Niels Jessen, Bente Kiens, Kurt Højlund, Jens Steen 
Nielsen, John Nolan, Erik Richter (senior investigator) 
 
International co-workers: Professor Laurie Goodyear (Joslin Diabetes Center, Boston, USA), 
Professor Jørgen Jensen (Norwegian School of Sport Sciences, Norway). Dr. Kei Sakamoto 
(University of Dundee, Scotland), Professor Greg (University of Michigan, Ann Arbor, USA) and 
Greg Steinberg (MacMaster University, Kingston, Canada). 
National collaboration: NNF Center for Basic Metabolic Research.   
 
Background 
A physical active as opposed to an inactive lifestyle is expected to have major socioeconomic 
impact due to its potential for preventing/treating lifestyle diseases and increasing quality of life. 
Physical activity markedly influences cellular energy homeostasis and improves lipid and glucose 
metabolism, and an acute bout of exercise and exercise training improves the action of insulin 
even in states of IR (1,2). On the other hand physical inactivity induces IR which is likely the 
underlying cause of the many disorders associated with the metabolic syndrome (3,4,5). 
Physical activity induces substrate metabolism, molecular signalling and gene transcription in 
several body tissues of importance for insulin sensitivity. In addition, microvascular perfusion is 
impaired in T2D and in other states of IR (6). Physical activity influences microvascular perfusion 
and improves its insulin sensitivity and this likely creates better conditions for delivery of hormones 
and metabolites to various tissues and thereby tissue metabolism. Thus, mechanistic research in 
the field of exercise and physical Inactivity has the potential to identify new drug targets of 
importance for regulation of cellular metabolism/insulin sensitivity (7).  
 
Aims 
1. To explore the hypothesis that exercise resistance (non-responders) is a contributing factor 

causing IR by preventing the otherwise metabolic health promoting effects of exercise in 
various populations at risk of IR, T2D, PCOS, obesity and low birth weight. 

2. To explore whether maternal or paternal exercise can cause lasting changes in gene activity of 
importance for metabolic and cardiovascular health in offspring through epigenetic 
mechanisms. 

3. To elucidate the molecular mechanism for exercise and exercise training to improve insulin 
sensitivity, and use this information to indentify new drug targets “The Exercise pill” in the 
combat of IR and T2D. 

4. To explore the mechanism for the detrimental effects of energy and fuel surplus for cellular 
insulin action potentially involving sirtuin (SIRT), AMP-activated protein kinase (AMPK) and 
peroxisome proliferator-activated receptor gamma coactivator 1 alpha (PGC1a) signalling and 
lipotoxicity, and to explore the potential and the mechanism for exercise to improve insulin 
sensitivity in such conditions.  

5. To explore the influence of fatty acid transport, esterification and/or lipolysis in skeletal muscle 
to IR and the effect of physical activity hereon. 

6. To elucidate the importance of physical activity on microvascular perfusion on skeletal muscle  
metabolism and insulin sensitivity in T2D.     

 
Methods 
This WP will focus on mechanistic studies in model systems and functional evaluation/descriptive 
human studies. Thus, cell and animal studies in combination with genetic and pharmacological 
manipulations will be used to gain mechanistic knowledge. The intact animal will be studied in our 
Phenotypic Test Facilities, including measures of metabolic rate and substrate oxidation at rest and 
during exercise both in basal conditions and during stimulation (e.g. insulin clamp).  Organs, in 
particular, skeletal muscle will also be investigated ex vivo during perfusion or incubation in the 
basal un-stimulated state or during muscle contraction. Invasive human experiments enable us to 
study metabolic responses at the whole body level (indirect calorimetry, stable isotope) as well as 
local responses (e.g. by applying the arterio–venous balance technique). These measures will be 
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supplemented with analyses of metabolites, enzyme expression/activities and cellular signalling 
events in biopsy material obtained from skeletal muscle and fat biopsies. Using global screening 
tools or specific qRT-PCR measures of transcriptional activity will be obtained.  Using ultrasound 
Doppler technique, total blood flow can be estimated and by applying contrast-enhanced 
ultrasound with micro-bubble infusion, estimates of capillary perfusion can be obtained in human 
and animal settings.   
 
Perspectives 
This WP provides a research environment focusing on integrative physiology in combination with 
molecular insight, thus offering postdocs a true translational environment (from molecule to 
human/patient and from human/patient to molecule). Understanding the mechanism by which 
exercise interventions may prevent diseases related to IR or may improve peripheral insulin 
sensitivity in subjects with IR may ultimately improve the basis for lifestyle recommendations. This 
knowledge may ultimately provide the basic insight needed in developing an effective 
pharmacologically based treatment or prevention regime.  
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WP18: Developmental Programming of Diabetes and Metabolism  
Allan Vaag (principal investigator), Rasmus Ribel-Madsen, Kirsten O. Kyvik, Sten Lund, Bodil 
Hammer Bech, Sjurdur F. Olsen, Romain Barres, Torben Hansen (senior investigator) 
 
International co-workers: Professor Leif Groop and Associate Professor Charlotte Ling (Lund 
University, Sweden), Professor David Dunger and Associate Professor Susan Ozanne (Cambridge 
University, United Kingdom), Professor Frank Hu (Harvard University, Boston, USA), Professor 
Cuilin Zhang (NICHD, Bethesda, USA).  
National collaboration: NNF Center for Basic Metabolic Research.   
 
Background 
The original Barker hypothesis of low birth weight being a risk factor of insulin resistance, T2D, 
hypertension and CVD has been extensively confirmed including unique studies of Danish cohorts 
(1-8). Progress has been made in understanding the underlying molecular disease mechanisms, 
and Danish studies of twins and singletons have found that low birth weight is associated with T2D 
and insulin resistance in an age-dependent non-genetic manner (2). Among young low birth weight 
subjects, Danish studies have documented a range of prediabetic abnormalities including 
abdominal obesity, increased lipolysis, decreased lean body mass, impaired muscle insulin 
sensitivity, decreased protein levels/activities of several components of insulin signalling in muscle 
and fat, as well as whole-body insulin resistance after five days high-fat overfeeding (3-7). The 
finding of altered muscle fibre type composition in adult low birth weight subjects raised the idea 
that a common denominator of low birth weight muscle and fat define a structural and metabolic 
immature cell not being able to cope with the excess metabolic demands associated with an 
affluent Western lifestyle (8). Recent Danish-Swedish collaborative studies have provided some of 
the first data to support a role of epigenetics in developmental programming of muscle insulin 
resistance in man by low birth weight interacting with factors such as diet and genetic traits (8-9). 
Nevertheless, low birth weight remains a crude marker of the foetal environment and the most 
important questions regarding the mechanisms defining the life course trajectories from 
exposure(s) from even prior to conception to onset of disease remain to be determined.    
 
Aims  
To gain ground breaking insights into the quantitative magnitude – and the molecular mechanisms 
- underlying the link between adverse environmental conditions operating during foetal life on one 
side, and risk of insulin resistance, T2D and CVD several decades later in life on the other. 
 
Methods 
A prime focus of the current WP is to bridge the gap between two of the strongest biomedical 
research disciplines in Denmark, namely epidemiology and human integrative physiology, and thus 
with a multidisciplinary and comprehensive human approach to address the impact of - as well as 
mechanisms underlying - developmental programming of T2D and CVD. More specifically, we aim 
to use and to expand the current national cohorts and registries, in particular the Danish National 
Birth Cohort founded approximately 15 years ago, and with a life course approach to implement 
novel - and to expand currently ongoing - in-depth metabolic, integrative physiological and 
epigenetic studies of distinct and phenotypically extremely well-characterised subgroups. With a 
focus on human muscle and adipose tissue biology, DNA methylation, miRNAs, as well as histone 
acetylations and molecular players of tissue insulin and energy sensing, and their interactions with 
genetic and non-genetic factors, we aim to identify novel mechanisms and molecular targets of 
developmental programming involved in the development of T2D, which in turn will be validated in 
different human cohorts and in animal and cell studies.  
 
Perspectives 
Our vision is to translate the knowledge gained into public health initiatives to combat T2D and its 
associated risk of CVD in future generations not only in Denmark, but perhaps even more so in 
developing countries, where the impact of adverse factors operating in pregnancy may contribute 
disproportionately more to the T2D epidemics. Whereas current lifestyle prevention strategies may 
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at best postpone the onset of overt T2D for one to two years, our ultimate vision is to identify novel 
and truly sustainable ways to prevent T2D and CVD in an intergenerational manner.  
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WP19: Epigenetic Control of Insulin Sensitivity in Skeletal Muscle 
Romain Barrès (principal investigator), Allan Vaag, Tomasz K. Wojdacz, Niels Jessen, Juleen 
Zierath (senior investigator) 
 
International collaboration: Professor Edna Hardeman (University of New South Wales, Sydney, 
Australia), Professor Kenneth Caidahl (Karolinska Institute, Stockholm, Sweden). 
National collaboration: NNF Center for Basic Metabolic Research. 
 
Background 
In developed countries, the decline in overall physical activity has led to a reduction in whole-body 
fuel utilisation and obesity, further contributing to the rise in T2D and related CVD. Skeletal muscle 
plays a leading role in whole-body insulin resistance, as the major part of insulin-mediated glucose 
disposal takes place in this tissue. Gene expression changes drive adaptive responses in skeletal 
muscle to improve metabolic efficiency, oxidative capacity and insulin sensitivity (1). 
Although the genetic code is identical in all cells of an organism, each individual cell type 
possesses its own gene expression pattern, driven by a specific epigenetic signature. DNA 
methylation is a major epigenetic modification suppressing gene expression under many conditions 
by modulating the access of the transcription machinery to the chromatin or by recruiting methyl-
binding proteins. As DNA methylation has been generally thought to be mitotically stable, 
environmental factors have been disregarded as driving significant and sustained changes in DNA 
methylation patterns in normal adult tissues. However, evidence is emerging to support the notion 
that even in adult tissue, environmentally-induced changes in DNA methylation patterns throughout 
life influence genes controlling whole-body energy and glucose homeostasis (2-4). 
Exercise training increases the mRNA expression and the protein level of a plethora of genes 
modulating insulin sensitivity and fuel usage. Whether these genomic responses are controlled by 
DNA methylation is unknown.  
 
Aims 
We hypothesise that DNA methylation orchestrates the exercise-induced amelioration of insulin 
sensitivity. Our preliminary results show that muscle contraction triggers transient hypomethylation 
of genes involved in the muscular response to exercise. We aim to discover the role of transient 
DNA methylation in muscular adaptation. This work is of relevance for diabetes and obesity 
because regular physical activity is the first line of defence against the development of peripheral 
insulin resistance. For this specific purpose, we will combine in vitro and in vivo approaches to 
address the following specific aims: 
 

1. To identify the molecular pathway controlling rapid promoter loss of methylation;  
2. To determine the role of DNA methylation in adaptive response of skeletal muscle to 

exercise; 
3. To use DNA methylation changes as a biomarker to identify the genes activated upon 

muscle contraction.  
 
Methods 
1. Our preliminary results show that pharmacological agents mimicking contraction induce changes 
in gene expression and DNA hypomethylation in cultured myocytes. We will use this model to 
dissect the molecular pathways involved in exercise-induced DNA hypomethylation. Gene 
silencing of known DNA methyltransferases and methyl-binding proteins will be performed. 
2. To determine the role of DNA methylation in the adaptation to exercise, we will manipulate the 
expression of proteins involved in the rapid loss of DNA methylation upon muscle contraction using 
in vivo gene transfer and study the adaptation of the transfected muscle to exercise training. 
Expression plasmids or shRNA (stably expressing siRNA) will be transiently introduced into to 
mouse skeletal muscle by electroporation. Using this technique, the expression of plasmids lasts 
up to ten days, which will be our time frame to exercise train the transfected animals. At the end of 
the training regime, the tibialis anterior muscles will be removed and immediately frozen in liquid 
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nitrogen. Adaptation to exercise will be determined by measuring markers of mitochondrial 
biogenesis, contractile activity and glucose and lipid homeostasis, as previously reported (1). 
3. To use DNA methylation changes as a tool for identifying the genes activated upon muscle 
contraction, we will subject mice to a single bout of exercise using a motorised treadmill. Upon 
completion of the exercise bout, the extensor digitorum longus and the epitrochlearis, as well as 
the white and red gastrocnemius muscles will be removed and immediately frozen in liquid 
nitrogen. Gene-specific methylation will be analysed in the various muscle samples using a 
methylated DNA capture technique, followed by deep-sequencing.  
 
Perspectives 
Our research will deepen the fundamental biological knowledge of the molecular mechanism 
controlling the adaptation of the locomotor system to the environment. Through the identification of 
novel molecular pathways controlling exercise-induced gene expression, we will open avenues for 
the potential prevention and treatment of insulin resistance by targeting these exercise sensitive 
molecules.  
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WP20: Diabetes Obesity and Gastric Bypass 
Dorte Worm (principal investigator), Dorte Hansen, René Støving, Lars Naver, Bjørn Richelsen, 
Jens Juul Holst (senior investigator), Sten Madsbad (senior investigator) 
 
Internationals collaboration: Beijing Genomics institute and Dr. Fiona Gribble (Cambridge 
University, United Kingdom).      
National collaboration: NNF Center for Basic Metabolic Research, Novo Nordisk Research 
Institute.  
 
Background 
Gastric bypass operations surprisingly resolve T2D in one to two days before any weight loss and 
cause long-lasting, substantial weight reduction independent of malabsorption. The mechanism is 
unknown, but altered neuro-hormonal signalling from the gastrointestinal tract and changes in liver 
and muscle insulin sensitivity are probably important and are among the major topics in the field as 
understanding the mechanism of gastric bypass on the pathophysiology of diabetes, obesity and 
appetite regulation may change the way these major lifestyle diseases are managed. Development 
of non-surgical, therapeutic means which can mimic the beneficial effects of bypass surgery can 
not only substitute for a major part of the surgical interventions, but can conceivably also be used 
to treat also non-morbidly obese patients and non-obese T2D patients. Consequently, a huge 
interest exists in this area of research. It should be noted that the area of gastrointestinal tract 
endocrinology is a research area where Europe and in particular Scandinavia and the United 
Kingdom have been leading for the past 30+ years, thus providing an ideal basis for the present 
programme/project.      
 
Aims 
The research programme will focus on identification and characterisation of the elements of the 
enteroendocrine system, which are involved in the altered gastrointestinal tract signalling after 
bariatric surgery as the basis for the development of non-surgical interventions mimicking the 
beneficial effects of bariatric surgery. Essential parts of the project include the gastrointestinal tract 
hormones as such - including identification of novel hormones – and how they function in concert 
and, for example interact with the brain-gut axis. The molecular and cellular mechanisms 
controlling the function of the enteroendocrine cells, including receptors for food components, 
nutrients, metabolites and secretory components, are other important elements. The postoperative 
function of the pancreatic beta and alpha cell is a key focus of the programme, since the 
“normalisation” of the insulin secretion is one of the main explanations of the resolution of T2D 
together with improved insulin sensitivity of the liver and peripheral muscles. Cerebral 
manifestations of changes in appetite are investigated with positron emission tomography and 
functional magnetic resonance imaging and serotonin receptor mapping before and after surgery 
regulation. The effect of gastric bypass operation on energy expenditure is studied during 24 hours 
stay in respiration chamber. Gut microflora and metagenomics are studied before and after 
surgery, prospectively.  
 
Methods 
The first part of the programme has been explorative and has focussed on pancreatic beta cell and 
alpha cell function in T2D patients, liver, muscle and fat metabolism before and after surgery. 
Some of the studies are near completion. The second part of the programme focuses primarily on 
GLP-1 as the main explanation of the resolution of diabetes. The GLP-1 signal will be blocked by 
exendin 9-39, and in other protocols nutrient absorption will evaluate measurements of food transit 
time in the intestine and rates of absorption of food by use of multiple tracers. We apply state of the 
art physiological methodology to detect the changes in glucose metabolism after surgery; i.e. 
physiological meal tests, specific beta cell and alpha cell tests, hyperglycaemic clamps with and 
without GLP-1 and GIP infusion, euglycaemic clamps in combination with glucose tracer 
techniques to estimate the changes in liver and muscle insulin sensitivity. Muscle biopsies are 
used to study the insulin signal in details and mitochondrial function. As already mentioned, the 
GLP-1 signal in the whole-body will be blocked, to quantitate the effect of GLP-1 on glucose 
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metabolism in T2D patients and in subjects with normal glucose tolerance after surgery. 
Furthermore, variation in peptide/protein profiles in the plasma is evaluated by proteomic and 
peptidomics in the search after new molecules. Lastly, a biobank has been established. 

Perspectives 
That the development in the occurrence of obesity and T2D is epidemic is well recognised and the 
fact that these diseases are associated with a strong increase in the risk of developing serious 
CVD and a number of other diseases including cancer makes it one of the major health problems 
on a global scale. Weight loss achieved through lifestyle changes improves diabetes, but is very 
difficult to maintain, and at present no effective drug curing diabetes or obesity is available. 
However, we know today that bariatric surgery can do the job – but not how. 

The project/programme will provide the knowledge and basic tools for developing novel 
pharmaceuticals and other therapeutic means to be used not only to treat but also prevent these 
diseases. For example, it is envisioned that gastrointestinal tract hormones or drugs acting through 
their receptors can be used directly or in the correct combinations and that agents controlling the 
expression and or release of endogenous mixtures of gastrointestinal tract hormones will be 
developed, which can mimic the effect of bariatric surgery. 
Note, that about 20 % of the European populations are obese and about 50 % are overweight, and 
5-8 % of the populations have manifest diabetes – an all these figures are increasing. 
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WP21: Molecular and Cellular Enteroendocrine Biology in Diabetes 
Birgitte Holst (principal investigator), Steen S. Poulsen, Sten Madsbad, Mette M. Rosenkilde, Jens 
Juul Holst, Thue W. Schwartz (senior investigator) 
 
International collaboration: Assistant Professor Jeff Zigman and Professor Joel Elmquist (The 
University of Texas Southwestern Medical Center, USA), Associate Professor Fredrik Bäckhed 
(Wallenberg Laboratory, Gothenburg, Sweden), Dr. Fiona Gribble (University of Cambridge, United 
Kingdom), Research Director Gérard Gradwohl (Institute of Genetics and Molecular and Cellular 
Biology, Illkirch, France), Professor Hans Clevers (Hubrecht Institute, Utrecht, the Netherlands),  
Dr. Helen M. Cox (Imperial College, United Kingdom). 
National collaboration: NNF Center for Basic Metabolic Research.  
 
Background and Methods 
The large and diversified enteroendocrine system, which is composed of at least 15 cell types 
scattered along the entire gastrointestinal tract, is a major regulator of metabolism throughout the 
body - including the endocrine pancreas. This regulation is mediated through a corresponding 
large number of peptide messengers including for example classical incretins such as GLP-1 and 
GIP. However, the molecular and cellular biology of the enteroendocrine cells remains very poorly 
understood as they constitute less than 1 % of the cells of the mucosa and have until recently been 
impossible to isolate. However, based on genetic tagging with variants of green fluorescent protein 
(GFP) enteroendocrine cells can now be isolated, fluorescence-activated cell sorter (FACS) 
purified and studied in detail in respect of e.g. gene expression, proteomic analysis, 
electrophysiology and hormone secretion (1,2). 
 # Enteroendocrine reporter mice - at the Section for Metabolic Receptology and 
Enteroendocrinology at the NNF Center for Basic Metabolic Research: Over the past years, we 
have established a systematic series of transgenic reporter mice selectively expressing GFP 
variants in enteroendocrine cells under the control of promoters for peptide hormone precursors, 
promoters for secretory granular proteins and promoters for nutrient/metabolite chemosensors. It 
should be emphasised that several of these transgenic mice also express the GFP variants in the 
closely related pancreatic islet cells, thus allowing for novel means for isolation and 
characterisation of (sub)populations of islet cells expressing for example certain receptors - 
potential drug targets.  
# Enteroendocrine cell isolation: Equipment and technologies for isolation, FACS sorting and 
multiple ways of studying the molecular and cellular biology of the purified enteroendocrine cells - 
and the corresponding islet cells - have been established along with technologies and equipment 
for studying the cell biology and metabolism of the target cells for the hormones by e.g. 
Seahorse(r) equipment. 
# From controlling expression and secretion to controlling differentiation: Initially, focus has been 
on neurotransmitter, neuropeptide, nutrient and metabolite receptors and their ligands controlling 
gut and pancreatic hormone expression and secretion. However, a range of new projects also aim 
at identifying novel types of receptors and ligands - and other cellular mechanisms - controlling the 
continuous, weekly renewal of the enteroendocrine cells from stem cells in the crypts through 
differentiation and cross-differentiation mechanisms (8). And, how this differentiation process - and 
thereby the number and types of individual enteroendocrine cells - may be regulated by 
physiological factors such as food composition and stress and potentially can be controlled by 
pharmacological tool compounds and drug candidates. 
# The gut microbiota: Is a major environmental factor influencing our metabolism not only through 
harvesting of energy by digestion of for example complex carbohydrates, but also by generating 
small molecule metabolites e.g. short-chain fatty acids, which are being sensed by receptors in 
endocrine and metabolic tissues throughout the body including in particular the enteroendocrine 
system (7). Through a close research alliance with Fredrik Bäckhed and through the establishment 
of a satellite of Rodent Metabolic Phenotyping Center in his germfree facility in Gothenburg, the 
interaction between the gut microbiota and the enteroendocrine system and the host metabolism in 
general will be studied. 
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# From in vitro and ex vivo analysis to in vivo function: The basic molecular and cell biological 
projects described above are deeply integrated with functional ex vivo and in vivo physiological 
studies performed in for example various novel transgenic animal models and using novel 
pharmacological tool compounds and drug candidates at the extensively equipped Rodent 
Metabolic Phenotyping Center (5,6). Additional key experiments will be performed in advanced ex 
vivo models such as the isolated perfused rat or porcine intestine or pancreas (JJ Holst lab). 
# From transgenic mice to diabetic patients: Currently, a number of the key technologies, which 
originally was developed and optimised for rodents, are being tested for application to human 
tissue and cells. For example, novel selective surface markers for enteroendocrine cells have been 
discovered in the rodent models and these markers are currently being probed and optimised for 
use in immunohistochemical and FACS analysis of tissue samples from diabetic patients. 
 
Aims - only a few, major aims are indicated here: 
1. To characterise the molecular machinery - in particular but not limited to 7TM, GPCR - 

regulating the expression and secretion of peptide hormones from the different types of 
enteroendocrine cell types in the different segments of the gastrointestinal tract - and hereby 
identify novel targets for prevention and/or treatment of diabetes (for example by controlling the 
expression and release of endogenous GLP-1 instead of using exogenous GLP-1 mimetics); 

2. To characterise the various molecular components of the proposed paracrine two-way 
communication between the absorptive, nutrient metabolising enterocytes and the 
enteroendocrine cells (2-4) as the basis for understanding the mechanism of action of for 
example novel anti-diabetic drugs such as DGAT-1 and MGAT-2 inhibitors and identify the 
optimal use of such agents as well as identify novel targets in the enterocyte-enteroendocrine 
communication pathway;    

3. Characterisation of the molecular mechanisms controlling the renewal, differentiation and 
potential cross-differentiation of the enteroendocrine cells to identify targets through which the 
number and type of enteroendocrine cells can be controlled in the different segments of the 
gastrointestinal tract for optimal prevention and/or treatment of T2D patients.    

 
Perspectives  
As indicated under "aims" the main perspective of this WP is to identify and validate a series of 
novel molecular targets through which T2D can be prevented or treated in a safe way with agents 
acting directly or indirectly on the enteroendocrine cells to control their expression and secretion of 
peptides and to potentially control their number and type through modulation of their differentiation 
process. 
 
References 
1. Reimann F, Habib AM, Tolhurst G, Parker HE, Rogers GJ, Gribble FM. Glucose sensing in L 

cells: a primary cell study. Cell Metab 2008;8: 532-9. 
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Enteroendocrine Cells. Cell Metab 2008;8:447-49 
3. Cox HM, Tough IR, Woolston AM, Zhang L, Nguyen AD, Sainsbury A, Herzog H. Peptide YY is 

critical for acylethanolamine receptor Gpr119-induced activation of gastrointestinal mucosal 
responses. Cell Metab 2010;11:532-42. 

4. Schwartz TW, Holst B. An enteroendocrine full package solution. Cell Metab 2010;11:445-447. 
5. Holst B, Egerod KL, Jin C, Petersen PS, Østergaard MV, Hald J, Sprinkel AM, Størling J, 

Mandrup-Poulsen T, Holst JJ, Thams P, Orskov C, Wierup N, Sundler F, Madsen OD, Schwartz 
TW. G protein-coupled receptor 39 deficiency is associated with pancreatic islet dysfunction. 

 Endocrinology 2009;150:2577-2585. 
6. Petersen PS, Jin C, Madsen AN, Rasmussen M, Kuhre R, Egerod KL, Nielsen LB, Schwartz 

TW, Holst B. Deficiency of the GPR39 receptor is associated with obesity and altered adipocyte 
metabolism. FASEB J 2011 Jul 22. [Epub ahead of print] 
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WP22: Inflammatory Beta Cell Destruction: A Common Cause of T1D and T2D 
Dan Ploug Christensen (principal investigator), Morten Lundh, Guy Novotny, Mette Damgaard 
Nielsen, Susanne Mandrup, Bjørn Richelsen, Jens M. Bruun, Lise Wogensen Bach, Thomas 
Mandrup-Poulsen (senior investigator) 
 
International collaboration: Professor Charles Dinarello (University of Colorado, USA), Professor 
Stuart Schreiber and Bridget Wagner (Broad Institute of Harvard and MIT, Cambridge, USA), Dr. 
Reid Aikin (McGill University, Montreal, Canada), Professor Nancy Andrews (Duke University 
School of Medicine, Durham, USA), Professor Marc Donath (University of Basel, Switzerland), 
Professor Chantal Mathieu (University of Leuven, Belgium), Professor Lucienne Chatenoud 
(INSERM, Paris, France), Professor Per-Olov Berggren (Karolinska Institute, Stockholm, Sweden). 
National Collaboration: The NNF Center for Protein Research, the NNF Center for Basic Metabolic 
Research.  
 
Background 
Diabetes is caused by failure of pancreatic beta cell insulin secretion to meet insulin needs as a 
consequence of beta cell destruction or inability to compensate for insulin resistance. 
Understanding the molecular mechanisms of beta cell destruction and how it can be prevented is 
therefore an intense area of research in which significant progress has been made in recent years.  
Islet infiltration by immune cells and inflammatory mediators such as proinflammatory cytokines 
has been generally recognised to contribute to beta cell functional inhibition and destruction in both 
T1D and T2D (1,2). Proinflammatory cytokines activate stress-signalling pathways in beta cells 
leading to transcription of pro- and anti-apoptotic genes and activation of the intrinsic mitochondrial 
death pathway (3). However, the mechanisms of transcriptional and posttranscriptional regulation 
of cytokine-induced pro- and anti-apoptotic genes in the beta cell and the links between gene 
regulation and activation of the death pathway are unclear and are important areas of research 
since these processes provide targets for pharmacological intervention to prevent beta cell 
destruction and diabetes. 
Many classes of small non-coding RNAs including miRNAs have been found to regulate translation 
of mRNA. Further posttranslational modifications of histones constituting the DNA backbone (the 
socalled ‘histone code’) of transcription factors and of other proteins are now recognised as crucial 
for gene transcription, cellular signalling and protein activity. We and others have identified 
miRNAs regulating beta cell function and viability (4), and cytokines regulating the expression of 
several beta cell miRNAs, the targets of which are largely unknown. We have also recently 
reported that the beta cell express all 11 classical histone deacetylases (HDACs) (5) and several 
histone acetyltransferases (HAT) together regulating the acetylation balance and activity of nuclear 
and cytosolic proteins. Of note, inhibition of HDACs prevents inflammatory beta cell destruction in 
vitro and ameliorates diabetes in animal models of chemical diabetes (6,7). Yet, we need to clarify 
1) how cytokines regulate miRNA expression and HDAC/HAT expression and activity; 2) what are 
the key miRNAs and HDACs/HATs of importance in inflammatory beta cell inhibition and 
destruction; 3) what are the targets of miRNAs and KDACs/HATs; and 4) if targeting of miRNAs 
and HDACs/HATs prevents beta cell dysfunction in vivo. 
 
Aims 
The overall aims of this WP are: 
1. To clarify how cytokines regulate miRNA expression and HDAC/HAT expression and activity 

in pancreatic beta cells; 
2. To identify key miRNAs and HDACs/HATs in inflammatory beta cell inhibition and 

destruction; 
3. To characterise the targets of miRNAs and KDACs/HATs;  
4. To investigate if targeting of miRNAs and HDACs/HATs prevents beta cell dysfunction in 

vivo. 
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Methods 
By mathematical and in silico modelling we will predict miRNA-mRNA and HDAC/HAT-protein 
interactions and how these are affected by miRNA inhibitors such as locked nucleic acids (LNAs) 
and peptide and small molecule HDAC/HAT inhibitors/activators, respectively. miRNA array and 
SILAC-acetylome analysis will be employed to identify miRNAs and acetylated proteins, the 
expression of which are regulated by cytokines and manipulations of cytokine action. Loss-and-
gain of function studies by siRNA knock-down and overexpression will be used to determine the 
functional importance of candidate miRNAs, HDACs/HATs and acetylated proteins in the beta cell. 
Interventions against such druggable targets will be tested for their ability to rescue islets in vitro or 
grafted into the anterior chamber of the eye, allowing prospective and reproducible in vivo imaging 
of cell signalling, function and viability. Finally inhibitors identified by high-throughput screens will 
be tested in spontaneously diabetic mouse models.  
 
Perspectives:  
Since LNAs have been shown to be active and atoxic in vivo and HDAC inhibitors are already in 
clinical use, the proposed research will provide the preclinical basis for the launch of clinical trials 
in diabetic patients with the perspective of developing novel antidiabetic drugs.  
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5. Lundh M, Christensen DP, Rasmussen DN, Mascagni P, Dinarello CA, Billestrup N, Grunnet 
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The oral histone deacetylase inhibitor ITF2357 reduces cytokines and protects islet β-cells in 
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and the NNF Center for Basic Metabolic Research, University of Copenhagen (Oluf 
Borbye Pedersen) 
 
The aim is to obtain synergy between the activities in the two institutions with the final aim to 

produce research results at the highest international level within diabetes and metabolism.  

 

That wil be obtained by training of research students by the Academy, students who are or will be 

employed by the NNF Center for Basic Metabolic Research. Furthermore, senior researchers in 

the NNF Center for Basic Metabolic Research will serve as supervisors, educators and leaders 

within the activities of the Academy. We also aim for common PhD and postdoc projects e.g. the 

researchers will work 50 % of the time in the lab at the NNF Center for Basic Metabolic Research 

and 50 % within the Academy.  

 

The research areas in common are described in WP numbers 3, 6, 19 and 21 (see Appendix 7).  
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and DanStem (Henrik Semb and Moustapha Kassem) 
 
The aim of the agreement is to obtain a synergy between the activities of DanStem and the 

Academy with the final aim of introducing cell-based therapies into the clinical management 

options of patients with diabetes.  

 

DanStem has expertise within the area of stem cell biology and stem cell therapy. The Academy 

can provide access to patients with diabetes and a clinical platform by the clinician involved in the 

Academy activities. 

 

The parties agree on the following principles: 

1. DanStem will provide know-how within the area of basic stem cell biology, basic biology of 

insulin-producing stem cells as well as expertise within the area of stem cell transplantation. 

2. The Academy provides access to patients suitable for clinical trials and select clinical 

investigators interested in establishing stem cell-based treatment units. 

3. DanStem and the Academy will establish a joint unit for stem cells, including a Good 

Manufacture Practice (GMP) facility, which is hospital-based with the aim of providing 

clinical grade stem cells. 

4. DanStem and the Academy will establish a number of PhD and postdoctoral fellowships to 

carry out the planned projects, including: 

 

• Development of scalable differentiation protocols for functional insulin-producing 

beta cells from human embryonic stem cells/induced pluripotent stem cells. 

• Development of scalable differentiation protocols for stromal (mesenchyme) stem 

cells with the aim of using them for enhancing tissue regeneration and 

vascularization 

• Testing in animal models and in clinical trials the use of autologous and allogeneic 

adult stem cells for treatment of diabetic complications (vascular and neurological). 
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Appendix 10: Curriculum of the Danish PhD Network of Diabetes and Metabolism 
(preliminary version) 
 

Curriculum  
 

General regulations 
PhD students that are members of the Danish PhD Network of Diabetes and Metabolism must 

complete the two obligatory, basic courses outlined below (corresponding to 10 ECTS points) and 

a number of optional courses, either proposed by this PhD Network or offered by other national or 

international universities. In all, the PhD student must have course activities equal to at least 30 

ECTS points. Furthermore, the PhD programme must be completed in accordance with the Danish 

PhD Regulations. 

 

Other activities, such as summer school, symposia, etc., can be part of the PhD student's 

individual study plan. This must be approved by the individual PhD study board of the respective 

university faculty (see the faculties in question below).  

 

The individual PhD student must follow the rules set out by the faculty at which he/she is enrolled. 

See the following websites for further information: 

 

The Faculty of Health Sciences, the University of Southern Denmark 
http://www.sdu.dk/Information_til/Studerende_ved_SDU/Din_uddannelse/Phd/Phduddannelse_Su

ndhedsvidenskab  

The Faculty of Science, the University of Southern Denmark 
http://www.sdu.dk/Information_til/Studerende_ved_SDU/Din_uddannelse/Naturvidenskabelig_phd_

uddannelse.aspx 

The Faculty of Health Sciences, University of Copenhagen  
http://healthsciences.ku.dk/phd/  

The Faculty of Health Sciences, Aarhus University 
http://phd-health.au.dk/en/welcometothegraduateschoolofhealthsciences/  

 
A. Obligatory, basic courses 
In order to receive a diploma from the Danish PhD Network of Diabetes and Metabolism, the PhD 

student must complete the following two obligatory courses, corresponding to at least 10 ECTS 

points in total: 
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A1.  Basic glucose and fat metabolism 
 
A2.  Clinical Diabetology 

 

A3. Summer School of the PhD Network of Diabetes and Metabolism (3 ECTS) - Obligatory 

2 years for all students (3 ECTS points will be allocated for each year’s participation)  

 

Please note that, in addition to the above-mentioned obligatory courses at the Danish PhD 

Network of Diabetes and Metabolism, PhD students can be required to complete other basic 

courses that form the obligatory part of the PhD Programme set up by the university faculty at 

which they are enrolled. 

 

B. Optional courses 
The PhD student can choose from the following optional courses, but he/she can also choose to 

follow other national or international courses. 

 

B1.   Basal metabolism and molecular mechanisms in the metabolic syndrome (4 ECTS) 
B2. Advanced methods in protein chemistry and mass spectrometry (10 ECTS)  

B3.  Beta-cell biology (3 ECTS)  

B4. Obesity (3 ECTS)  

B5. Developmental programming of metabolism (3 ECTS) 
B6.  Inflammation and Metabolism (3.5 ECTS)   

B7. Molecular genetics in metabolic diseases (3 ECTS)  
B8. Protein purification (10 ECTS) 

B9. Molecular and cellular endocrinology  
B10. Clinical assessment of insulin resistance and other metabolic parameters 

B11. Late diabetic complications 
B12. In vivo investigation of glucose metabolism 
 

See course descriptions of courses A3 and B1-B8 at the following website (under the menu 

“curriculum”): www.metabolism-endocrinology.dk 
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Amounts are stated in 1,000 DKK Year 1 Year 2 Year 3 Year 4 Year 5
Total 
(DKK)

Applied 
from NNF

Applied from 
other 
foundations

Applied 
from JDRF

Applied from 
universities

Grants 42.600 67.100 90.200 66.500 42.800 309.200 142.500 76.700 37.500 52.500
Professorships 2.000 2.800 2.800 2.800 2.800 13.200 10.000 3.200 0 0
Salaries, clinical professorships 0 800 800 800 800 3.200 0 3.200 0 0
Salaries, full professorships 2.000 2.000 2.000 2.000 2.000 10.000 10.000 0 0 0
Postdoc Programme 16.300 23.500 30.100 22.900 15.700 108.500 78.000 18.000 12.500 0
NNF 3-year-positions 7.200 14.400 21.000 13.800 6.600 63.000 63.000 0 0 0
NNF match funding (NNF-JDRF 
International Research Partnerships) 3.000 3.000 3.000 3.000 3.000 15.000 15.000 0 0 0
JDRF match funding (NNF-JDRF 
International Research Partnerships) 2.500 2.500 2.500 2.500 2.500 12.500 0 0 12.500 0
Other foundations 3.600 3.600 3.600 3.600 3.600 18.000 0 18.000 0 0
PhD Programme 16.500 33.000 49.500 33.000 16.500 148.500 49.500 49.500 0 49.500
Salaries (DKK 550,000 annually) 16.500 33.000 49.500 33.000 16.500 148.500 49.500 49.500 0 49.500

Pregraduate Scholarship Programme 1.800 1.800 1.800 1.800 1.800 9.000 0 6.000 0 3.000
Salaries (DKK 120,000 annually) 1.800 1.800 1.800 1.800 1.800 9.000 0 6.000 0 3.000
Visiting Scientific Programme 1.000 1.000 1.000 1.000 1.000 5.000 5.000 0 0 0
Travel - Lodging - Food - Salary (DKK 
500,000 annually) 1.000 1.000 1.000 1.000 1.000 5.000 5.000 0 0 0
Support to Research Projects 5.000 5.000 5.000 5.000 5.000 25.000 0 0 25.000 0
JDRF Danish Research Projects 5.000 5.000 5.000 5.000 5.000 25.000 0 0 25.000 0
Administration 12.587 13.322 14.015 13.304 12.593 65.823 59.380 2.301 2.567 0
Salaries 4.000 4.000 4.000 4.000 4.000 20.000 20.000 0 0 0
Managing Director 800 800 800 800 800 4.000 4.000 0 0 0
Education Manager 600 600 600 600 600 3.000 3.000 0 0 0
Fundraiser/Communicator 600 600 600 600 600 3.000 3.000 0 0 0
Administrative secretaries 1.500 1.500 1.500 1.500 1.500 7.500 7.500 0 0 0
Chairman of the Board, co-funding 500 500 500 500 500 2.500 2.500 0 0 0
Annual Conferences, Seminars and 
Courses 4.480 4.480 4.480 4.480 4.480 22.400 21.000 0 1.400 0
Venue - Travel - Lodging, estimated total 4.480 4.480 4.480 4.480 4.480 22.400 21.000 0 1.400 0
Other Administrative Costs 2.500 2.500 2.500 2.500 2.500 12.500 12.500 0 0 0
Small acquisitions
Marketing/Merchandise
Webpage
IT administration (Apps, Twitter, etc.)
Meetings (meals and transportation)
Estimated Total 2.500 2.500 2.500 2.500 2.500 12.500 12.500 0 0 0

Appendix 11 - Detailed budget for the total project including all funding

Appendix 11 1
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Amounts are stated in 1,000 DKK Year 1 Year 2 Year 3 Year 4 Year 5
Total 
(DKK)

Applied 
from NNF

Applied from 
other 
foundations

Applied 
from JDRF

Applied from 
universities

OUH administrative costs and services 
(3 % of the total costs) 1.607 2.342 3.035 2.324 1.613 10.923 5.880 2.301 1.167 0
Applied funding, total DKK 55.187 80.422 104.215 79.804 55.393 375.023 201.880 79.001 40.067 52.500

Appendix 11 2
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Amounts are stated in 1,000 DKK Year 1 Year 2 Year 3 Year 4 Year 5 Total (DKK)
Grants 13.200 36.900 43.500 36.300 12.600 142.500
Professorships 2.000 2.000 2.000 2.000 2.000 10.000
Salaries, clinical professorships 0 0 0 0 0 0
Salaries, full professorships 2.000 2.000 2.000 2.000 2.000 10.000
Postdoc Programme 10.200 17.400 24.000 16.800 9.600 78.000
NNF 3-year-positions 7.200 14.400 21.000 13.800 6.600 63.000
NNF match funding (25 full-time equivalents) 3.000 3.000 3.000 3.000 3.000 15.000
PhD Programme 0 16.500 16.500 16.500 0 49.500
Salaries (DKK 550,000 annually) 0 16.500 16.500 16.500 0 49.500
Pregraduate Scholarship Programme 0 0 0 0 0 0
Salaries (DKK 120,000 annually) 0 0 0 0 0 0
Visiting Scientific Programme 1.000 1.000 1.000 1.000 1.000 5.000
Travel - Lodging - Food - Salary (DKK 500,000 
annually) 1.000 1.000 1.000 1.000 1.000 5.000
Support to Research Projects 0 0 0 0 0 0
JDRF Danish Research Projects 0 0 0 0 0 0
Administration 11.417 12.128 12.326 12.110 11.399 59.380
Salaries 4.000 4.000 4.000 4.000 4.000 20.000
Managing Director 800 800 800 800 800 4.000
Education Manager 600 600 600 600 600 3.000
Fundraiser/Communicator 600 600 600 600 600 3.000
Administrative secretaries 1.500 1.500 1.500 1.500 1.500 7.500
Chairman of the Board, co-funding 500 500 500 500 500 2.500
Annual Conferences, Seminars and Courses 4.200 4.200 4.200 4.200 4.200 21.000
Venue - Travel - Lodging, estimated total 4.200 4.200 4.200 4.200 4.200 21.000
Other Administrative Costs 2.500 2.500 2.500 2.500 2.500 12.500
Small acquisitions
Marketing/Merchandise
Webpage
IT administration (Apps, Twitter, etc.)
Meetings (meals and transportation)
Estimated Total 2.500 2.500 2.500 2.500 2.500 12.500
OUH administrative costs and services (3 % of 
the total costs) 717 1.428 1.626 1.410 699 5.880
Applied funding, total DKK 24.617 49.028 55.826 48.410 23.999 201.880

Appendix 11 - Detailed budget for NNF funding

Appendix 11 3
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Appendix 12 - Detailed budget calculations

Annual conferences, Seminars and Courses
Based on 200 participants per event
Amounts are stated in 1,000 DKK

Event Year 1 Year 2 Year 3 Year 4 Year 5 Total (DKK)
Annual Summer School 1.000       1.000     1.000       1.000        1.000        5.000                  
Annual meeting 800          800        800          800           800           4.000                  
EASD annual meeting 1.080       1.080     1.080       1.080        1.080        5.400                  
Approx. four annual courses, 
seminars and symposia of 
400,000 per event 1.600       1.600     1.600       1.600        1.600        8.000                  
 4.480       4.480     4.480       4.480        4.480        22.400                

PhD students Year 1 Year 2 Year 3 Year 4 Year 5
Total (full-time 
equivalents)

3-year positions 30 30 30 0 0 90
3-year positions 0 30 30 30 0 90
3-year positions 0 0 30 30 30 90

Total (full-time equivalents) 30 60 90 60 30 270
NNF funding (full-time 
quivalents) 0 30 30 30 0 90
External funding (full-time 
quivalents) 30 30 60 30 30 180

Appendix 12 1
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Postdocs Year 1 Year 2 Year 3 Year 4 Year 5
Total (full-time 
quivalents)

Total number 
of positions

NNF 3-year positions 12 24 35 23 11 105 35
NNF match funding 5 5 5 5 5 25 5
JDRF match funding 4 4 4 4 4 20 4
Other foundations 6 6 6 6 6 30 6

Total (full-time equivalents) 180 50

Professorships Year 1 Year 2 Year 3 Year 4 Year 5
Total (full-time 
equivalents)

Total number 
of positions

NNF 
funding 
(positions)

External 
funding 
(positions)

5-year clinical professorships 0 2 2 2 2 8 2 0 2
5-year full professorships 2 2 2 2 2 10 2 2 0
Total (full-time equivalents) 2 4 4 4 4 18 4 2 2
NNF funding (full-time 
equivalents) 2 2 2 2 2 10
External funding (full-time 
equivalents) 0 2 2 2 2 8

Appendix 12 2
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Appendix 13: Curriculum Vitae for key researchers of the Academy 
 

 

Henning Beck-Nielsen (chairman of the Board)................................................................................ 2 

Allan Flyvbjerg (member of the Board) ............................................................................................... 3 

Jannik Hilsted (member of the Board) ................................................................................................ 4 

Oluf Pedersen (member of the Board)................................................................................................ 5 

Kurt Højlund (chairman of the Consultative Council) ........................................................................ 6 

Peter Rossing (chairman of the Research Committee) ....................................................................... 7 

Lise Wogensen Bach ........................................................................................................................ 8 

Susanne Mandrup (principal investigator) .......................................................................................... 9 

Jens Høiriis Nielsen (senior investigator)........................................................................................ 10 

Jens Juul Holst (senior investigator)................................................................................................. 11 
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Henning Beck-Nielsen 
Professor of Endocrinology, University of Southern Denmark, Consultant and Head of Research, 
Odense University Hospital  
 
Born 28 June 1945 
 
Henning Beck-Nielsen has been specialising in diabetes for the past 30 years, and he has a high 
international reputation for his scientific work and has received a number of acknowledgements and 
prices.  
 
Current positions 
Professor of Endocrinology, Institute of Clinical Research, University of Southern Denmark 
Consultant, Department of Endocrinology M, Odense University Hospital 
Head of Research, Department of Endocrinology M, Odense University Hospital 
Head of the Danish Centre for Strategic Research in Type 2 Diabetes (DD2) 
 
Final Medical University Examination 
Summer 1972 University of Aarhus, Denmark. Grade 10.3 (Danish 13-scale). 
 
Specialities 
02.07.84 Specialist of internal medicine (medical diseases)  
24.01.85 Specialist of endocrinology (medical hormonal diseases)  
 
Doctoral dissertation 
Insulin receptors in man. The monocyte as model for insulin receptor studies in man. 
Defended 12.09.80 at the University of Aarhus, Denmark. 
 
Doctoral and PhD assessments 
Official opponent of 17 dissertations in the period from 1984 to 2010: 8 at the University of 
Copenhagen, Denmark,  7 at the University of Southern Denmark/Odense, Denmark, 3 at the 
University of Aarhus, Denmark, 1 at the University of Oslo, Norway, and 1 at the University of Helsinki, 
Finland. Assessor/supervisor of 32 PhD theses during the period 1993-2010. 
 
Professional positions 
1982-1986 Head of the Danish Endocrine Society 
1989-1998 Head of institute at the Institute of Clinical Research, University of Odense 
1990 President of KONSUL (the Committee for the promotion of the education of 

endocrinology in the North)  
1998-2001 Chairman of the Danish Medical Research Council, member 1996-2001 
1999-2002 Member of the National Specialist Commission for post graduate training 
2005-present Chairman of the board of Hypo-Safe A/S 
2007-present Member of the Novo Nordisk Award Committee  
 
Awards 
Henning Beck-Nielsen has received 10 awards among these the Novo Nordisk Prize in 2006. 
  
Scientific publications and lectures 
The scientific production comprises 404 original papers. Approximately 350 lectures of which 
approximately 245 as invited lecturer.  
Terminated theses at the Diabetes Research Center under Henning Beck-Nielsen’s supervision: 8 
doctoral dissertations, 26 PhD theses and 5 diploma theses. PhDs in progress: supervisor for 6 PhD 
students. h-factor 61. 
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Allan Flyvbjerg 
Dean, Faculty of Health Sciences, Aarhus University, and Chief Physician, Medical Department of 
Endocrinology & Internal Medicine, Aarhus University Hospital 
 
Born April 28th, 1959    
 
A. Clinical qualifications 
1986-88 Employed as Clinical Endocrinologist at Medical Department of Endocrinology, Aarhus 

University Hospital, Aarhus, Denmark 
1999 Specialist in Endocrinology and Internal Medicine 
2001- Chief Physician and Clinical Endocrinologist/Diabetologist at Department M and Medical 

Research Lab., Aarhus University Hospital, Aarhus, Denmark 
B. Scientific qualifications  
Academic ranks: 
1986:   Graduated as Medical Doctor (MD) from University of Aarhus, Denmark 
1993: Doctor of Science (D.Sc.(Dr. Med.)) from University of Aarhus  
2005: Professor in Experimental Medicine, Aarhus University, Denmark  
2009: Professor in Clinical Endocrinology (Chair), Aarhus, Denmark 
2011: Dean at Faculty of Health Sciences, Aarhus University, Aarhus, Denmark 
Publications: 
507 printed/in press (405 of these articles are peer reviewed and 102 review articles). Furthermore, 15 
articles submitted. H-index: 47, citations >9,000. 
Supervisor for: 
A total of more than 20 PhD-students. A total of more than 10 Medical Students  
C. Significant administrative qualifications 
1999-2009 Leader of The Medical Research Laboratories, Clinical Institute (e.g. 16 full-time employed 

technicians and an annual budget of more than 25 million DKK) 
2000-2011 President of the Danish Diabetes Association (app. 75.000 members and an annual budget 

of app. 50 mio. DKK) 
2005-2011 Vice-institute leader at Clinical Institute, Aarhus University Hospital (app. 1600 employed 

doctors, nurses, post docs, PhDs; an annual budget of more than 500 mio. DKK) 
2008-  Member of the Steering Committee for the New University Hospital (DNU) in Aarhus (total 

budget of 8.90 billion DKK) 
2010-  Director of the Nanomedicine Center LUNA (total budget of 30 mio. DKK) 
2011-  Dean at Faculty of Health Sciences, Aarhus University, Aarhus, Denmark 
D. Major personal awards 
2011: The Erhoff Prize - awarded by the Thor Erhoff Family Foundation, Copenhagen, Denmark 
2011: Knighted by the Queen of Denmark 
2011: The Novo Nordisk Foundation Lecture Prize - awarded by SSSD, Reykjavik, Iceland 
2010: The Ruth Østerby Prize - awarded by the European Diabetic Nephropathy Study Group 
 (EDNSG) at the Annual Meeting in Poitiers, France 
2010: Her Majesty Queen Ingrid Celebration Lecture – awarded by the Regional Hospital of 
 Southern Denmark, Sønderborg, Denmark 
2009: Aarhus University (AU) Research Communication Prize – awarded by Aarhus University 
2009: The Dorothy Hodgkin Prize - awarded by Diabetes-UK in Glasgow, UK 
2007: The Knud Lundbæk Prize – awarded by the Scandinavian Society for the Study of Diabetes 

(SSSD) at the 42th Annual Meeting in Denmark 
2006: The Hagedorn Prize – awarded by the Danish Society of Internal Medicine (DSIM) in 

Copenhagen, Denmark 
2004: The ESCI Award for Excellence in Clinical Science – awarded at the 38th European Society for 

Clinical Investigation (ESCI) Meeting in Utrecht, Hollan. 
2001: The Castelli Pedroli Prize - 16th Camillo Golgi Lecture at the 37th European Association for 

the Study of Diabetes (EASD) Meeting in Glasgow, UK 
2001: The Dandy Foundation Award - for outstanding diabetes research 
1998: The Niels Schwartz Sørensen Award - for outstanding diabetes research 
1995: The Bernhard Rasmussen and Meta Rasmussens Memorial Award 
E. Others 
2000-11:  President of the Danish Diabetes Association, app. 75.000 members 
2001-02: President of the Scandinavian Diabetes Association (SSSD) 



11-07-2012 Danish Diabetes Academy application to the Novo Nordisk Foundation 

Appendix 13 4

Jannik Hilsted 
Chief Medical Officer, MD, DMSc, Rigshospitalet – Copenhagen University Hospital, Copenhagen, 
Denmark 
 
Born February 16, 1951 

Degrees and Professional Certification 
1976  Graduated as a Medical Doctor, University of Copenhagen, Denmark 
1983 Doctor of Medical Science, University of Copenhagen, Denmark 
1988 Specialist certification, International Medicine and Endocrinology  

 

Professional Training 
1976-1981 Research fellow, Institute of Medical Physiology B, University of Copenhagen and 

Hvidøre Hospital, Denmark 
1981-1988 Clinical training, Internal Medicine and Endocrinology  
1989 Chief physician, Department of Endocrinology, Hvidovre University Hospital,                    

Copenhagen, Denmark 
1996  Chief Medical Officer, Hvidovre University Hospital, Copenhagen, Denmark 
2003  Chief Medical Officer, Rigshospitalet, Copenhagen University Hospital, Copenhagen,  
                        Denmark 

Major Research Interest 
Pathophysiology of diabetic nephropathy  

Publications 
105 peer-reviewed original scientific papers, 45 review papers and chapters in textbooks. 

Experiences as Scientific Supervisor 
Supervisor for three medical doctors, who have obtained the Doctor of Medical Science degree and 9 
postgraduate students, who have achieved the PhD degree.  
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Oluf Pedersen  
Professor, Scientific Director, DMSc, Marie Krogh Center for Metabolic Research, University of 
Copenhagen 
  
Education  
Oluf Pedersen (OP) graduated MD in 1972 from the University of Aarhus, Denmark. In 1983 he defended 
at the same university his doctoral degree (Dr Med Sci). Since 1987 OP has been a Danish Health Board 
authorized specialist in endocrinology and internal medicine.   
  
Professorships  
During 1995-2000 OP was adjunct professor of molecular diabetology at the Faculty of Health Sciences, 
University of Copenhagen, and since 2001 he has been chairing the same position at the University of 
Aarhus. In 2008 OP had a vocation as professor of molecular metabolism at Institute of Biomedical 
Science, Faculty of Health Sciences, University of Copenhagen. In October 2010 OP was also appointed 
professor of metabolic genetics at Faculty of Health Sciences, University of Copenhagen.  OP has spent a 
total of 3.5 years of visiting professorships at Harvard Medical School, Boston (2 years), and Peking Union 
Medical College and Beijing Genomics Institute, China (1.5 years).   
  
Chief Physician and Research Director  
During 1989-2010 OP has as chief physician and research director at Steno Diabetes Center and 
Hagedorn Research Institute, Copenhagen, been supervising a research environment of about 25 
members engaged in studies of the molecular pathogenesis of metabolic disorders and associated 
vascular complications. During the last 10 years the research has been focused on human metabolic 
genomics and metagenomics and per October 2010 OP took up a new position as scientific director of 
Metabolic Genetics Section at Marie Krogh Center for Metabolic Research (www.metabol.ku.dk).  In 2007 
OP founded the international Lundbeck Foundation Centre of Applied Medical Genomics 
(www.lucamp.org) for which he is executive director.  
 
Scientific outcome  
OP and his research teams have pioneered multiple discoveries in their studies of the pathophysiology and 
the molecular pathogenesis of common and rare metabolic disorders. On top of this, he has, as the 
originator and principal investigator of the Steno-2 Study, provided evidence for the long-term benefits of a 
structured multifactorial care of patients with type 2 diabetes to diminish risk of premature mortality and 
vascular disorders. OP has authored 468 peer-reviewed original papers and 92 reviews or textbook 
chapters. ISI Web of Knowledge Bibliometrics per ultimo February 2011: h-index 64, sum of quotations: 
17,244.  
  
Awards  
For his scientific achievements OP has received recognition including, Gold Medal Award from University 
of Aarhus, Kroc Award from Uppsala University, Lundbæk Award, Annual Mason Science Award, Dandy 
Research Award, Science Honorary Award of Danish Diabetes Association, Annual Science Award of 
Aarhus University, Codan Research Award, August Krogh Prize of Honour, Claude Bernard Medal Award 
from European Diabetes Society and European Metabolism GB Morgagni Gold Award.   
  
Scientific tutorship  
OP has been supervisor for 38 fellows who have obtained their doctor of medicine degree or their PhD and 
42 master students   
  
Academic responsibilities  
OP is serving as chairman or member on boards of scientific societies, international and national 
biomedical councils, grant bodies and scientific journals.  
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Kurt Højlund        
Associate Professor, Institute of Clinical Research, University of Southern Denmark, and Consultant, 
Department of Endocrinology, Odense University Hospital  
 
Dr. Højlund is a consultant in endocrinology and an associate professor specialized within the field of 
molecular mechanisms underlying insulin resistance in obesity, polycystic ovary syndrome and type 2 
diabetes. His main competence is an extensive experience in organizing human in vivo studies of 
insulin resistance combining state-of-the art metabolic characterization with detailed studies of blood 
samples and tissue biopsies using both classical protein chemistry and novel technologies such as 
transcriptomics and mass-spectrometry-based phosphoproteomics.    
 
Education and positions 
MD, Odense University (1996); PhD, Health Sciences, University of Southern Denmark (2003); 
Research Management Course at Copenhagen Buisness School (2011).  
Research fellow, Diabetes Research Centre, University of Southern Denmark (1998-02). 
Post.doc (50%) funded by FSS, Dept. Endocrinology, Odense University Hospital (2005-09). 
Post.doc position at Center for Metabolic Biology, Arizona State University (2006-07).  
Associate professor (50%), Institute of Clinical Research Institute, University of Southern Denmark, and 
consultant in endocrinology at Dept. Endocrinology, Odense University Hospital (2009-).  
 
Awards and major external funding received 2003-2011 
2003 Sehested-Hansen Foundation Honor Bursary, 2003 Bagger-Sørensen Foundation Honor Bursary, 
2004 Helmar Lausten’s Memorial Bursary, 2007 Young Investigators Award of the SSSD, 2010 Niels 
Schwartz-Sørensens Honory Prize. Novo Nordic Foundation: 1.400.000 kr, 2009 Novo Nordic 
Excellence Project Grant: 5.000.000 kr, Danish Diabetes Association: 440.000 kr, 2005+2009 Danish 
Medical Research Council : 2.793.389 kr. 2011 Sapere Aude, DFF Starting Grant 8.571.866 from the 
Danish Council for Independent Research . 
 
Other competences 
Faculty member of the Danish PhD School of Molecular Metabolism, University of Southern Denmark 
since 2002. Member of the Board and Secretary for the Danish Endocrine Society (DES) since 
2008.Member of the Board and Secretary for the Scandinavian Society for the Study of Diabetes 
(SSSD). Reviewer for more than 25 international journals in the areas of diabetes, endocrinology, 
metabolism and proteomics. Reviewer for the Diabetes UK Grant Review, the Wellcome Trust Grant 
Review and for Agence Nationale de la Recherche (French National Agency). Opponent of 7 doctorial 
(Ph.D) dissertations. Supervising 10 ph.d.-students. Since 1997 teaching at Course of Human 
Pathophysiology, and at different Ph.d-courses and Summer School at the Danish PhD School of 
Molecular Metabolism, University of Southern Denmark. 
 
Selected recent publications (out of 60 published since 2006) 
1. Højlund K, et al. Human ATP synthase-beta is phosphorylated at multiple sites and shows 

abnormal phosphorylation at specific sites in insulin resistant muscle. Diabetologia 2010;53:541-
51.  

2. Højlund K, et al. Dysregulation of glycogen synthase COOH- and NH2-terminal phosphorylation 
by insulin in obesity and type 2 diabetes mellitus. J Clin Endocrinol Metab 2009; 94:4547-56.  

3. Boström P, …, Højlund K, Olofsson SO. The SNARE protein SNAP23 and the SNARE interacting 
protein Munc18c in human skeletal muscle are implicated in insulin sensitivity. Diabetes 2010; 
59:1870-8. 

4. Lefort N, ……Højlund K, Yi Z, Mandarino LJ. Increased ROS production and lower abundance of 
complex I subunits and carnitine plamitoyltransferase protein despite normal mitochondrial 
respiration in insulin resistant human skeletal muscle. Diabetes 2010; 59: 2444-52. 

5. Vind BF, …, Højlund K. Impaired insulin-induced site-specific phosphorylation of TBC1D4 in 
skeletal muscle in type 2 diabetes is rescued by endurance exercise training. Diabetologia 2011 
Jan;54(1):157-67. 
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Peter Rossing 
Chief Physician, Director of Research, MD DMSc, Steno Diabetes Center 
 
Born 5 December 1965 
 
Education 
1998 DMSc, University of Copenhagen: “Promotion, prediction and prevention of progression in 

diabetic nephropathy” 
October 2004 Specialist in Internal medicine and endocrinology  
 
Positions 
11.02.91-30.09.94 Hvidöre Hospital/Steno Diabetes Center, Registrar 
01.10.94-29.02.96 Steno Education Center, Course coordinator    
01.03.96-31.08.96 Sygehuset Øresund, Helsingør, Surgery (registrar)  
01.09.96-28.02.97 Hillerød sygehus Med dept B (registrar)   
01.03.97-31.08.97 GP Lægehuset i Frederikssund    
01.09.97-30.09.97 Registrar: Med dept Roskilde Amtssygehus  
01.10.97-30.09.98 Registrar: Med dept F KAS Herlev   
01.10.98-31.08.99 Registrar: Med dept F KAS Gentofte   
01.09.99-31.08.00 Registrar: Med dept CF KAS Glostrup   
01.09.00-28.02.01 Registrar: Dept of nephrology  KAS Herlev   
01.03.01-31.08.01 Registrar: Dept of Oncology KAS Herlev   
01.09.01-31.03.02 Senior, Dept of Medicine F KAS Gentofte   
01.04.02-31.12.04 Senior, Dept of Endocrinology, University of Copenhagen, Herlev Hospital  
01.01.05-31.12.06 Senior registrar Steno Diabetes Center (SDC),   
01.01.2007-  Chief physician and manager of complications research SDC 
01.01.2010- Director of Research SDC 
 
Scientific work 
Peter Rossing has since 2007 been a chief physician and manager of the Steno Diabetes Center 
research team dedicated to the research of micro- and macrovascular complications of diabetes. Since 
2010 Director of Research at SDC. The particular focus has been on diabetic nephropathy and 
macroangiopathy. The research has included prevention and treatment of these complications. 
Furthermore there has been focus on risk prediction and biomarker discovery. Coordinator of the EU FP7 
sponsored project PRIORITY for early prevention of diabetic nephropathy. PR has co-authored >180 
papers, 29 as a first author. 139 of the papers are original and peer-reviewed contributions, 20 are 
reviews or invited chapters, and his h-index is 42.  
 
Academic Awards 
PR has received several national and international awards including The Minkowski prize from the 
EASD in 2005 and the Novarits Young Investigator Diabetes Prize 2009.  
 
Professional Positions 
2008- Danish Endocrine Society – member of the board , president elect 2011. 
2009- Danish Hypertension Society – member of the board 
2006-2010 European Diabetic Nephropathy Study group – member of the board 
2011- Co-Chair of Danish National Indicator Project for Diabetes 
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Lise Wogensen Bach 
Professor MSO, MD, DMSci, Institute of Clinical Medicine, Aarhus University 
 
Position 
Vice-dean for Talent Development and Head of Graduate School of Health Sciences Health, Aarhus 
University 
Education/Academic Degrees  
1986 MD, The Faculty of Health Science, University of Copenhagen 
1995 Doctoral Thesis/DMSci in the field of Diabetes, The Faculty of Health Science, 

University of Copenhagen   
Professional Experience/Positions 
04/1986-19/1986 Resident, Steno Diabetes Center, Gentofte, Denmark 
10/1986-03/1991 Post-doctoral Research Fellow, Steno Diabetes Center/Hagedorn 

Research Laboratory, Gentofte, Denmark  
04/1991-12/1993 Post-doctoral Research Fellow, Department of Neuropharmacology, The 

Scripps Research Institute, La Jolla, CA, USA (Nora Sarvetnick, Ph.D.) 
04/1994-10/2010 Associate Scientist and Associate Professor, Research Laboratory of 

Biochemical Pathology, Institute of Experimental Research, Aarhus 
University Hospital, Denmark 

11/2010 - Professor MSO Molecular Matrix Biology, Research Laboratory of 
Biochemical Pathology, Institute of Clinical Medicine, Aarhus University 

03/2011- Vice-dean Talent Development and Head of Graduate School of Health Sciences, Aarhus 
University 

Other matters: Child birth: 1987, 1994, 1998 
Supervisor Functions 
Ph.D. programme: Main supervisor: L-K Schiøtz, MSc: The Role of Chemotactic Cytokines in the 
Pathogenesis of Insulin-dependent Diabetes Mellitus (Ph.D. degree 1999). Q Chai, MD: The TGF-β1-
induced Changes in the Composition of the ECM in TGF-β1 Transgenic Mice  (Ph.D. degree 2003). C B 
Nielsen, MD: Interactions between Estrogens and TGF-β1-induced Nephropathy in Transgenic Mice 
(Ph.D. degree 2004). S Krag, MD: The Mechanisms of TGF-β1-induced Glomerulopathy and Interstitiel 
Fibrosis in Transgenic Mice (Ph.D. degree 2005). S Chai, MD:  Diabetic Angiopathy (Ph.D. degree 
2006). K Lorentzen, MSc: The role of TSG-6 and IαI in remodelling and stability of the extra-cellular 
matrix (2008-2012). T Kellenberger, MSc: End-stage renal disease: Signal molecules, Smad and Sex 
(2009-2012). L H Pedersen, stud.sc: Treatment of End-stage renal disease with siRNA against signal 
molecules in extra-cellular matrix turnover (2010-214). Co-supervisor: K Smidt, MSc:  Regulatory 
Genes and Insulin Secretion (Ph.D. degree 2009). A Barklin, MD: Brain death and systemic 
inflammation: A porcine model (Ph.D. degree 2009). A Granfelt, MD: organ dysfunction following global 
ischemia-reperfusion. Intervention with adenosine/Lidocaine – in a porcine model of cardiac arrest 
(2009-2012). A Kjærgaard, MD : Biomarkers - Bridgebuilding between clinical symptoms and 
pathophysiology - In severe septic patients (2010 – 2012). Medical students (research year), master 
students and Erasmus-Mundus exchange students: I have supervised 6 medical students, 4 master 
students and 5  Erasmus-Mundus exchange students in the field of diabetes or inflammation,  
Reviewer Functions: Ph.D. theses:11, Master theses: 6, Research year theses: 9, Other: 8 
Journals: Diabetes, Diabetologia, Respiratory Medicine, Biochimica et Biophysica Acta, Acta 
Anaesthesiologica Scandinavica, Nephrology, dialysis and transplantation, Hormone and Metabolic 
Research, Kidney International, Laboratory Investigation  
Major, selected administrative functions: Head of The Research Training Program in Endocrinology 
(2008-2010). Member of the board of the Danish Endocrine Society (2006-2010). Member of the board 
of UVVU (2010-). Officially appointed External Examiner in Histology and Cell Biology (2002-2014) and 
biology and human biology (2010-2014)  
Teaching: Pregraduate (1994-2009): Basic Histology and Cytology, The Medical Faculty and The 
Faculty of Life Sciences, Aarhus University. Postgraduate: 2005-  Preparation for the PhD,  introduction 
to the PhD, internationalisation of the PhD. etc. 
Major international support/awards: The Juvenile Diabetes Foundation International: 1) Post-doctoral 
Fellowship: 1987-1989 2) Post-doctoral Fellowship: 1991-1993 3) Career Development Award: 1994-
1997. National Institutes of Health, Fogarty International Center: Awarded an International Research 
Fellowship: 1991-1993 (score 177 - not activated). 
Publications: Totally 58 published papers. 
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Susanne Mandrup 
Professor, Dept. of Biochemistry and Molecular Biology, University of Southern Denmark (SDU) 
 
Born June 3, 1962  

Education 
1988 MSc degree in Molecular Biology 
1992 PhD degree in Biochemistry 

Professional experience  
(Maternity leave 6 months in 1989-90 and 6 months in 1992-93) 
1992-95 Post doctoral fellow, Department of Biochemistry and Department of Molecular Biology, 

SDU 
1995-96 Post doctoral fellow in Professor M. Daniel Lane’s lab, Johns Hopkins University, 

Baltimore, USA 
1996-1999 Assistant Professor, Department of Molecular Biology, SDU 
1999-2008 Associate Professor, Department of Biochemistry and Molecular Biology, SDU 
2008-present Professor, Department of Biochemistry and Molecular Biology, SDU 

Awards 
1994 The Simon Spies Foundation's Natural Science Research Prize 1994 
2007  Marie Lønggaard’s travel award for excellence in research and teaching 

External committees 
2000-2005 Executive board of the Danish Society for Biochemistry and Molecular Biology 
2003-present Co-founder and member of the executive board of the Danish PhD school of 

Metabolism 
2005-2010 The Danish Natural Science Research Council 
2007-present Award Committee for the "European Lipid Science Award” 
2009-present The Medical and Natural Science Committee of the Novo Nordisk Foundation 

Ad hoc international evaluation committees 

• Expert scientific evaluator for the European FP6 and FP7 programs, National Institute of Health, the 
Finnish Academy of Science, the Norwegian Research Council, the Swiss National Fund, the 
French Medical Research Council, Biotechnology and Biological Science Council, UK, and the 
Dutch Diabetes Fond. 

• Member of >30 PhD and faculty position evaluation committees in Denmark, Norway, Sweden, 
France and the Netherlands. 

• Advisory Editorial Board of Trends in Endocrinology and Metabolism  

Supervision 
• Principal supervisor since 1999: 5 postdocs, 24 PhD students, 22 master students and 41 bachelor 

students 

Research profile 
Mandrup laboratory focuses on understanding the molecular cross-talk between transcriptional 
regulation and metabolism in mammalian cells in particular in adipocytes and pancreatic beta cells. The 
group combines genome-wide mapping and dissection of the transcriptional network in adipocytes and 
pancreatic beta cells with detailed molecular analyses of the cross-talk between transcriptional 
regulators. Finally, the group has generated three knockout mouse models. 

International research consortia 
X-TRA-NET (http://rxrnet.dk/) EU FP6 STREP (2005-2009) coordinated by Susanne Mandrup 
MitoHealth (http://www.mitohealth.org/) a NordForsk Nordic Center of Excellence (2007-2012) 
AtheroRemo (http://www.atheroremo.org/index.html), EU FP7 large-scale collaborative project (2008-
2012) 
NIH grant (2007-2012) in collaboration with M.A. McIntosh, University of Greensboro, NC, USA. 
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Jens Høiriis Nielsen 
Professor, Department of Biomedical Sciences, University of Copenhagen, Denmark 
 
Born 25 July 1941, Copenhagen, Denmark  
 
Academic degrees         
1966: Candidate of science (Cand.scient.) in Biochemistry at the University of Copenhagen.  
1985: Doctor of science (Dr.scient.) in Cell Biology at the University of Copenhagen.  
 
Positions held         
1966-2000:  Steno Memorial Hospital Research Laboratory, Gentofte, Denmark, Research 

Associate. From 1979: Hagedorn Research Laboratory, from 1992: Hagedorn Research 
Institute), Head of Department of Cell Biology. 

1990-1991:  Hormone Research Institute, University of California San Francisco, USA, Visiting 
Professor 

2000-: Department of Medical Biochemistry and Genetics, from 2007: Department of 
Biomedical Sciences), University of Copenhagen, from 2001 Associate Professor, from 
2006 Professor. 

 
Professional Duties and Honors 
1997: Organizer of “Pancreatic Beta Cell and Islet Research 1997: Development-Destruction-

Regeneration” satellite meeting to the International Diabetes Federation Congress. 
2002: Board member of Danish Center for Stem Cell Research (DASC) 
2002: Awarded by the 27th Arnold Lazarow Memorial Lecture at the University of Minnesota, 

Minneapolis, Minnesota, USA. 
2003:   Recipient of an honorary award from The Bagger-Sørensen Foundation  
2003-2008:  Board Member of the Ph.D. School in stem cell research DASCDOC 
2006: Organizer of EASD Islet Study Group Symposium 2006 in Helsingør, Sept. 17-19. 
2007-: Board Member of the PhD School in Molecular Metabolism 
 
Current Research Grants 
2009-2011: Grant from the Novo Nordisk Foundation to the project: “Mechanisms of expansion of 

the beta cell mass in pregnancy” (DKK 300,000) 
2010-2014: Grant from Danish Strategic Research Council to “Center for fetal programming” (DKK 

3.5 million) 
2010-2012:  Grant from Danish Research Council for Health Sciences to the project “The 

insulinotropic effect of Glp-1 involves A-kinase anchoring proteins (AKAPs) expressed in 
pancreatic islets” (DKK 1.7 million) 

2010-2013: Grant from Danish Agency for Science, Technology and Innovation, Strategic Danish-
Japanese Program on Molecular Diabetology, to the project “Roles of pancreatic beta-
cells in the pathogenesis and pathophysiology of diabetes” (DKK 1 million) 

 
Publications 
133 full papers (81 originals, 3 patent applications and 49 reviews, editorials and conference 
proceedings), and approx. 220 abstracts. Approx. 210 invited lectures at courses, departments and 
meetings. Supervision of MSc and PhD students: total 40.  
 
Recent Publications 
Josefsen K, Lee YC, Thams P, Efendic S, Nielsen JH. AKAP 18 α and γ have opposing effects on 
insulin release in INS 1E cells. FEBS Letters 584:81-85 (2010); Lee Y, Nielsen JH: Regulation of beta 
cell replication. Mol Cell Endocrinol 297:18-27 (2008); M. Jackerott, Y. C. Lee, K. Møllgård, H. Kofod, J. 
Jensen, S. Rohleder, N. Neubauer, L.W. Gaarn, J. Lykke, R. Dodge, L.T. Dalgaard, B. Søstrup, D.B. 
Jensen, L. Thim, E. Nexø, H.C. Bisgaard, J.H. Nielsen: Trefoil factors are expressed in human and rat 
endocrine pancreas: differential regulation by growth hormone. Endocrinology 147:5752-5759 (2006); 
M. Jackerott, A. Møldrup, P. Thams, E. D. Galsgaard, J. Knudsen , J. H. Nielsen: STAT5 activity in 
pancreatic β-cells influences the severity of diabetes in animal models of type 1 and 2 diabetes. 
Diabetes 55:2705-2712 (2006); B. N. Friedrichsen, N. Neubauer, Y. C. Lee, V. K. Gram , N. Blume, J. 
S. Petersen, J. H. Nielsen, A. Møldrup: Stimulation of pancreatic β-cell replication by incretins involves 
transcriptional induction of cyclin D1 via multiple pathways. J Endocrinol 188:481-492 (2006).  
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Jens Juul Holst 
Professor, DMSc, Department of Biomedical Sciences, University of Copenhagen, and Scientific Director 
of the NNF Centre for Basic Metabolic Research 
Born  August 31, 1945, Copenhagen, Denmark 

 
Education 
1978  Doctor of Medical Sciences, University of Copenhagen 
Professional experience 
July 1970 Graduated from the Medical School, University of Copenhagen, Denmark.  
1970-72 Training in surgery, Bispebjerg Hospital, Copenhagen.  
1971-75 Research assistant, Dept. Surgery A, Bispebjerg Hospital 
1972-88 Surgeon, the Emergency Ward, Bispebjerg Hospital  
1975-76 Research fellow, Dept. Clinical Chemistry, Bispebjerg Hospital  
1976-77 Senior Research Fellow, Dept. Clinical Chemistry, Bispebjerg Hospital 
1977-78   Assistant Professor, Dept. Medical Physiology C, the Panum Institute, University of 

Copenhagen 
1978-89  Associate Professor, Dept. Medical Physiology C, the Panum Institute, University of 

Copenhagen  
1987-91  Professor of physiology (docent), same place 
1991-96  Research Professor by appointment of the Danish Medical Research Council 
1996->   Full Professor of Medical Physiology, University of Copenhagen 
Professional positions and memberships 
1978-91  Member of the board, Dept. Medical Physiology C, the Panum Institute, University of 

Copenhagen   
1993  Member of the Danish Academy for Natural Sciences  
1996-06  Vice Chairman of the Board, Dept. Medical Physiology, from 2006-> Dept. of Biomedical 

Sciences 
1983-91  Chairman of the council for preclinical studies ("studienævn") at the Medical Faculty, 

University of Copenhagen 
1996 Member of the Royal Danish Academy of Science and Letters  
1999->  Member of the Curriculum Committee of the Medical School 
1997-05  Chairman of the board, Dept. Experimental Medicine, University of Copenhagen  
1999-06  Member of the Research Committee of the Medical Faculty, from 2003 member of the 

executive committee 
2004  Chairman of the research cluster for “Endocrinology & Metabolism” 
Member of Editorial boards of Endocrinology; J Clin Endocrinol Metab; Diabetes; J Diabetes invest. 
Academic awards 
1984  The Anders Jahre award for medical research 
1990  The Odd Fellow award for medical research 
1992  The Novo Nordisk Award for Medical Research 
2002  The "Paul Langerhans Medal" of the German Diabetes Association 
2005  The “Claude Bernard” Lectureship and prize of the European Association for the study of 

Diabetes 
2009   The “Knud Lundbæk” award of the Scandinavian Society for the Study of Diabetes  
2009  The KFJ-award of the Health Sciences faculty  
2010  The Bagger-Sørensen Award  
Research grants 
From 1987 supported by the Danish Biotechnology programme. 1991, 1996, 2001 and 2004, 2006 and 
2008 recipient of 5- and 3-year research grants from The Danish Medical Research Council. 1997 and 
1998 awarded research grants by the Juvenile Diabetes Foundation International. 2002, 2006 and 2009 
recipient of research grants from the European Foundation for the Study of Diabetes (EFSD). From 
2010, Scientific Director, the Novo Nordisk Foundation Centre for Basic Metabolic Research.  
Scientific publications 
Teaching experience since 1971 at pregraduate and postgraduate courses. Guest lectures through 25 
years at universities in the Scandinavian countries, Europe, Canada, USA and Japan. The laboratory 
has generated more than 25 DMSc degrees and more than 15 PhD degrees. 
Scientific publications: > 1000 full publications including original studies, chapters in textbooks and 
review articles. > 34.000 citations in ISI Web of Science, h-index 93. According to Lab Times, second-
most cited physiologist globally 1996-2006. 
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